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ABSTRACT 

Wilhelm, Dean Rudy, M.S.E., Purdue University, December 
1978. Infiltration In Two Mobile Homes. Major Professor: 
V.W. Goldschmidt. 

Research was undertaken to find the effect of a con-

tinuous sheathing board and skirting on the infiltration 

rate in a mobile home. To do this, two mobile homes were 

tested, . one.was equipped with sheathing board,. and one 
• '. • • • ' ' , ' • • • • • • " • • ', • • • • I • • } . • " 

~as ca.uikect at str1:lctural· jolnts ~ . . The· homes were ~ilterha.te- i· 

ly t~sted with and without skirting. The.third goal was to 

. i find the efff:!ct o.~ 
..:. - \ • . <I·--· .: - . - - . .!. ~ 

· i · . I ' · 
di~ference·between 

w~nr ,· '(li_nd ~ir.~9~i,on ·, ~e.m~erature . . 
-- .. -f-·-. - .--. -. ~ - • I· •-.-. - ,· .-· -·--1•· , ---.-' ;---: 

and· s.olar · radiation ·on infiltration. 

Infiltration was found to vary linearly with tempera-

ture difference and the square of wind velocity~ The 

effects of wind and temperature difference on infiltration 

were found to be approximately additive. Wind direction 

had a very small effect, humidity and solar radiation were 

insignificant. 

Sheathing board was found to reduce infiltration by an 

average of 42%. The effect on the wind coefficient was 

slightly greater than on the temperature difference coeffi-

cient. Sheathing board reduced energy usage to heat (or 

cool) the homes by 10% in the winter and 3% in the summer. 

The effect of skirting was insignificant. 
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1 INTRODUCTION 

At a time when energy costs are soaring, many ways of 

reducing energy usage are being implemented. Among these 

are retrofits to homes to reduce the amount of fuel used 

for home heating and cooling. This has proven to be a long 

overlooked area of energy conservation. Mobile homes are 

especially notorious for their high heating cost to living 

~rea ·ratio .. : In lr7~8 .a;-p'fo.x;mat<:>l.Y ?7i5 '-°-~o. ".11~~":.w~rerl.d·: ·l 
This represents almost one 'in six new housing starts.· 

I : ; . 

·- Thui, .the need for . higher e~ergy usage efficiencies in 
. . 

:_ r_ lOObicle- hQ.II\es -dan he _seen •. ·_En~rgy_l9_~-2 .. J:r~m-f~~i~.e ~ ~·o-~~~f ~~~-\~ ---~ ·-· ~ . • I 
•• ~ _ l ! ' I ~ I ' - . --- - I • 

heat ·transhti ssion ·-through the' i 

. ; . r-- . . . ·. r . 
. i ~ ... • . • • • I . · · t · · 
-curs by three mechanisms:· 

' . ' 

envelope, radiation from or to th·e env:elope, ·_and air. infil-:-

tration. The first two of these have been investigated to 

some degree. Very little research has been done on air 

infiltration in mobile homes, although it can be as high as 

48% of the heat load for site built houses. 3 With this in 

mind, the investigation was undertaken. 

Infiltration is defined as air leakage through cracks 

and interstices around windows and doors, and through 

floors, walls and ceilings into the home. 4 This air repre-

sents a heating (or cooling) load in that the air must be 

heated (or cooled) to the conditions of the home interior. 
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The objective of the research was to measure the amount of 

air infiltrating into a mobile home, quantify this amount 

with respect to weather conditions, and look at two possible 

methods of reducing the amount of air infiltration and the 

associated energy savings'. 

To accomplish this objective, two 1975, top of the 

line mobile homes were used. One was equipped with a con-

tinuous sheathing board and the . other was caulked at all 

structural joints. The caulked home was equipped with two 

roof vents to vent moisture from the home. The home manu-

f acturer claimed such vents were not necessary for the 

sheat~e<l. home -arid. they ~e;re ; not ~~ed~f ·· ·- Othk:~ t:h'·an' this; . th~; 
hom~s were identical. These homes were compared to find 

the ·e·f -:t;ect of -sheathing. 'J;'he homes wer~ alternately · t ested 
. . ! . . . . . . . . . - . *1 ' . . . . · -- · -tho.ut- sk'i~rt'.ing· t~ -fJ;:d:~-t~ ~- f -:-. · -- :.. · . -· .. - ~ -.-- -- .... _ 

' • • • " ~ • I • 

and energy consumption. Througho':lt the tests the amount of 

electricity needed to heat the homes was recorded to deter-

mine the effects on energy usage. In a final test the 

sheathing board was removed from the home so equipped; and 

further comparisons were made with the caulked home as a 

reference. 

The homes were unoccupied during all of the tests. 
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2 REVIEW OF RESEARCH DONE BY OTHERS 

~.l Mobile Homes 

Air infiltration measurements on mobile homes (or manu-

factured housing) are sparce at the present time. Prado5,6 

found that for his limited range of tests the infiltration 

rate, I, in changes per hour (cph) was ·a linear function of 

' • ' - • I \, : • > <> • • -~ - • :. F • , • -- -· ~ ' "\ • • •I D • -~ • .... 

Dat~ was t~ken in the · s~ring arid ' f~ll with the blower in 
~ • ~ • 1 f ·. ~ - -' 

the .·temperature d~ffe:i;:-ence. b~t';'lee:n. the insiQ.e .and the outside .. · 

tne furnace chamber on. . He found that I = 1.1 + .. O 19 8.0.'T. · . . 

_ _ . . _ Wit~. ~~~· .;~r:iacr· ?,~"~( _off,. _i.ri_~il ~11,5:_~~ 1~a.~~-~~':_ ; o.i;"d~L.__, __ :__.~~ -~ 
' ,,.... ;------··--+ ~ ---:----:--- ' . ; . • • . • . • I . I . . ,. I I ~ • • • . • . 

i · · of:· ~ 8 cph le_ss, wf th no wind and a riegligib ie : ternpE?fr a tW:-·.: · · '. · · - . · .. · -

difference. Only.one measurement was· taken.with high wind. · · 

That measurement was not discernably different from the 

others. 

Hunt, Treado, and Peavy
7 

found infiltration rates to be 

I= .362 + .005606T, for a home in an environmental chamber 

with no wind. In an attempt to simulate wind, eight large 

fans were directed against the home from a distance of 

l.5m. New infiltration rates were between .55 and .71 cph, 

or about .1 to .3 cph higher than with no fans operating. 

They also found that: a) storm windows had little effect 

on infiltration, b) opening one or both doors increased 

infiltration to 2 to 4 cph, and c) the furnace blower 
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increased infiltration .2 to .3 cph. Hunt, Treado, and 

Peavy also did pressurization and depressurization tests on 

t"heir home. Given a simulated pressure difference equal to 

a theoretically stack induced pressure difference, the in-

filtration was much higher than would be produced by that 

stack induced pressure difference. 

Tietsma and Peavy 8 did further depressurization work 

on the same hom.e. They attempted to identify the leakage 

paths for air and then seal them. They were able to re-

duce flow by 1/2. Unfortunately, they did no further 
I . . 

nfatuia.i infiltraniqn ; tests. to compare . the. sealed home.with 
' . . - . . . . '~ .. . . ~ : . . . ' ·~ .. .' ' : . . .. . 
the unsealed home. 

~. ·:---." ·-· L --:-;-- ·~ . , . i -2 ·.2. S~te .. Bu.i~t~om.es . 
. . . , ·_ i . . . . . : . .. --·- - . -- - t . _. - . t I , 

. . . I j f · · ! · . . · '. '.f · -, J -- .. -;--· - ---. . . .: . . . .. • • . ! . c 

Tracer ·Measureme.n'ts ·of Infiltration' · . 2~2.1 

A number of researchers have done infiltration measure-

ments on site built homes. Results of their work are pre-

sented in table 2.1. Other comments, where necessary, will 

be made here. 

Dick and Thomas 9 did their research on two groups of 

homes rather than on individual homes; one group at Abbots 

Langley, and the other at Bucknells Close, England. The 

homes were occupied. The stack effect could not be deter-

mined at Abbots Langley .because of the lack of low wind 

speed data. 

e Bhanfleth, Moselev and Harris 10 did air infiltration 

measurements on two research homes at the University of 
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'1\.i!Jle 2. 1 Sample of research done and somJ .models 

Authors 

Dick 
'l'honias 

9 

13alrnfleth lO 
Moseley 
Harris 

Tamura 25,13 
Hilson 

Lachober 
llealy 

14 

Home (type heat) 

Abbots Langley 

Bucknells Close 

IBR Research Ilome 
(gas) 

Warm Air Research 
Residence #2 (gas) 

Home #1 
(oil) 

Home #2 
(oil) 

IBR Research Horne 
(electric) · 

Warm Air Research 
Residence #4 
(gas and electric) 

* .Results· 

I = .. B ?J~ . • 1681., f ._23n + .060nl0 

I = (.3J + . • 16n)W 

I~ (.~0 1 · + .07n) "t:.T
1

/
2 

-... 'I . 
I = .12 ~ .00 5854T + .029W 

I =- .l,9 . • 0 11 9 6 '11 + • 0 2 7 hi 

rd= 

I = T 

I ;;:.: 

I 1= 
\'I 

.b38W · 

.032/ZiT 

I o_.( f+ .. _· + . 24 (·i-;r ) J · J 
>..---- I •fr Q, 

. . I 
.06 + .045lv · . 

' . I 

.,! 
-. ! 

I= .l;r fft. :0296T~+ .188WL 

I = - ~ ·;t·~ + -. 08 3EG~- + . 018 96T 
+ . : •. '_50BL 

; ·--" I . 
* • I • 1! 
All results are presented in metric units t . 

. : 

I ; --
i . 

··! 
• j . ;-.... 

Comments 

n--number of open 
vents 

w2/t:.T > .70 

\·J
2 I 6 T ~ • 7 0 

one open window = 
1.4 open vents 

Due to wind only 

Due to stack only 

Data was not suffi
cient to determine 
temperature effect 

WL--wind on the 
long side of 
home 

EG= +l gas heat 
-1 electric 

heat 

U1 



Table 2.1, cont. 

Authors 

llunt 
Burch 

15 

5 Prado 
Goldschr.iidt 
Leo nu rd 

lrnnt 
'I'reado 

Luck 
Uels0n 

Burch 
llunt 

n.eeves 
flcBride 
Sei,1sy 

7 

16 

17 

18 

Home (type heat) 

'rownhouse 

Mobile home 
(gas) 

.Mobile home 

2 bedroom home 

Pre-retrofit 

Post-retrofit 
(heat pump) 

E'l,CS (gas) 
(electric) 

lZ'l'SC (gas) 
(electric) 

C'I'SE (electric) 
llTSG (gas) 

• . 
I 

-~ • :. 

I 
c 

·1 
j_ 

--1.: 
Resll;_Its I -

I = .111 .+ :ol94~T 
-r·"-

I '= l.l r+· .0198L.\T. 
1 . . 

--~ 

._ .... 
I . 3~62 .f. ·• 005fr0fiT 

. 2 
(.!. - .!.) ) I= I Cf · + .177W ~ 

0 . r. T T. 
0 l 

I =r= • 072 - ·.-ooaoPe 
O· . . 

I = .ll ~ .Ol806T + .0438W 
I = . 05 ; + • 0875/~T + . 03'15I·/ 

·-·-

I = . i2 I • + . 01G56T. + .0512W 
I= .05 '. + .135/L.\i::.+ .0527W 

·· ' 
Q .= 13 C,t·(46P + fl6P ) 1/2 

o 4 T W 
13 - x Q . c . o . . T 

l. ffe 3' 

~ :.-! '~ l ~ 4 
f. ·. 7 

101. 4 
II 

II 

II 

II 

2.· p.2 II 

:t 

Comments 

Home in an environ
mental chamber 

Limited data 

llome in an environ
mental chamber 

Pe--lumber equilib
rium vapor pres
sure 

0 = .062 
0 = .061 

0 = .064 
0 = .064 
o--standard dev. 

Q--volume fow rate 
31 . m min 

0\ . 



. . . 
.... . . 

• I . ' . I . . . . 
.f· .. 

'l'u.ble 2. 1, cont. 
" . 

Authors llome (type heat) - . I<.esults Comments 

Heeves s /<k l 
•4 . 

CT 9 

cont. 
. 0. r 

lISLG (gas) . • ·9,. . . .115.7 . 
SRSG (gas) 1 :o ~· 129 ; 6 
KA\vG (gas) 1.1 ,\ 4 5. 3 ' 
OAMG (gas) 1 .• 5 # " . . 
PAEG (gas) " 2. '6 - .. ~ 

3 ·-~ 
Malik Townhouse 1t 1 I = .186 + • 014 8ti.T' with only tiT 

(gas) ·--
I = .193. +· • 0095ST + .107G G--gas consumed kw 

+ • 001 ~ B + . 0088-~ B--basement door 
' ~ - l lvcos (fl-2~0) I + ·• 00 2 opening min/hr 

: F--front door 
·- ·- -- . opening min/hr 

.I . . . w < 2. 6 m/ s 
I = . oo __ o htiT•Wlco~(0-300) I High wind 

+ • 023'( j + .. 00014B· tiT + .30 
·--r- I . 

'rrn-mhouse # 2 I =· • 26 · . 01'28tiT· with only tiT 

(gas) - . 
I= ·.22-.. -

1 
.ol28fiT 1+ low wind 

+ .00:3' }8 I Webs ( 8~15) I I . . . .. . 
·- I . 

--. .. . 
I · -r-

' · . I . 
. . -~ 

I ..., 

!. . 
. ' 

·" 
-....] 

'·. 
' . 

1 I ,_ 
i· 
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Illinois. Of interest, in the IBR Research Horne, a change 

of 5°C 6T or l.m/s wind velocity produced the same change 

in infiltration while a change of l.6°C 6T or 1 m/ s wind 

velocity caused the same change in inside, outside pressure 

difference measured at the first story floor level. Also 

of interest was the fact that wind reduced the pressure 

inside the home. The opposite effect was observed for the 

Warm Air Heating Research Residence. Bahnfleth, et al, 

found that the wind induced a large amount of flow out the 

chimney on the IBR Research Home but not on the Warm Air 

· · Rbrne ·, · thus, . the .di ffe:i=e n t . +eaction ·to · wind J.·. • • • 
~ • • • • • . • • • • . • • . . • • - -. • • 1 

.. 
Other concl~sions reached were that ~) the IBR ho~e 

~as tighter thah the War~ Ait .. Home, ~) the temper~ture. · 

~·l ~tfi~~~~~~l~~~T1~~ · ! --· ~ . ,,,,,., I . . . . ·. . . .. ! . . . . . . . . I. • • • • • • • • • • • ; ·! 

c) air change rates were .l~ss during the sununer for the 

same wind and absolute value of the temperature difference, 

and d) the crack and air change method gave good results at 

design conditions by over predicting infiltration due to 

wind and neglecting temperature difference. 

. 11 
Coblentz and Achenback took ~ few measurements on 

each of ten electrically heated homes. Using a model based 

on the average values of Bahnfleth, l-loseley and Harris' 

work, the points were corrected to 22°C 6T and 4.Sm/s wind. 

They claimed they could then compare the different homes. 

They concluded that new buildings had lower infiltration 

rates than old, wood frame construction had higher values 
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than masonry, and that two story buildings had higher val-

ues than one story buildings . 

. Jordan, Erickson and Leonard12 measured infiltration 

in two houses as part of a larger study~ They performed 

only a limited number of measurements to determine a range 

of infiltration and made broad comparisons. They then used 

these values as part of the heat loss study. 

Tamura and \vilson13 did infiltration measurements on 

two test homes. They also measured pressure differences 

. a_c~~~s . 1 th~· .o~~.~i.d~ · .~~~.l.~ . ~f . th.e. ~o_m~:~. a~ ·~··~.~.a~~~~ -~-~~ . . _ 

'floo:i:- ·rev.el'. They .found ii:ifiltratibn varied linearly with 
. - ~ .. f 

wind and with the square root of .the 'temperature differenca 
• • • 4 

___ : .. . . . ~he~ _· _:_~e :_~~o l ~:~e~~\ V:~ re . ~·~-~ed_ , · t .h f :sum.: wa~ 1.~~ ·s,s. J:.h. ~1:1 · ~he . . :.~. -· i ·-;·---

-· -~~--------;-·· .. T- ...____,,..__ ..... . ' I I • • • • • I . . . I • I . • I . 
· ·;: · : ·to tal of each .acting ab:5ne· ~-: When· the ~ infiltration - due ·to· · . · · -. · 

wind equalleq the. infiltration· du·e to stac~, the combined · 

effect was 65% of the sum of the individual effects. See 

table 2.1. They also found the pressure difference across 

the windward wall was 86% and 85% of the pressure drop 

across the entire house for homes #1 and #2, respectively. 

In addition, they found the largest negative pressure 

differences were across the chimney. 

Laschober and Healy14 measured infiltration in two 

split-level re~idences. The IBR Research Home was heated 

with a gas fired boiler. Conbustion air was drawn directly 

from the outside. Th~ Warm Air Research Residence #4 with 

a forced air, full perimeter system, used, alternately, gas 
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I 
and electric heat. Lachober and Healy tried finding equa-

tions of infiltration as a function of temperature differ-

ence, temperature difference squared, the wind component 

incident on each of the walls, and the square of the wind 

component incident on each of the walls. For the IBR home 

they found only the temperature difference and the wind on 

the long side of the home significant. Similar results 

were obtained for the warm air home with the addition of 

one variable, EG. EG equalled 1 when the home was heated 

with gas and -1 when the home was heated with electricity. 

· · f Gas , heat . ~a$ · found~ to .:ptodu,c·e :. ·an add.i ~ionar ~ 17: ~h iofi.i-· 
l • • • • 0 • . ; • • 

tration rate. Justification for a model with wind incident 

on the. lon'g · s'ide came from the large ·ratio of ·crack on ·th~ 
· 1 l ' . . . . l. . i . . . . . ' ; . 

. - · _.:._iJ_.;.-:--=ror19--sid~ ~0 } t"he~· sfici'rt. s i~-. . · val~es - ·pr~dic.cted ·o;,:-the ·air : __ . ·--·-- · 
• • , . · I • \ , I I . · • • 

change and crack method were consistently less than those 

given by their model at design conditions. 

Hunt and Burch
15 

found that in a four bedroom town-

house located in an environmental chamber, infiltration was 

a linear function of temperature difference. They then 

tried sealing suspected leakage areas: a) kitchen, bath-

room, and dryer vents, b) doors, and c) air ports under the 

furnace. Little reduction in infiltration was achieved. 

Luck and Nelson16 discovered that in addition to wind 

and temperature difference, the humidity of the home 

affected infiltration. They found that increasing the 

I humidity of the home reduced infiltration rates. They 

theorized this was due to the expansion of the lumber as it 
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gained moisture, the cracks would become smaller and thus, 

less infiltration. 

Burch and Hunt17 performed retrofits on a frame house 

in several stages. Their first retrofit was an attempt to 

reduce air leakage. They measured the infiltration char-

acteristic of the home and then applied the following 

retrofits: a) caulking around warm air ducts where they 

penetrated the inside wallsl b) installation of improved _ 

weather stripping under the outside doors, c) sealing ~he 

· larg~ crack between.the .foundati9n and _the . siding, and 
-~· .. r . • : • -: . . : • . . l. . ~ . .. ·... . .. .. - ~ . . ~ • ., • .,, -. . - _ _. ... ~:- ~ . .• ; . . • . . - ~ ___ :_ • -_: -~- - -_ 

d) the installation of storm windows: ·They· then remea·sur~d 

infiltration and· compared with the equation fit to the 

- ---.. -= 

:·--· __ :: __ . J2.__:r:; e_v~1:1 s : . a~~a-~_· Tr.e·--~~ .u t~_v:__e,r~ ~~-t:_ ~ ~g - ~!ic:ant~ ~-1~~.· _._ · ____ -~- ! 
,' t o 0 I • 0 0 • - • l I I o o : 0 • , · • 

• 
1 that t~o ·models a ·re 'given in · table 2 .1 . . - ·This · was ' be:cause · · · · 

both models fit the .dat:a :eqi.la1ly we·ll ~ . . 

Reeves, McBride and Sepsy18 performed air infiltration 

studies on nine homes in Columbus, Ohio. They first at-

tempted to fit all of the data to linear models, but con-

eluded that the linear model was not acceptable (Reference 

19). They then developed a physical model, 

I= SoCT(A~PT + B~Pw)l/2 ( 2. 1) 

where the symbols are defined in the table of symbols, and 

6PT = 34·P·h· (l/T - l/T. ) 
0 i 

( 2. 2) 

/'J.P _ 1 7 6 . 5 2 
W - · W T 

( 2. 3) 
0 
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are the pressure du~ to stack and wind, respectively. A 

and B wer~ determined semiempirically and were given values 

of 4 and 12, respectively. The advantage of the above 

model js its simplicity, and a single correlation coeffi-

cient. This allows direct comparison of different tesi-

dences, and modifications of the same residence. The dis-

advantage of the above model is a slight loss of accuracy. 

-As part of the energy consumption study at Twin Rivers 

(see references 20 and 21) Malik 3 ~easured infiltration in . 

two townhouse apartments. Var~ables considered included 

~ ·. ~~rr{Je~a~u~e; dfffer.eri~e, ; w~~d ·v~1o~i_ty~,, ~-lnd· cirec~iol), · ra.te 

of furnace gas consumption, G, front door opening (minutes . 
. . . 

p er hour) , , F, and basement door opening, B . . Results are J ' . . i . . . . . . f ' . . . l 
~: ~~~-;~~d ~n. · tab.i~ ~1-. 1- i~;~r-~.rn~~t: ... ~-2· ~~; ~s~e'i~~--J -· ------ ·-.----~_:_ ·--· -

the dominant wester~y winds, while #1 was not. 

2.2.2 Pressurization and ~epressurization Tests 

Tracer techniques, while measuring infiltration to a 

high degree of accuracy are time consuming and do not pro-

vide any simple method of identifying leakage areas in the 

home. In an attempt to provide a quick method for finding 

infiltration rates or to identify leakage areas many re-

searchers are using fans to pressurize or depressurize 

their test homes. Flow rates through the fan can then be 

measured and the flow characteristic of the home determined, 

or the contribution of individual cracks to infiltration 
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can be measured by sealing them and measuring the reduction 

of flow. 

Tamura 22 and Caffey 23 have used depressurization to 

measure the sources of leakage in site built homes. Tamura 

measured the amount of leakage through the ceiling, outside 

wall, and through windows and doors, at 75 Pa pressure 

difference. Caffey vacuum tested 50 homes. He found that 

on the average, 25% of the leakage occurred around the 

baseboard (soleplate) of the homes, and that 20% occurred 

around electrical outlets. Windows and doors provided for 

19% of. the . leakag~. Up to 50% of . . this .leak age was through 
• . i .. --- • : . . . • .. . • , .. , .·;· .. · . . ' . .. ' . ..-- . . ' ~ . .. : . . l . . . . l 

the facing or framing area of the window · o~ · door . . After. 

identif~ing leakage ·areas he ~ealed the leakage areas and . . . . . ~ 

. -. 

_ • ..:. I -· .-- . ........:. fo und · that+ wi 1th.. .. and.¥ ·m:tnimc;i. J{ .. . outJg. .forj mater~a~ q::qs:t~f~ _ i-; · 
1- 'I' ' • I ' ' • ,t l • i • • 

leakage operii·n~ c 'ould be· . reduc~d by 
. I . . ' ! ·, . , . • . . • - 1. • · , '- 20 ! r: 
half. -HarrJe, · et al, . · 

. . 
also used depressurization to· find large leakage areas 

which they then sealed as part of their retrofit work at 

Twin Rivers. 

Other researchers have tried to predict infiltration 

using pressurization or .depressurization tests. 
24 

Kronvall 

performed vacuum and pressure tests on 29 Swedish homes. 

He also measured one natural infiltration point on each 

home. He found that 

I= 0.003 (Q/A)l.l 

where Q/A is the air leakage at 50 Pa divided by the area 

of the building envelope. 
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Tamura 25 using his earli~r work (reference 13 and 22) 

and his model · for tall buildings developed the following 

model: 

IT= 10,800 
c~Ns1.6sh .. 65 6T .65 

"t 1-1 T 
0 

Iw = 850 5 ~~w F.65 (W)l.3 

I 
I Q, 

I 
= 1 + .24 (Is)3.3 

Q, 

( 2. 4) 

( 2 • 5) 

( 2. 6) 

Tamura's model assumes a uniform crack distribution in the 

· . r,.,~alls; . un.i f~rm cross, ·~~·c~io~ai ·p.rea· ·,with. b~i·ld1ng height, . . 

n = .65, Ti= 294 °K and tha~ the side walls are shielded 

from· the wind. Using his dept~s~urization work (reference 

,. 

. . . . . l .. 
~ · . ~ 2 )- he 1- w a·s :aIDI' e to. ;ae·~.e ~~i·~~.:~~;. iJo;, - :c~-~i~~~~~ i r~;~~: : .:._. ~ . l ·. : · 

crack.from 

n 
Q = cw~6P , n = .65 . ( 2. 7) 

In this equation CW is referred to as the flow coefficient, 

and n as ·the flow exponent. He then used his experimental 

data (reference 13) to compare his model with actual infil-

tration rates. His model predicted IT reasonably well, 

but underpredicted IW. I was predicted fairly well. (Note 

that all of Tamura's work was done on the same homes.) 

Grimsrud, Sherman, Diamond, Condon and Rosenfeld26 and 

Blomsterberg and Harrje 27 followed a similar procedure to 
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relate pressurization tests to infiltration. Both groups 

determined the flow coefficient and exponent for their home 

using equation 2.7. Grimsrud, et al, then measured pressure 

differences across the surface of the home simultaneously 

with infiltration. Using the pressure differences they 

calc~lated ~nfiltration. Their results were quite good. 

Blomsterberg and Harrje used pressure differences obtained 

from a wind tunnel test to calculate infiltration and com-

pared their results against earlier infiltration measure-

ments by Harrje'a research group. Their predicted values 

w::r:e. o~~~ .twi_ce· .a ~ . h f. gl} ' ~. ·.t,h~ · mr~s l~r~~ · ~~~~e s_ · o.f . i~f~ i :tr_~\ ~ 
tion. Both groups ·assumed .uniform .crack distribution fo.r 

their cal.cuiations. Blorristerberg and .Har.rj e. pointed out 

• . • - , - --t-hiS · jllaY ~Qt be- -a . ,,.;7\ -~a.i -,,;. >rninpt.ico_h f ~~ · ~ I :-:' · I 
I • • ' ... .. • • .. : r • - • • • • : • ! ;." , I - : ' -· r ~ . . ;· : : . : r... • • •. • • • 

. . .ically 'that ·~ diffe'rent .. . distribu~i.on . of 'the same amount- of . 

crack could change infilt~ation by a factor of 2. 

In another study Stricker28 correlated the equivalent 

leakage . area measured using depressurization to humidity. 

He found that 

w = .003 + (.0004/ELA) where ELA = l.29(Q//P). (2.8) 

ELA is the area of an orifice giving the same flow rate as 

the home. 

2.2.3 Other Studies 

Of interest are two studies done by Mattingly and 

- 29 d . 1 Peters an Matting y, . d . 1 30 HarrJe, an Heis er . In the first 
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t study, wind tunnel tests were used to find the pressure on 

the surface of a model of a townhouse. Using equation 2.7 

inside pressures could be predicted and pressure differ-

ences across the walls and nondimensional infiltration rates 

estimated. Of interest was that simulated trees· could _re-

duce infiltration by up to 40%. To check this the second 

group wired up full size evergreen trees outside one of the 

townhouses at T\vin Rivers. They found that for winds 

perpendicular to the home, infiltration due to wind was 

reduced 42%. 
f r· ·- I 

~ .3 Tall Buildings 

·Research done on tall buildirigs can· be divided into 
. . 

9 . ·_ l · . . t0.r~e ,gro.uP,s .:· · a) ·tl'ie . rneas.u,r-a~em't"·· D.f 1 pre-~stiJ;e.=d-i=-~~e:-:-=-} 
; ~ -~-,-. -- r ·. · ·. ·_· .. · . . ·. · , . . . - ~ .. . ·. . ~r~ . . .. 

' 

across the exterior of a building, -b) computer models of 

· air infiltration, and c) ·actual air infiltration me a.sure-

ments. 

Most of the research in the first group has been done 

by Tamura, Shaw, Wilson, and Sanders at the Division ·of 

Building Research, National Research Council of Canada, in 

Ottawa, Canada. They have measured the pressure difference 

across the wall due to stack and forced ventilation 31 , 32 

the pressure differences across the walls due towind 33 , 34 , 35 

and the flow coefficients which resulted from the pressuri-

. f h b "ld' 36137 zation o t e ui ing. The pressure difference due 

to wind was measured on actual buildings 33 and on wind 

tunnel models. 34135 One wind tunnel model was for wind 

• l , 

- :. -- 1 -



with a simulated suburban boundary layer, 34 and one model 

was for wind with a simulated urban boundary layer. 35 

Using the computer and results from the previous studies 

they could calculate the infiltration in a building. 34135 

With this information they were able to develop a simpli-

17 

fied model for predicting infiltration in tall build

ings?413513~ In this simplified model they found that when 

both stack and wind pressure were acting, the total was no 

more than 40 % of the largest component. The actual amount 

was dependent on the ratio of the wind to stack forces, and 

·wind .dir~ction. 
• • ' l ' I ' • • I· · · ! . .. : ;· f . . . . . . - - . ; l . . . -- · ~ -: .. - -

The second group of research consiste d of the deve lop-

ment of computer mqdels to pr~4ict air infiltrcition ~ · 

_ , --:- -~ . Tam.ur ~ a.nd:--~!i ~ s.on . .. Ji : ~ t -C:·e-'te ~~?e.°:-almo_q~L~to_c_~J~~l~~1~· ~--. ·-. ...:. 
. . . , .1 -- . . I . , . . - r ~ - . 3 a . - ~ . -- - . - . 
pressure ·differerices ' caused b y -s t a ck action·. . - u:sing his · · --~ 

earlier work to ·measure the actual flow coefficients in 

buildings Tamura extended this computer model to calculate 

air flow within the building. 39 

40 Jackman and Teck also developed a computer model for 

air infiltration very similar to Tamura's. They also set 

up an electrical analogue model using current to represent 

air flow, resistors to represent pressure drop, and voltage 

to represent pressure. The computer model and the electri-

cal model gave similar results for air flow. 

All of the computer models used an iterative process 

to balance the inflow and outflow air by adjusting to 

pressure in the various rooms and floors. 
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- Only two references were found where actual tracer gas 

techniques were used to measure infiltration in tall 

buildings. 41,42 Both of these studies looked at the air 

exchange rate caused by ventilation rather than at the 

infiltration due to stack and wind. B.oth cases gave fairly 

good results. 

2.4 Component Studies 

In addition to infiltration studies on entire build-

ings, research has been done on air flow through wall com-

. : P~.~e~ ts P.l~c:d .un~~r ·~ p~~ss~~~. ;~J f f~~~~c;e. ~~ ·t.~e : l~b~ra.- :· 
tory. The typical test consistea· 6f fastening the· compo~ 

nent to be .tested to · a chamber which could either .be . 

., 
. i 

, __ .. ~ .. . p~~E'. s.,s~rt_~e ~ :9~ . . _qeP,r;=E~~~d~ l : 1~~~.<f_1r:~ss\lri -~-f.,,.~ ~:=_nc~ =t· _ __._·1• -· 
• • I • Ji • 6 1 --i-•. 

were then· m~asured ~nd. · ~ ' pre'ss 6. re. £iow ;curve :W~s ' plott~d .. . . f 

-

The flow coefficient . ahd ·exponent . were determined.from this 

curve. 

43 . . 
Larson, Nelson, and Braatz measured airflow through 

various types of wood frame construction. They made . no 

attempts at correlating the data mathematically, but did 

present all data graphically. These graphs were all of the 

form Q = C(6o)n with n<l. 

Thomas and Dick
44 

measured airflow through cracks 

around windows. They found that 

6P 
2 18.5 (Q + 775Q ) = 2 c c 

a 

for a series of 13 metal and wood frame windows. 

( 2. 9 ) 
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Sasaki and Wilson 45 pressure and/or vacuum tested 39 

windows of varying types. Data could be fitted with an 

equation of the type Q = C (6P)n, where C was dependent on 

the window tested and n~2/3. They also concluded that the 

values given by the ASHRAE Guide and Data Book 46 were with-

in the range of the windows tested. 

Bursey and Green 47 measured infiltration throug~ a 

window as part of a study for determining the effect of 

infiltration on the U value of the window. The infiltra-

tion versus pressure difference curve was of the form 

,-Q:;:: C_"(.llP)·;: ·w~t~ ·?"<~<475r . . ~$i.~i,1C3/r ~f'e.su~t·sr _ ·1:l1J~ . w~~h·.a. : . ·-- - ·· ~ -

smaller exponent were found by Sabine et · a~. 4 8 ) 
1 

'They also 

foGnd that Qc = · a 0 (1~ · +·0 •. 009~T) for i~filtra~ing·air . c ' 
.. ·._· - ~ - ·- . ~- - ·- = - -~ . . . . p . ' : -. '· . . ~ 

I --.ba ~~ ~"T-i~ ' :t;Il . C) , '1he .dee!1Tdt!E.:ee-=G==f=e:tJ;.i.J.;4r a t :.1-n<g--r---= • . r ·-· ---
. . . . . : --. - . . , - . . . -. -- , . ~ . . : ~ { r . _ :. . . , . . . J . . . : : .. - . . 

was less than that of infiltrating air and was not' deter-

mined . . The U value for infiltration and conduction a~tin~ 

together was found to be · less than the sum of the U values 

for each acting alone. 

Hopkins and Hansford49 and Ethenridge 50 studied air 

flow through simple cracks. Hopkins and Hansford theorized 

this flow should take the form: 

1 

ca2 

c z 
= a ~D + K 

e h · 
( 2. 10) 

From theory, Ca= 96. They measured flow for three differ

ent types of cracks: a) straight through, b) one bend, and 

i 
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c) two bends. The values of C and K were found to be 95.7 a 

and 1.5; 91.36 and 2.2; and 43.2 and 3.4 for each of the 

above cracks, respectively. This model can be compared 

with equation 2.9. Using Z/Dh = 10.3 (which was typical 

for.a window tested by Thomas and Dick), standard values of 

p and µ, and equation 2.10 for a single bend crack, one ob-

ta ins 

6P = (20.9/a 2 )·(Q + 643Q2) • . c c 

This is in reasonable agreement with equation 2.9. 

t I , • l 
r· . I . 

Summarv · 2.5 

Most of the.work.done on air infiltration in bui~dings 

t· L . _}"!as · b.e~n : ~mpi_E__J..i~!~ · • . Mo?e:~~p __ i:'_Ee.di 1~~~~;t~~p~~~P- ~? ~<jl _ 1 

, · · . . and te:m~era·t-~re. :~~ve ·~~e~ 'i·~cb~cl.usi~~ :~l"i·t~ bniy m~d~ra~~ fl 

I 

success in correlating actual data. 

Measurements in differen~ types of buildings have also 

been lfmited. Most of the reported data used the tracer 

gas technique for determining infiltration rates. Relating 

pressurization or laboratory data to field measurements has 

not always been successful. 

Grimsrua51 ) . 

(See, for instance, Ross and 

The literature reveals the need for further data and 

correlations giving models for the dependence of infiltra-

tion rates on weather and structural characteristics. This 

need became the defining factor for part of' this study. 

.~ 
I 
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3 FIELD SET UP 

3.1 Mobile Home Set Up 

As stated in the introduction, two homes were used to 

measure infiltration and to gather information about sheath-

ing and skirting. 

3.1.1 Description of Site 

The mobile homes were locate~ at a site on.the .~orth· · . 

e tI~e .o~. ~the ~ , P~r'dG·e · D~fve0rJi ty)A~~pb~~ .·-:~~out. · 1·. ~~ ·w-~s ·t ; ;~ . th~ 0- ; _ 

city of West L~fayette ~ Indiana. The site .was a ~rassy . ·I 
~·~f l:a~~~~ , ~ rn- i :e_s~ _. ~t~~t /;m t~ ,ll:~ ~~~P _ a~f : _~~-B-\ o ~ -_ .~h= · · ·.; .1 
homes: Severa l l arqe bui f dings were ~ocated 10'0-lSOm -east 

of the homes (see fi;ure 3.lt. The home$ ·were pl-aced w:l th . 

the long dimension north to south to take advantage of the 

dominant westerly winds. The front of the homes· faced east. 

The sheathed home was placed on the so~th and the caulked 

home was placed on the north. Between the homes, and to the 

east was the instrument shed which housed all of the instru-

mentation used for measuring infiltration. (See figures 3.2 

and 3. 3.) 

3.1.2 Description of the Homes 

Both homes were single wide, two bedroom homes 20.13m 

long by 4.27m wide (66' x 44') with 2.29m (7.5') ceilings. 
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Figure 3.1 Topographical map of site area e 
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The floorplans are given in figure 3.4. Heating was done 

with a 19.6 kW electric furnace (at 240V). The unit 

* efficiency was approximately 98%. Homes were cooled with 

* 9.4 kW units, with a COP rating of 2.3. The home con-

tained a single floor duct 10 by 38.0cm along the length o~ 

the home. There were 8 registers 10 by 19.Scm, 2 in the 

kitchen, living room and master bedroom and 1 in the bath 

and central bedroom. See figure 3.4 for the location of 

each register . Rated flow through the duct system was 

. 364 m3/s.* All return air was through a large vent in the 

i ·-~~~~\ ~'f .. t~: ; f _ _ufn~c: _ i(),C:~. ~ _: :. . . _ ----. \ 
1 . . I : .- -· · · · : .. · · . . . · . . 

I 

- . I 

Homes were insulated with.Rl4 fiberglas bats in the 

ceiling, Rll in the wal'ls ·, . and a combin~tion of Rll ·and R7' 

. .:.---- ·~-~ . ...in _the f.l ~or . 1 .....:-T--j!:p t G~:JJ..=:~J.a.Lb~e£.:ti . ; m\:9 :.are=-:g·i irkn··-;f;n::.:frgttre=-=-'--_J· t -I f 
--. ,___ ;-=-t---r • • I . . - T . r' ~ . -_---r . r . . . . ! - . . I - . -

: • *' • ! . : • t 1 ' • ] I ' . : • • • • - . .•• • -

. , 3:. S. - For , the caulked home the sheathing indicated in the 

figure is not ' present. 

Each home contained 17 windows of 4 types and sizes. 

Window dimensions are given in figure 3.6. The location of 

the windows in the homes is given in figure 3.4 and can be 

seen in figure 3.7. All windows have inside storm sashes. 

Figure 3.6 also gives the dimensions of the doors. Each 

home contains two doors as shown in figure 3.4. The front 

door (on the east wall) is equipped with a storm door. ~he 

rear door is not. 

* From manufacturers specifications. 
See also appendix D for measurements of flow rates and COP 
of air conditioners. 
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Steel Roofing 

Sheathing (south home only) 

Particle Board 
Plastic Film • 

Aluminum Siding 

~o~tinuc;:n.is , Shefit~inq. ·.(s.out·h :h.9rae_ 'an_ly'). ...: 
• . . . • r • • . • 

Fiberglass 

~ , . ' r • \ 

.._,,_ ___::.==:... ! .,--- - . llfIAAH'A11-· . t~:-- . ~.,,.._-_ . - 1- · --~ 

. I . 
' . I 

Air Space 

Fiberglass 

Impregnated Paper 

' •• ""8. 

t 
1 11 = 2.54 cm 

Figure 3.5 Typical sections 
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t Cracks on the outside wall are tho~e around windows 

and doors, joints between sections of metal siding, at the 

bottom joint of the home siding and at the top joint of the 

siding. Cracks on the inside wall are those around windows 

and doors, between sections of paneling, between the panel-

ing and the floor, between paneling and ceiling, between 

ceiling sections, and around electrical outlets and fix-

tures. Table 3.1 gives the length of cracks for each out-

side wall. The large front window was caulked around each 

pane so crack length was taken as th~t around the' outs~de 

• . I l • ,' ' , , ' ,, > ' , • '• , , " •• ' • ' ., 

frame: · ·~r ~cks in ~the. si.din_g'. on tl:ie sol;lth h.o~e ·w.ere· t ·aken ; 

as zero sin~~ the she~thing ~ould cover them. 

L . . . -· ·-· :.8-~}h " "ti._~_i::E:~ :. c9n,t?t~1:1e1 ~'? ! ~~.n~~~~ · -:_J~e. ~~ ; ~~ -~ ~ . __ . 
·kitctyen! ne

0

ar
0 

the elect~ic . ranJ e f i;r-i th~ · :r~ olr wall . of.' the' h'ame· ~. 

This ·vent had a cover which was pulled· clos'ed when t_he. vent · 

was not in operation. The second vent was in the bathroom 

ceiling. This vent was equipped ~ith a barometric damper 

which ~pened when pressure was placed against it. 

3.2 The Measurement of Infiltration 

Infiltration was measured using the decay, tracer gas 

technique. (For a complete discussion· of different methods 

of measuring infiltration see reference 52.) Using this 

method, a gas, the tracer, whose concentration can be easily 

measured is injected into the home. The gas is allowed to 

I mix with the air in the home. As fresh air enters the 

home, and air mixed with tr~cer leaves, the concentration of -
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Table 3.1 Estimated crack lengths 

Hall Type of crack north home South home 
(m) (m) 

East Window&door 53.7 53.7 
Siding 35.0 
Joints 40.3 40.3 

Subtotal 129.0 93.0 

South Window&door 12.7 12.7 
Siding 8.4 
Joints 8.5 8.5 

Subtotal 29.6 11.2 

West Window&door 43.8 43.8 
Siding 28.6 ----
Joints 40.3 40.3 

. . .. S'ubt'Ota,.l, 
1 

:l,.12. 7 · · .84. l ,· . f . . 
l . . -· . . . .. , - I . . _. - , ,, . . ·' . .. .. i 

. iJorth · " Window&d.oor . 7.8 · - 7.H
1 

. - . · - • 
1 

Siding 3.9 
.Joints 8.5 8.5 

::.-+ .. ~:-=-·- - - f ~ · >----'-~; :. k _ . -__ s_u.Q.tota l l ; ~a; 2: . . · • • . · _1_~ . L._

1
_._. ---· : __ 

r - . i - . : . ' . I ' . . ' . . . . . . . . . • . I 
' ' I ,- • • - , • ' • : • • . , - ' ' 

Grand Total Z91.5 2fl4. ·6 
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tracer in the home will decrease. The change of concentra-

tion of tracer at any instant in time is given by 

dC = 
-C. dV t + C tdV. in OU OU in 

v 

But 

p d\Z. = p. d\Z t 
0 in i OU 

by conservation of mass. Assuming: a) perfect mixing 

so that C. = C, and b) negligivle concentration -of 
in 

the tracer in the outside air, so that C t = O, then 
OU 

- • ' l 
~ 

-Cd\Z 
de· =.·· · out • 

. V- ! 
i 

f 

Infilt+ati9n,for this work, is defined as the amo~nt 

of air leaving the home per unit time, divided by the· 

( 3 .1) 

( 3. 2) 

.(3~3) 

·~--'-----:--t!---=--= ! -- ·'- - - I . ... . . -- -. ! . . • . • L·- - ' . -~- .:__ ·-' .. ~ .. - • L 1--- ----
~l vo lume of i t he· hom;;-r . : . . l 

I = ·d\Z dt /\Z' 

Since by definition d\Z = d\Z t' Equations l.4 and 3.3 
OU 

can b~ combined to give, 

Integrating with C = 

or 

dC = -Idt. c 

C at t = 
0 to' 

c 
~n~ = -I(t - t ) c 0 

0 

c 
I = 1 \>,n (_Q) 

t-t c . 
0 

< 

. ( 3 •· 4) 

( 3. 5) 

( 3 • 6) 

( 3 • 7) 
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Thus, by measuring the change in concentration over a fixed 

period of time, infiltration can be 'determined. 

3.2.1 The Tracer Gas 

The gas used as a tracer must meet certain require- : 

5 2 ) . h ld h . . 1 d . . . f . ments: a it s ou ave simi ar ensity to air, 1 it 

is not, the gas can produce buoyancy forces in magnitudes 

similar to those produced by stack effect, and the tracer 

will tend to stratify within the h~me; b) it should nqt 

condense or be absorbed by components of the home, or react 

::che,miqa:lly_f-'."~·th' apy_tli~J!:-9-~ir. ~~e ho~e '1 .. c). i ~· should . ~0-~ ~r .... f . ~- . . 

explosive; d) it should not be· produced in the home; e) - the 

-background 'concentration must remain constant throughout a 

- . ,:_ · - • i .._. .. . - .. .. - . . I . . . . . . . · ( . . .. . • 
-.-......, ----:- r it e s•t ,. ; :E+-!..i='f-4..ffe-,=h·~-:- I S - OCc'Ug>l.ea-, ·-J-t--= -IIp·J-Sr. :be. OQ0~l,e 5:$.--,-- ·nO.nl-; -· - - - - -• ! 

. - i • . · . _ . r . . . . .·. . ~ .. · . -· . . · . · · . .~-_ ·. . . · . - : -. · . ! _ · · 
irritating and non-toxic; g) it must b~ introduced in · ~mall 

enough quantities that ' it does not 'disturb natural airflow 

in the home; and h) instrumentation must be available to 

measure the concentration accurately. Carbon monoxide was 

chosen as a tracer because a) the homes were unoccupied 

throughout all tests, b) its properties .were very similar 

to air, c) it has very low natural concentration, d) it 

was readily available, and e) accurate detection equipment 

was available. (In initial phases of the research, SF 6 was 

used but was found to be difficult to use. See reference 

2. ) 

: 

I 

i 
t 
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3.2.2 The Sample Loop 

Since the tracer used was a gas, a sample loop was 

necessary to bring a sample of the air in the homes to a 

central instrument shed without requiring entry of the test 

homes. The requirements for the sample loop were: a) the 

loop had to collect a uniform distribution of sample air 

from the homes, b) the loop had to provide the sample to 

the detector in a reasonable amount of time so that infil-

tratiort measurement was not out of phase with weather 

: var~aqles , ; ahd ·c:r ·t).1.e ·loop, cqulQ. ·n'o.t ·r:'e'IQo've. samples 'so . 
. . • • • . . . • . ' • • •. . ' : . . •· . • t • . ·. 

large that the infiltration would be significantly altered. 

· · The sample loop ~onsist~d of· fo~r ba·sic parts. A 
. · · · • · , · 1 . · I . . . . · \ . . . . · . . 

~. -, --i-s-impTe l S-«:·h-:-e1-a-t-i-c--:t-S-: gtvr:trr I :ti17 fig u:i:e __ J :. h-:. . . ··c a; rb:efl=mef\EHi:i de·· i~--
. • ' • , . • : ; I • . . ! • . . • • - I . . . . . . . . . . . 

was injected at the sample station (1) in the instrument 

shed. See Figure 3.9. The injection was accomplished by 

opening an electrically operated solenoid in a supply line 

between the carbon.monoxide bottle and the sample loop. The 

carbon monoxide bottle was located outside the shed for 

safety reasons. The carbon monoxide then entered the 

sampling loop (2) where air from the home was continuously 

circulated. This sampling loop then dumped the carbon mon-

oxide into the return air side of the furnace blower, see 

figure 3.10. The furnace blower, which was operated contin-

uously throughout the tests, distributed the carbon monoxide 

to all rooms in the home. Air from the home was then 

collected from the home by the sampling loc? (3) and was 
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circulated to the instrument shed where the necessary 

samples could be drawn off at the sample station (1). The 

location of the sampling part of the loop in the home is 

shown in figure 3.4. This loop was a l.9cm diameter pipe 

with tygon tube connections. The loop was hung 30cm from 

the ceiling. See figures 3.11 & 3.12. 0.6cm holes were 

drilled in the tube every 60cm throughout the kitchen, 

living room and rear bedroom. The ends of the pipe were 

closed with a rubber stopper, thus, the entire sample was 

drawn throµgh the small holes. There were 7 holes in the 

living room, 6 in the kitchen, 5 in the rear bedroom, and 

~ne . i;n_ t~e . h~ll. ou.tsid~. · ~~~f ~·e~t:~t .b;d:oo~ .. · 
collected was weighte~ sligh~ly more · h~avily 

The . sampl·e · 
, . . . 

toward the 

rear ·bedroom With only a small pro.tiOJ'.l f.rom· the central 

~ . .; -.! bedrpom:.. · ; ~t . sho.u1~L.P.e - -pF i.ntea. o u t . that· tfa.~f.utnace _bbQ~r.-~: __ 
; . · · · · . · · . . .. · . · · · -. . · · -. · : . ! ·. · . · · I r r · · · 1 · · . r 

would cir.culate one --house - volume approximately ohce every . 

~minutes, so only small errors were· made iri not collecting 

the sample in a perfectly homogeneous manner. Air was cir-

culated in the loops by two small blowers, ( 4) on figure 

3. 8. See also figure 3 .10 and 3. 13. The time for 'one com-

plete circulation of the air in the sample loop was 60 

seconds for the north home and 120 seconds for the south. 

The sample loop was 30m long for the north home and 60m 

long for the south. Thus, the flow rate within the loop 

was about 140 ml/sec. The carbon monoxide samplers drew 

off 20 ml/sec. The remaining 120 ml / sec were returned to 

"-·1· . . ~ 
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the home. The concentration measured in the shed would be 

the same as the concentration of the homes 30 sec and 60 

seconds earlier for the north and south home, respectively. 

Shortly after the start of the test an automatic injec-

tor was added to the sample loop system. This automatic 

irijector allowed the injection of co for a predetermined· 

(and adjustable) amount of time, approximately once every 

ninety minutes. (The system was later modified to allow 

injection once every 2 1/2 hours.) This facilitated the 

taking of infiltration measurements over long periods of 

. , 
~ _'. i:i)n~ _. "Yi~11 no ~ Qne. p7~ _9e~t · ;to· ·~oniior; th_e _G0}1C~n.tra::~~IJ · _~,11.:_j_~- i- ~- · , -~· 

I I o o o . • 

the homes . 

-. - - ____ : ___ _ . __ }- : +-..: -- .- . : · .. . _3 . . 2_ . .3 _. ~r~c.er Me ~~~r~~e.n~t· j ; . __ - . _ . I _ ., 

To me.asure. the ·col"lcerttr'ati.orr~o.f ·the- carbon~- ~o·nbxJ..de l, i} . 
two ~nterscan 1142 CO.detectors were used~ one for e~ch 

home. (See figure 3.14) The output of these instruments 

was linear t6 within ±1 ppm (part per million) ·an the 100 

ppm scale . Zero drift was 1 ppm per °C. Span drift ' was 

. 1% per °C. The repeatability of the instruments was ±2 

ppm. Rise and fall time was 20 iec to 90% of full scale. 53 

The Interscan 1142 detector used an electrochemical 

cell with gas diffusion through the cell at a controlled 

rate. The carbon monoxide was then electrochemically 

oxidized at a sensing electrode. This electrode was main-

~ 
tained at a fixed potential with respect to a second elec-

trade, so that the current produced was proportional to the 
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Figure 3.14 CO detectors 
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concentration of the carbon monoxide. Electrical output 

was lOOmV. This made necessary a voltage divider so that 

the output could be read on a lOmV recorder. This voltage 

divider was set so that 1 ppm produced a .lmV input to the 

recorder. 

Two checks were made on the interscan CO detectors. 

Approximately once a month, the meters were set using a 

standard sample of 50 ppm CO mixture in air. A second test 

was performed by hooking both meters to the same home during 

an infiltration run. When the meters were operating 

properly both m~ters gave t he .s a me values of .infiltratiqn . 

a~d ·' ~;n.cen trat.io~ . . . r f ~~t ~ · fa·pp-~o.~r~~t·e . ~c~-io~ ~as . -~~~en· b~- :_ ."t · 

either req.djusting the meters or repairing them as ne~ded. 

· · . · . . ~ · . · I · . · .t • k . · · · · · ·· ,; . , · · .. · J .. J~me~t ;--9-~e-~r.-am~.~-:·--.-=r=:--[~--
•• • • • • ' ' • t _ • ' I • . t I I • - ; . . , 

To correlate infiltration against weather parameters, 

the weather parameters had to be measured. Measured were: 

a) wind speed, b) wind direction, c) inside wet and dry 

bulb temperatures, d). outside wet and dry bulb temperatures 

and e) s.olar . radiation. 

3.3.1 Wind Speed 

Wind speed was measured with a Gill 3 cup anemometer, 

model 12102. The Gill anemometer used a small d.c. genera-

tor whose output voltage was directly proportional to the 

rotation rate. The cup response was 1 revolution per meter 

of wind passage. The distance constant was 2.4 meters; 
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below this level the cup responded to only a percentage of 

the passing air. See figures 3.16 and 3.17. Threshold was 

.4 m/sec. This threshold was considered the friction of 

the system, and its effect was considered constant at all 

wind speeds. Thus, the wind speed measured would be the 

actual wind speed minus the wind speed needed to overcome 

friction (.4 m/sec). 
54 

The anemometer was mounted on a tower located on the 

north end of the south home. See figure 3.15. The 

anemometer was Sm above the ground, and was mounted on an 

a"rm _e:tt:erldi·n~ . 1°. ~ \vest of 
0

th~· to'we~. · Se~· f ·i .gur.e ··· J ~ rsf .. 
The voltage output from the ·generator was greater than 

permitted by the recorder. For example at 1800 .rpm (=30m/s) 

I 

I ' 

.. _ .. ! . . · -- _:_ · ~ - . ! · ' _: '·· ~· .·~~it~~~· · pivi~e·r. - lw~;u-~~ ~I 

so :th~t .'.<Tith 60 mph winds .the voltage- input to the recorder 

was 30mV instead of 2145mV. This particular anemometer was 

not calibrated (since it would not fit in the ~ind tunnel 

available) but comparisons were made against an· older meter 

which was calibrated in the wind tunnel. 

3.3.2 Wind Direction 

Wind direction was measured with a Princeton model 414 

wind vane. The wind vane was a variable helipot across 

which a constant voltage was maintained. The output, in 

volts, was proportional to wind direction, 0 to 2.6mV with 

0 = south, increasing clockwise. The curve was linear 

to within 1.5 % (approximately 5°) The wind vane was also 
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mounted at the top of the weather tower. See figure 3.18. 

The fact that the wind vane had two different voltage values 

at zero degrees proved a problem during the tests. With 

southern winds the meter was reduced to rapid fluctuations 

between 0 and 2.6 making it difficult to measure wind 

direction accurately. The wind vane was calibrated with 

a small hand held compass. 

3.3.3 Solar Radiation 

Solar radiation was measured with an Epply Black and 

White Pyranometer, which measured global radiation. Sensi

.tivi _tY . ·~rn·s. ll.7.3 _ J!l~crovolts p~r· ~1~~ .pe·~ fsq-qc;tr.e. ·me~er: as· 

calibrated by the factory. ··Impedance was approximately 
. . 

350. ohms. . Temperature· depen~ence was ±1. .5% ·cons'tancy 
I . ; • • ,' ' l • . t • . ' . . • ~ --. ~e:t:v-~-~ii .~2c ·~arl~~ 4 q 0 ~~~~!;"~~~~~£: ?~was ·.ti %-:-ff i: om .':o t CQ ~ 4 f ~· . -7-.. ·-; ~ 

. . 
watts per square · m~ter. _Cosine response was ±2% between 

0° and 70° zenith angle, and ±5 percent from 70° to 80° 

zenith angle. 55 The pyranometer was mounted on the weather 

tower as shown in figure 3.18. 

3.3.4 Temperatures 

Wet and dry bulb temperatures were measured for both 

homes and for outdoor air when the temperature was high 

enough so that the water didn't freeze in the psychometer. 

All temperatures were measured with 20 gauge copper - con-

stantan thermocouples, and psychrometers made by our own 

shop. (See figure 3.19) The temperatures were read on an 
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Esterline Angus Data Logger with direct voltage to tempera-

ture conversion. Each thermocouple had a one microfarad 

capacitor attached to filter the noise picked . up by the 

thermocouples. The thermocouples were tested in an ice bath 

and warm water bath (30°C) once a month. Thermocouples off 

by more than 1°C were repaired or replaced as needed. Most 

were wi~hih l/2°C. To provide a quick check of dry bulb 

thermocouples a mercury thermometer was placed in each 

home which could be read before a test was begun. 

The .temperatures were measured at the center of each . . . . . . . . I . . 
· h~·me' , · abou"t . : 9nt from the. fl~or· •. ; "~i;i:tsicl.e· ~temper.atu~es '. w·e·re · 

measured in a small sh~d neai the northeast corner of the . . . . 

. ~n~t:r~en.t~ ~~~? i t· · . ~m . a~-~- thf - ~round ." : Th_e . ·shed wa~ ope~ 
on· a11 · s·ides · to. ~ I 1ow" the f:r;ee f '£ i~f· a.t~: th-~o bgl:i: .~~¢ ·:· s fie.tr.'-}' ' -

• I I · j ' • ' 

See figure 3.20 arid 3.2l. 

In addition to temperatures at the center of the home, 

temperature profiles could be measured across each wall as 

f dd . . 1 h . .. 56 part o a itiona res~arc in energy consumption. 

All thermocouples were placed inside a plastic garden 

hose between the instrument shed and the homes to protect 

them from the elements. 

3.4 Data Recording 

All of the data was recorded on an Esterline Angus 

Data Acquisition System. The system was capable of measur-

ing and recording up to 100 channels, in 5 groups, 20 

channels each, from continuously up to once every hour. 
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Channels were scanned at a rate of 2.4 channels per second. 

The Esterline Angus had three ranges, l.OmV, 10.mV, and °C. 

The millivolt ranges were accurate to .1% full scale or 

SµV, whichever was greater. Each range was capable of 200% 

over range. The temperatures were measured directly without 

a reference water bath. All the thermocouples were attached 

to the Esterline Angus under an insulated cover. A 

thermistor measured the temperature of these junctions and · 

the Esterline Angus produced a compensating voltage. The 

temperature range was -118°C to 192°C. Accuracy was .2 % 

· q~t: ~ -~- ~-~le oi:. :-s. 0 c: . o~t~ut . fr~m ~~·.e ,~~f~r~i:-1~ 1~~~~ _wa.s· ;in: 

both paper tape and 8 channel p~nc.hed t ·ape. Th.e ·pape; tape 

. could. be read direc'tly, . the punched tape was · read py the ' 

·· ..• __ ( . . 5 7 .. ·.·~· . . · I . · · 
....---~-~em~er; · ·-·· Sse · - e-"-3:-:- 2-2-~ -, -· --· -· - '-~ · - ; · ! ..... _;.. _ _, - ' . . . ' . . I . . • I . l ' 

• • • •. 0 o o • llt • o I I t 0 t 0 • • o o ' ' 

Information was· recorded on the following. channels':· 

00, blank; 01, wind speed; 02, outside dry bulb temperature; 

03, outside wet bulb temperature; 20, CO concentration south 

home; 21, wind direction; 22, south home dry bulb tempera-

ture; 23, south home wet bulb temperature; 40, CO concen-

tration north ·home; 41, solar radiation; 42, north home dry 

bulb; and "43, north home wet bulb. 

3.5 Electric Consumption 

Electric consumption was measured by keeping a daily 

log of the energy used for each home. Each home had a 

kilowatt-hour meter with a KH value of 7.2. K8 =Watt/ 

Revolution of meter disc. Using the above information, the 
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electric use at any instant could be measured by timing .the 

revolution rate of the meter disc. 

. . 1 
• J 

-·-- -. r ... _ .... -.... ,.__c._=t. · -.. - '--~ ~r . - ~ 

See figure 3.23 . 
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Figure 3.22 Esterline Angus Data 
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4 EXPERIMENTAL PROCEDURE AND RESULTS 

4.1 Infiltration Measurements 

Infiltration measurements were taken for a period of 

11 months, from December 7, 1976 to October 29, 1977. Data 

collection was done over 5 distinct periods: a) winter, 

homes were unskirted and heated; b) spring, the north. home 

was skirted and the south was not, both homes were heated; 

c·), stlmffier .r I\ J:tomes ·W~re Skir:tgd·, an:d . _ai,r 
.. ; "I . . t ~ '"' '; :-- 0--- t • • - ·~ . 

summer II, homes· were unskirted· and ·a ir 

cqnditio~.ed: ; : .d)", · 
• • • .. • . ! ~ : 

conditioned d) fall, 

sheathing was r:emoved from ·the south home·. . During the fall 

I 
- - I 

·_ ·. ~· · ·-·:tl"te< home-~-'wtl re : a 1 t.er~ti,hf' s kc-4-.rrra· -·andj. vm.pk.ilrte&-, .. · jiL" onn-'"; · __ ,_--=~ · 
. - . . ' . . . . . ! . . . . . : :-1 . ; . : . . f ! • . . ; : : . . • ' .. • - .. 

ditioried and heated : See T~ble 4.1 for signif~carit d~tes - in · 

the project. 

4.1.l Data Collection Procedure 

Data collection could start at any time of day . . The 

first step was to prepare the instruments and home for the 

test~ including several safety steps. First the homes were 

checked to make sure they were unoccupied. The homes were 

then secured and danger signs were posted. 

The carbon monoxide meters were zeroed, connected to 

the sample taps and the sample solenoids were opened. The 

valve on the CO bottle was opened, and the regulator was set 
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'ral.>le 4 .1 Schedul e of setup changes 

:event Day number Date 

SF6 sampler set up. . . . . . . . . . . . . . . June 1976 

CO sampling set up. . . . . . . . . . . September 21, 1976 

new sampler set up (North hor.le) . . 316 . november 12, 1976 

New wind meter ins talled. . . . . 324 .. November 24, 1976 

Replaced detector cell for south 
sampler . 341 . December 7, 1976 

Skirting ~n north hor.le .. 71 . ~1arch 12, 1977 

South sampler sent back for 

~ki~ting, pn ~outh hofue. 
11 « .. \ 

" Air conditioner started 

South sample·r reset . . 
. . 

repairs . 7 6 . March 17, 1977 

. . .. . . . ~ ... ·1):8 f •• ~ • _Apr:i.l ~28;:197.7. 
. . . 118 . . April 28, 1977 

13 0 . . ~ . . · .' Hay 1 0 ,' 19 7 7 

I . . · 1 . . I . . . 
~ _--:. 

1
· ·• • ~- """-: · 1 ~ ~ l . · . ~-: : d"lTfy tri-;-='.&7:T. .--;--~ 

• • ' , I • 

" · ~d rt i h~· .· f= ~ : · • +- •l:i=~n:tes · .. ____ . .· . ~ . . . 
. . . • I , • .. . 

0

Detector . celi·· bad north 
. . 
sampler • ·206 . . . July 25, 19.77 

H.epla·cecl detector cell in north 
sampler . 220 . . .August 8, 1977 

Detector cell bad south sampler . 237 . . .Augu.st 25, 1977 

Replaced detector cell for south 
sampler . 238 . . .August 26 ,' 1977 

Sheathing off south home. .. 247 . September 4, 1977 

Skirting on north home. 281 . October 8, .1977 

Skirting on south home. 289 October 16, 1977 

End of data collection. . . . 302 . . October 29, 1977 
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t to 10 psig. Carbon monoxide was then injected for approx-

imately 90 seconds. This would give CO levels from 120 to 

130 ppm. Next the wind direction indicator was turned on 

and zero'ed. The Esterline Angus data logger was· set to read 

the correct channels for concentration and weather para~ 

meters, and the automatic reinjector system was set. Time 

settings chosen for reinjection were from 30 to 50 seconds 

depending mostly on wind speed. During the summer, it was 

found that reinjection could take place at much longer 

1 
~ntervals, 4 to. 6 hours, ~nd the aut~matic reinjection . . . ~ ~ . . . . . . 

. ... I . system w.:3.s 'rto long'er-·tis~~t . ; '.W:i,..th :t)ie· re l.njEic:tor: set-; -·t.he : 
! 
I - -

time period for data collection was chosen, 5 minutes for 
' - • t • 

- . 

_.::.-~ i --. f 
winds under 7 m/ s, 2 .minutes for higher wind speeds. After . 

' - - -- • ! _I . . 0 • ; -.-' : ·- -·· ~-·-~·-Cf ' - •w;. !---· _ _ · ; : ,_---=--. .:.. t - · 0 - ·- . -· - · _ ·_· 0 I l I =f--

th e · flrst f~-~me al t data: had be'en. ·pririte.d, :it f wa ~. ·r'ead and . .' · : ~ . 

checked . for correctness. The paper punch ~~s · started, andthe . . . 

Esterline Angus was set to send the data to the paper punch. 

At this point, the operator was free to leave for as long 

as paper quantities in the Esterline Angus and paper punch 

would allow; up to 24 hours . or more, if the automatic 

reinjection system was used. If not, the operator would 

have to return every 4-6 hours to reinject manually. 

Carbon monoxide levels were usually kept in the 50-100 

ppm range. Should the automatic injection system over 

inject, it was equipped with a level switch, which would 

close a safety solenoid in the injection line when even one 

9 of the homes reached a level of 200 ppm. 
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Before the operator left, two other small chores were 

performed: he read the kilowatt-hour meters, and emptied 

the condensate collecting cans. Condensate was collected 

as part of a te&t discussed in appendix A. 

Upon returning after each test, several jobs were 

required of the operator. First, the CO meters were dis-

connected from the sample taps and fresh air was run through 

them for several minutes. The valve on the CO bottle was 

closed a~d the automatic injection system was shut off . . 

The Esterline Angus was set so that no further data would 

qe taken. The p~per .'.t~~~ i pu~.c~ · ~a~ . turr:-e~· ~f,f . · .,-T~~ ~ind 

direction meter was ~ s~itched off. The CO meters were set 

to ·zera position and the drift of the z~ro reading ·was read . . - . . . 

and .·r $corcll.
1
·e.d •. : ... <J;:he t . .3.Pl?.S· w_Eire . ~~mo.v~d. f :r;orri_ i;:lf.e .Esterline. "- . ..: ._. · , .. 

. --.- . .. . -- - . . I I . - - ·-·-;--~ · ·. : . . • · . . . • · . l . . . • . ·· · .. · • ' ! . ." · ' r • I ' • f 
Angus an.d the paper- punch and labeled. The l abe.l cons is ted' 

·of the number of the day in the year and time in hours 

when the run was started. Also recorded on each tape were 

peculiarities such as rain, or snow during a run. Later on 

in the tests, it was realized that south winds could not be 

measured correctly so this was recorded also. 

At this point, the operator was free to leave, or to 

start another run. If a second run was started only the 

steps taken above to rezero and reset the instruments would 

be required. Danger signs were removed from the homes only 

if the final concentration of CO was less than 50 ppm. 
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4.1.2 Data Reduction 

At this point in time, the punched tape was rewound, 

then taken to the computer center and submitted at the 

operations desk. After the tape was taken to the ta~e 

readers, it was read onto cards which were used later for 

further data reduction. All computer programs used for 

data reduction are shown in appendix B. The computer 

printout of the data was then checked ·against the printed 

output from the Esterline Angus for correctness. This was 
. . . . . . . l . 

·. r ,eql.).ired . })~cause .of ~errors . in reading. th:e tape and·in tfhe . . ~ . ' . . . . . .. . . ' . . . ·-! 

tape itself. 

~ith· this done ~ ail. concentra~ion ~ata " points abo~e 
. . l . \ 

---~---~ 1"~ppffi- l·we~e ·~1~d: , "tA~:Ufa.r··'"ti~·g· -qfj c::,-n-·c-e.n--~rat~·~ri · .: ~ __ : :-'~ ~ ". ! 
• .. .. • " • . , • ( 0 • • .• • • • • • • . ~ • • •. -

against time. Below 10 ppm errors became extremely large 

and the data meaningles~. A typical graph of the data is 

shown in figure 4.1. Almost irn.rnediately it was seen that 

certain sections of the data fell on straight lines. Since 

both homes had similar responses at the same time, it was 

concluded these changes were the result of a change in 

controlling mechanisms rather than equipment error. These 

sections were then chosen by hand (see figure 4.2.) and the 

starting and stopping points were punched on data cards 

which were used with the data reduction 9rogram (Appendix B) 

Also note from figure 4.2 that data reduction did not start 

with the first concentration data points. A positive amount 
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of time was needed for the mixing of the CO in the homes 

and for the stabilization of the CO meters. Mixing took 

about 10-15 minutes. Stabilization of meters could take as 

long as 30 minutes when the CO meters were first started. 

The meter on the south home, which was older, usually took 

longer to stabilize than the meter on the north .home. 

The data reduction program (appendix B) fitted the best 

straight line, 1nC = 1nC - It, to each of the concentration 
0 

curves for the preselected time intervals, to find I. The 

p~osrram t.~~~ _,ve~~~:d} ~~~ ~~at.~~r ! da_t: . f~r the . . s~~e ·: t.ime 

pe-riod, ·and 'found the error~ in the values of I and the 

standard deviation for each of the ·weather par:ameters. If 
I ' 

t I • • r .}~f_f~!:-r: t ~i~j._:it;~!_~~a~-~ ~:~~e:-~e,~:t~ ;.~~f,u!::c:;e __ t~ ..::.~ .w.a.s__, • • • 
, I · . 1 • • • i · , · . 1 1 r • 1 • • I · · · l 

· required· ?'omet imes by -e rrors' . in t tiei \nea s ur e ments, :t h e · · · 

longest ~im~ period was used to calculate ·the average. of the 

weather parameters. Wind direction created a special 

problem in the averaging routine. Wind direction could take 

on values of both 0 or 360° for south. This was handled 

by comparing each new point with the average value of the 

previous points. If the value changed by more than 180°, 

360° was added to the new point if it was low, or subtracted 

if it was high. The values calculated by the program were 

printed and punched. Th~ printed values provided for direct 

evaluation. The punched output was used for further statis-

tical studies. The complete set of infiltration data is 

I given in appendix C. 
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4.1.3 Error in Measurements 

Errors in the measurement of infiltration could be due 

to a) incomplete mixing of the tracer or b) errors in 

measurement of tracer concentration and time. 

The assumption of perfect mixing could result in val-

ues being too high or too low. The two extremes might be 

a) . the fresh air enters the home and drives out the air-

tracer mixture in the home without mixing ~ith it or b) the 

fresh air passes through the home without mixing with the 

·a:U r;-t racer. ~ixtture· in the .home. 
... -· . f .. ---J . . . : ~ ~ -.. . . ~ ' ~ 

In · th~ ·first· c·ase all of 
... ~ . . - --· . . - ·- · ·. 

. . 
: the trac~r would be gone in one air chang~, instead of 

being reduced. by · 6 3 % as otherwise predict~d .. In the second 

I ' --- ce-5'€7 ' • ,-- ' I fie-( :i:-iyf--± ~Ua-ti:.;o.n::+w.~~ b 'e-- nie b s )']re d.:.._ ~~e - re·fe re'n ce Q h=i-1---· . . · 1 r : . . , · .. 1 • • 1 • • • • • .. , . ..; . • • : 
· . _ . • · I I ._ , __ _ , . • - - . . . - ,· . . . , o · 

complete discussion. While both of the above extreme for a 

cases were unlikely; similar types of .errors at small mag-

nitudes were possible. Examples would be areas of high air 

flow due to infiltration and dead spots due ·to air trapped 

in closets and drawers in cabinets. Hitchin (in reference 

5 2) and Prado found that assuming complete mixing was 

generally acceptable. 'Any large errors in incomplete mix-

ing would have been seen in that the natural log of the 

concentration would no longer produce a straight line when 

plotted against time. 

Little error exists in the measurement of time, , where-

as considerable error in the measured concentration could 
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result due to zero drift and nonlinearities of the equip-

ment. 

Finding the possible errors due to nonlinearities and 

zero drift was a problem in that they co~ld not be identi-

fied directly. Zero drift was measured after each run, but 

that drift occurred nonuniformly at any time over the run; 

the maximum rate of zero drift was not determined. Dur.ing 

one particularly long run, when the homes ran out of CO, it 

was noted that zero drift usuaLly occurred in one "direction 

over a period of about 2 hours, and that zero drift could 

occur .in b.oth . ~iJ;ec~i·o!1s : d~r.ip_g.?ne .i;est~ · _: rn :~::-cler .·to .·. 

~e~e~mine th~ m~x~mu~ error in . I ~t~ributed t~ zer~ ~~ift, 
the as.surnption was made that the. error in· measuring an . 

. _, . ·. · _: · ·._lii._df v:i: duaLco~ce~tr.a:t:.~1e.ve-'1 · ::if~~ 
- ·, r ·.'-1 - . • • • • : • • i • • . . ! 

. . . , . . . -, I ·- . 
l.: li-j-eel51Pn=}~rgi veii -bf . - I . I; I . . . • I • • . 

) 

• I • ' • • 

E
6 

equal to . the zerci drift . . 

Defining the error in infiltration, E. I as the differ-
1. 

ence between the true value of infiltration, I, and the 

measured infiltration, I , divided by measured infiltration m 

E. = 
.1. 

which reduces to: 

1 co 
I - I tQ,nc -E 

m _ m c 
~-I-- - I 

m m 

E. = 
.1. 

1 
tI m 

cm 
inc - E 

m c 

1 co 
- ,Q.n
t c m ( 4. 1) 

( 4 • 2) 

Errors calculated this way generally overpredict the true 

errors involved. 
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-The zero drift was measured after each run. Based on 

it, and using equation 4.2, the expected errors could be 

determined. Selected ones are given in Table C6. Given 

also, are the standard deviations of the weather parameters. 

(Comparison of the expected error to data scatter is shown 

in section 4.2.4.) 

4.2 Results of Infiltration Study 

Overall 885 infiltration points were obtained for the 

winter, spring, and summer. Another 162 were obtained for 

fall. Of these points, 360 were for a skirted north home, 

20·2 . for a ·~kirted south home. . ~ . . ":\ l . . - ... . . . . - · 1 . . 
4.2.1 Wind Effects 

Almost . immediately I the. effects of winc;l upon infiltra-
. . • . . i . . . . . . . . l . . . , . . l . . 

~-· ..:.__.__-=-._\.--=7 .- -tio~ b~~~me ~bp~en ~ In · ti~;e -:-tf:.hnhltlr ation ·ana w~nti· :- · -~ 
. . . . . . • . ' • i : . • . • • .. ' . 

.• · - - -l 
l 

speed are shown for one .run. The infiltr~tion ' follows the 

wind speed fairly well. This plot is typical of the data 

tak~n. Figure 4.4 shows the effect of changes in wind 

speed (increasing from 2.4 m/sec to over 8 m/sec) as well 

as temperature difference (decreasing from 20°C to 10°C). 

During·this time, infiltration increased from .13 to .83 

and from .33 to 1.50 for the south and north homes, respec-

tively. This larger dependence on wind speed than on 

temperature difference can be seen. But, as data collection 

proceeded from the cold winter months to the warmer spring 

months infiltration rates at comparable levels of wind 

speed steadily decreased, indicating a dependence on 
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temperature as well. Since the effect of wind on infiltra-

tion was much larger than temperature difference effects 

the effect of wind speed on infiltration was examined for 

different ranges of temperature difference. Ranges of 

temperature difference chosen were always less than 10°C 

and usually 7°C or smaller. Ranges were chosen so that 

sufficient data would be available in each range to produce 

a good plot. As will be discussed in the next chapter, the 

effects of skirting were small so all the data (except fall) 

was included in the graphs of I vs. W for given ranges of 

.cl ·· . . G~af~s . are. ~rese,nt~~ .in . f~~:ir:es 4 ... 5. ~· 4. ·~s~ · . From j:he 
' • : ~ • .. • 0 - ' : • • --· • ; • • • • • - - • ' : , 

graphs, it ·can be· seen that . a) the irifil tration rates ar'e · 

mu.ch higher in ~he north home, b). · the . depend'ence . is not 

~i-~e.a.r,.' pl,lt ~a·n f 9~r~:,re~-~ !?_t1~ :b~. _ a._ .:?_9Y.~;r~~¢i. !_~.r(n __ i .n ~'- -~~d . 
. . . . . . I j . . . f . I . 

c) the skirted and non-skirted dat~ ~all On the s~~e gener-

al curve. · Each o·f the curves was fi.tted · with ·the equation 

2 I . =A+CW. ( 4. 3) 

The coefficients are given in table 4.2 along with the 95% 

confidence interval. (The 95% confidence interval is the 

interval that has a 95% probability of containing the true 

value of the coefficient.) 

4.2.2 Temperature Effects 

With the wind effects determined, the next step was to 

find the dependence of infiltration on the temperature 

difference. Since the effects of wind were much greater 

. . } -' -bl 
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TaLle 4.2 Coefficients for I= A+ cw
2 

'I'er.1pcra. tui_-c r.J.n9e North houe 

'I' 
h 

'I' 
Q, 

A EA c 

-18 -9 .126 .0224 .0162 

-9 -7 .163 .0355 .0153 

-7 -5 .109 .0347 .0191 

,- -2.5 .126 .0328 .0145 
-:_) 

-2.S 2.0 . 14;3 . 0_4 4 8 .0156 

2. 0 9. 0 .177 .0893 .0124 · 

9 16 .195 .0679 . 01 Tl 

16 23 .324 . 04 36 . 01ue 

23 30 .347 .0444 .0226 

30 37 .403 .0697 . 0253 

37 44 .446 .0676 .0251 

Units 
Temperatures--°C 
A --cph 2 2 
c --cph s /m 

• I 

.· :l_ 
\ 

. L . . 
EC· . A 

.00104-' .101 

.00132 . •. 107 

. 00262 ' . 09 0 .. 

.00073 · .072 

. 00199 .102 .. 
• 00179 I .102· .. . 
.0013.7 .202 
. 0018 8 . .207 
. 00207 . . 216 . 

. 001 ~n . .-. .268 

.00290 .303 
·-··· 

· 11 . ! 

·1: .. 
. . 

. ~ i 

. I 

~ r . 

· .. Jl· 
I 

' . 

South home 

~ . 
c 

.0117 .00711 

.0183 .00746 

.0103 .00761 

r 

. . 0152 .00711 
.0234 .OOf:51 

.. . 036 2 .00711 

.0378 .00686 

.0249 .00916 

.0186 .01231 

.0328 .01101 
.. . 0352 .01386 

• 

Ee 
.000520 
.OOOf>91 
.000576 

.000337 

.001381 

.000716 

.00064t 

.000526 

.000811 

.000811 

.001321 

00 
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than the effects of temperature difference the effects of 

wind had to be eliminated. This was first done by looking 

at o~ly conditions with low wind speed and later at specific 

values of wind. Originally, attempts at finding tempera-

ture dependence by turning off the heating elements of the 

furnace and allowing the temperature of the home to drop, 

changing the temperature difference were conducted. This 

was done by attaching switches to the furnace thermostats. 

The switches were turned off, effectively disconnecting the 

thermostat from the furnace. Such runs were made on days 

. f 3~0 ·. ~·n~ ~51, ~8. ~nd1 3.9_. : .T.h~ :p.l.ot of ~h~ . conc.~nt.ra~i~~ 
· · values for· cfay ·· 3.SD ·is shown : in ··f..i:g:uTe 4 .-16·. ,.'._ Infi1tratioh · . . . . . . 

--·-.-~~--

values of day 350 ~nd 39 with winds less than 1.8 m/sec are 

plotted against .6T in figure 4~17. · An increase 'of I ·with 

:T-. ~~ ~~~~~:.-: · oay~ ; i-9 ~d- . ~s t' j~~e· ri; t 1 ~·ibtf~~;~ .the~if1"6 1 i~r . ! 

' 

' I • • ' • -

winds effected :the· data sufficiently that the temperatUJ;e 

dependence could not be seen (table Cl) . 

To determine the effect of temperature difference 

infiltration data with wind speed less than 1. 4 m/s was 

plotted against temperature difference. The plots are 

given in figures 4.18 and 4.19. From these figures it can 

be seen that: a) the dependence of I on 6T is approximate-

ly linear, b) for low values of W, I depends on j6Tj not 

~T, c) the infiltration values do not go to zero as 6T 

goes to zero even for low wind speed, and d) the infiltra-

tion rates are hisher for the north home. In figures 4.20 

and 4.21, infiltration is plotted against the absolute 

- • • 'l' o • 
. ! 

f 

-.1· . -=;t~ • ~ 
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value of temperature difference. A curve of the form 

I= A+ Bl6TI was fitted to the data and is plotted in 

figures 4.20 and 4.21. Best fits were 

IN = .088 + .0097l6TI ( 4. 4) 

and 

IS= .071 + .0049j6Tj. ( 4. 5) 

4.2.3 Combined Effects of Wind and Temperature 

~h.e . rt.ext· ste~~· ~1a.1 e~ . ~in~ . ~~e . . c.oz:ib~n~d · .e~t:e~t ?F. \'['ind .. 

and temperature. Pl~t~·of . infiitr-atio~ vs. b.T fo~ 5<'W<6 in/s 

· are .given in figure 4.22 and .4.2,3 • .rt can .be s·een tha·t 

• 

!9f""Z-...:..._ ! _,, ·- 7" e ·V:en~ .a~ - hj,'~'tVinds, )r;i-fi-l "t:ra t..i .on. '. i 's .. s~t~- Femp_eratJ.:1.r~_de.p.e~~ - I . ~~ 
• • • 1 • • • 1 • • • • 1 • 1 I . r . 

o • ' o • t > • • .' t o & "' o o 0 : ~ ' • ' I 0 t 0 • 

·e 

dent. The deperidence on 6T an~ W combined can be partly 

obtained by modifying·the coefficient ·c of equation 4.3 

and making it a function of 6T. The corresponding function 

C(6T) is plotted in figure 4.24. Best fits of C against 

6T and j6TI are also shown. The fits against j6TI are 

clearly the best for both homes. These fits are given by: 

CN = .0140 + .00030j6TI ( 4. 6) 

for the north home and 

cs= .0060 + .0001816~1 ( 4 • 7) 

for the south home. 
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Note that A, from equation 4.3,represents infiltration 

with no wind, and that equations 4.4 and 4.5 give ~he infil-

tration for low wind. Equations 4.3, 4.4, and 4.6 yield 

IN . = .088 + .0097l6TI + (.014 + .00030ltiTIHJ
2 ( 4. 8) 

and Equations 4.3, 4.5, and 4.7 give 

Is= .071 + .0049j6TI + (.0·05 + .00018itiTi)w2 (4.9) 

These becam~ approximate relationships based on limited 

data to be refined based on the entire set of field data . 

. 'I!hey . ol·ear1.y _. sl;low.: . -~) · __ a , -.sql;lak.~ . depetv"<:~~ce . cm W, .b) . ~ lin~at . . , 

dependence on LiT (partly explained· in Appendix E.) and c) 

the consistently iower infiltration iates ·for the s outh 
' . . 

l - · . - -- • 

h,ome. · ' : 
- .. , ·-- ----;--;~=--~.:.__..:___ . >> ·- - __ ,. -- • • • 1 :--- ·r ~'._ ____ . 

; . • . . f 

4.2.4 Correlation of -Infiltration to Weather 

With the approximate dependence of infiltration on 

wind and temperature difference determined, the next step 

is to find the best fit correlation for the coefficients 

using a least squares procedure. To do this, two library 

programs at the Purdue Computing Center were used. Both 

were part of the SPss 58 (Statistical Package for the Social 

Sciences) library. When the best fit equation was linear 

in the coefficients to be fit, the linear regression rou

tine was used. 59 This program was simply~ least square 

routine written for more than one independent variable. 

For equations that were nonlinear, the SPSS nonlinear 
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regression program60 was used. This particular method 

uses an iterative technique to find the smallest sum of 

squares of the error. See reference 61 for a complete 

discussion of the method used. 

The programs' output included the coefficients for the 

model, estimated error in the coefficients (95% confidence 

interval), the R2 value, and standard deviation, s. 

Correlations were run for both the model derived in Equa-

tions 4.8 and 4.9 and alternate models. The alternate 

mcde).s wer~ based partly ~:m empiric.al results (such as 

Equc{t·i~riJ · 4 ~ ~ ,'a~d . 4' .. 9l" . ah<l' o~ ·~h·y~i.c~i .£n tui_ti:~rl · .(· s~ee . 

Appendix E) • No _single phy~ical ~odel appears .to f~lly 

--~ · ~- . :_d;_~ -~~r~b:_ _t~e . ~~~i.l~~~t~on_ ~~~~=~·l. - ~t1: ~~~ _ho~~~ .:~~ ·- . ~ 
'pos'sible' correl ·~tion•to . th:e ! ~at_a boJ 1d e'xhibit -' the · v_alidity: 

~ 

of different ·models, some of which are explaine<?- late.r in 

the chapter or in Appendix E~ Results are presented in 

Table 4.3. Let Y represent the dependent variable in ques

tion, Y the average value of the dependent variable, Y 
the predicted value of the dependent variable and n the 

nwnber of data points. Then 

2 n ? 
R = ( l: (Y-Y) -

n n 
E (Y-Y) 2 )/ t (Y-Y) 2 

i=l i=l i=l 

A simple way of expressing R2 is that it is the fraction of 

the deviation from the mean value of the dependent variable 

explained by the correlation. The standard deviation, s, 

is given by 

-:=r:= .. _ -· . i 
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•rable 4. 3 I1odels of the <la ta 

.· .. 
·1· 

\ 11 

.I- . . 

I~orth home 

Equation Re ·.ults .. 
nur,1ber I 

4.10 I = .020(±.0402) + .012(±.002·~ l· fl:ITj + .Ol9(±.0020)w2 2 
I . : + .D00097(±.000086)lllTIW 

mi 4.13 I = .025(±.031) + 967.(±112.). + 5.83(±.22)W2 

. . T 
~ . o 0 

4.14 1 = .035(±.043) + .012(±.0020->-r t:1TI + . • 019.(±.001anJ2 
2 .. + .000113(±.000077)W l:IT 

. r 
4.15 I= .20(±.020) e . o 1 7 ( ± . o o 2 o) ll '.1' __ )_ ( 1 • . + . • 071 ( ± . o o 8 7 ) w2 ) 

4:16 I = ( 9 6 9 • ( ± 1 Q 5 ) ~ + 6 •. 12 ( ± _. I 2 ni ) • 9·5. ( ±_ • Q 5 Q ) 
'1'. ·r ! T· 

1 0 . I 0 . 
2.1 I = .170(±.0054) (4l:IPT + /2l:IPyj 

)./2 
I . 

. r 
4.17 I = .0444(±.00096) (lOl:IPT' + ~PJ :). 9 o 

: 11 

. . 

,. 

R2 

.893 

.896 

.894 

.886 

.896 

.747 

.878 

-

s 

.177 

.175 

.177 

.103 

.174 

.272 

.188 

\,!) 

""" 
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Table 4.3, cont. 

South home 

Equation 
nuILlber 

4.10 I = 

4.13 I = 

4.14 I = 

. : I 
. . .f . 

1esults 

~026(±.019) + .ooao(±.o~+rn> l~TI +· ::oo97(±.ooo93Hv2 
2 =-r. . . + --000033 (±. 000038) I ~TI w 

.034(±.015) + 599.(±5J.»~- + 2.·9.~(±.10)W2 
·1.-To ' . . T 

.034(±.020) + .0076(±:oo _-~3lf4TI · ;.-.0093(±~00090JW2 2 
. ., I . + . : 0 0 0 0 4 9 ( ± . 0 0 0 0 3 6 ) w ~ T 

4.15 I = .14(±.010) e.Ol 8 (±.00lB~~~' ( i.. + ~O~l(±.0019)W2 ) 

4.16 I = 

2.1 I = 

( 5 3 9 • ( ± 5 9 • ) ~ + 3 ·• 0 8 ( ± ! 11 » w 2 ) •. ~-7. ( ±. 0 4 0 ) 

T.T --r T l 0 . 0 

.097(±.0023) (4~PT +· n~'!;>; )l/ 2 

4.17 I = 
1· 

• 0 2 4 7 ( ± • 0 0 0 4 1 ) ( 1 0 il PT + ~~-r.-W) • 9 O 

' . 
I . 

• I 

R2 

.908 

.909 

.909 

.894 

.912 

.809 

.909 

-

s 

.0893 

.0889 

.0890 

.0957 

.0871 

.128 

.0885 

U.I 

lJ1 
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fa~ (Y-Y) 2 

=l s = n-v-1 
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where v is the number of variables used in the predicting 

equation. The higher the value of R2 , the better the model 

fits. The smaller the standard deviation, the smaller the 

error in predicting the dependent variable. 

The first model tried was similar to equations 4.8 and 

4. ·9: 

I = A+ Bl6T[ ~ cw2 ~ D[4Tlw2 (4.10) 
. . I 

• • + • • I 1 

·The 
. . . . . . . . . . . . . I . . ~ • ' . 

second' model is based · oh the equations· . for pressure. 

difference que ~o wind and temperature difference: 

I , -· , i ···- ~-~r-=- . 
• I - 1 ; '• • ' • .· 

('F "-1-) ·-- 1 . r • ·• .L - ' • I . : . . 

6PT 
' l ( 1 ·_ -) = 3460h T Ti 

0 

(4.12) 

Taking the absolute value of each term and adding, we get 

an equation of the type 

I = A + Bl6TI cw
2 

T.T + -
1. o T 0 

(4.13) 

The third equation is a simplification of the second, 

where one no~~s that 

1 1 1 (1 6T -1 
m- - T.-0.T - T-:- - ;r,-) I 
J. 

0 1. 1. 1. 

which when expanded with a binomial expansion (neglecting 



. . 

higher order terms) yields 

1 = 1 
T T. 

0 l. 

(1 + 6TJ 
T. • 

l. 

Substituting into equation (4.13): 

I = A+ B ID. T l [.l + 6T] cw2 
[l + 6T] + --

T.2 T. T. T. 
l. l. l. 

l 

Since T. = constant this can be rewritten as: 
l 

r = A+ BID.Tl + cw2 + ow 2
6T 

97 

(4.14) 

where. the ·I L\T l-6.T t r rm ~~s , ne~lec~ed du,e . to. its smal.l siz.e. 
. 1 ' .. - ; • , .. . - . - ~ - -- --: • ~ • . • . . .. -- -... 

A casual i nspection of ·some of the data . in Tabi.e .2 :1 

-sugge·s17s that possibly 

ar 

. . 

-- ·-· - ~ .. .:__ · ·- -~-! .. - ·--- • ~ trf ._: . . __ . _r ___ • -----· "-'· -·-· -- ---~----- : . • ~-·• I - · -·• 
·~ 

Let 

Then 

from which 

-----c-onsr;---:- I . . . i I ' . 
~ 

I= ¢(6T)r2(W) 

d~ 
d( l T )/ <t> ::: c, 

¢ = <Ii ec6t 
0 

I t r • · -: 

where ¢ is the infiltration rate when 6T = 0. From the 
0 

parabolic dependence, 

? 
Q (W) = A' + B'W-, 



t 

t 

hence 

or 

I = ¢ ec 6t(A' + B 1 W2 ) , 
0 
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I = Aec6t(l + BW 2), ( 4. 15) 

as used for the fourth model. 

The fifth model is a nonlinear function of the pres-

sure differences due to wind and stack, 

{.A It.Ti· + :Sw\ n ~ · . . f ' ' 
"I "= ' , ('4. 16) 

T. T T . · 
1 0 0 

. It is. _a :slight modificati·on of the second model where. no.w· 

~ L~ ,_t .l}e ·exp~nertt : . r( .. iS-fo.und, f.ror . a-leas t-- ~q-ura:ce..-f.it · a§.'.- We~· as---· '--·- -
1 .-------:- . . 1 . • • • • I . ·. . . . ... I . . . . 

. . . the. valu~s . of A an:d B:. 'I'he pr.im~r~ r·~a~o~ for . usi~9: this . 

model was to check on the assumption of linearity made in 

the second model. 

The last model tried was that suggested by Reeves, 

McBride, and Sepsy at Ohio State (reference 18 and equation 

2 .1) 

It gives poorer results than any of those previously 

tried. It does have the advantage of having only one 

fitted coefficient. This makes comparison of different 

data sets much easier than a model with three coefficients. 

The model is semiempirical. The ratio of infiltration 

caused by wind to that caused by temperature differences 

and the flow exponent were based on previous experimental 

work as well as theory. With this in mind the model was 
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modified based on the present· data to give instead 

I= A(l06P + 6P) . 9 0 
T W (4.17) 

For the values chosen, this equation gives excellent 

results for the south home and acceptable results for the 

north home. 

Of the models used, the nonlinear model (4.16) gave 

the best results for both homes, being only slightly better 

than model 4.13 for the north and south homes. Both model 

• 4..1,3 . q.nd mo~el ,4 .16: ~a·ve .t.h_e . adv~htage o.f. :h~v*ng. only . 3 
• • ., ~ 0 . : · • • • # • - - ' • • • . • : f • • ·• • • • ' 

coefficients, while equations 4·.10 and 4 .14 h a ve 4 coeffi-

ci~nt~ . . Note that model 4 .16 pr.edicted ·zero infiltration . 

_ : . - -- .t~i-th_flo: w_it n.d= ~n1· d.. ... ::.effip~~t.u.r;.e... _di. f fe te_Q<;e 1 p f.e_~ ent ; ~~q-~_j:.h 
I ' • - • , . I . I • . . . I . 

• • • : • • • • * • ' • • -. • • • •• : • 

Other three models· predict a positive value. One ·may well 

expect zero.infiltration at zero wind and temperature 

difference, but it was found that the furnace blower could 

account for .03 and .04 changes per hour for the south home 

and north home, respectively, with low wind and small 

temnerature differences. With this in mind, and hecause 

model 4.13 was linear, thus, easier to work with, it was 

adopted as the most suitable model. 

Earlier phases of this research have already been 

publishea.
61

• 62 
The first of these gave an empirical model 

based on most of the wintertime data. The second suggested 

an improved model based on summertime data as well (some 

710 sets of data points). Presentl y the empirical correla-

tion is based on all the unskirted data (525 sets of data 
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points) . (The correlations for reference 62 included some 

skirted data.). 

* Based on most of wintertime data (reference 61) 

IN= 0.072 + O.Ol35j6Tj + O.Ol99W2 + 0.67xl0- 46T·W 2 

(4.181 

Is= 0.0466 + 0.0074j6Tj + O~Ol3ow2 + o.1ox10- 46T·w2 . 

(4.19) 

Based on 710 sets of data, winter and surruner (reference 

62) (some skirted data included) , 

IN= 0.0635 + 0.0103j6~j + 0.018W2 + l.53xlo- 4~T·W2 

· l . ! . ' . . . . . (4.2Q)' .. 

I s = o . o 5 ·a 3 + o . o o 6 5 I o T· 1 + . o ."oos6w 2 + o. 9gx10 - 4 ~T·w2 

t . . - . ~ 
1 i ,_._ .. ~ -~..:· ._; f ~~~d_ ':?? 2 25. _2.:_":_:1:.~-:o.~ d.a~~' .cu.r~en.tj ~9_0_(~~:m;.~f~ rI'(l ~s :~ . . _ ;..:. .. 

. . . . . . I . . • . • . r • ' - . . • 
mode·1 · c>f -re·feren·ce· 6 2) '(no "skirt'ed .data )1

, •• • • • • • • 

( 4. 21) 

-

IN= 0.035 + 0.012j6T'I + 0.019W2 + l.13xlo- 46T w2 

(4.22) 

Is= 0.034 + 0.0076j6Tj + 0.0093W2 + 0.49xlo- 4or w2 

(4.23) 

Based on 885 sets of data (same form as model of 

reference 62) (all of the data, including the unskirted) , 

* 

IN= .098 + .Olll6Tj + .014W
2 + 2.3xl0- 46T w2 (4.24) 

Is= .067 + .007ll6TI + .0066w2 + l.lxl0- 46T w2 

(4.25) 

Reference (61) did not have the absolute value signs 
properly designated as the data was limited to wintertime 
data. 
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Based on 525 sets of data (model 4 .13) (no skirted 

data) 

I = 025 + 967j6Tj w2 
(4.26) N • ,.,T + 5.83T 

1. 0 0 

.034 + 5~~~ tiT ] 
2 

I = + 2.92~ . (4.27) s 
l. 0 0 

Based on 885 sets of data (model 4 .13) (all of the 

data) , 

f

, IN =.047 + .11 60J tiT I w2 
• I • T. T + 4. 86-

. ' · ; . . i o T . . . • • . 0 . . . . . . 
. . . . I 

rs = . o 4 3 + · 7 o 8 I 6 T I · r w2 
T. T + 2. 33T-

(4.28) 

(4.29) 
i o . O· 

The des~gn. c.on ?'!~oi:~. ~~~af~y~t.te ' · Indi~a~ a {_ul ing A.S~RAE . 
• l • •. . I ·.- . -~·· · --· · ----; . . · ) 1 1 L ' ' . . I . I -- -

Standard· 90-75 -crite~i~) 'are given . in Tabl'e ·4 .14 ~ .- '. Aisd. :. · 

·given are· the in£iltration rates.deterrnined:using- the various 

correlations. As noted by the table, the predicted values 

compare with earlier models (such as used in re·ferences 56, 

61 and 62) well within the experimental scatter - justify-

ing, from that point of view, any of the suggested correla-

tions. 

4.2.5 Wind Direction, Humidity and Solar Radiation 

The effects of wind direction, 9, humidity ratio, w, 

and solar radiation, H, on infiltration were not immediately 

apparent. To try to separate the effects of the above 

variables from the effects of wind and temperature differ-

ence the following procedure was used: a) the cards were 
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Table 4.4 Infiltration at design conditions 

T. 
l. 

T 
0 
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w !J.T 

Sununer 298.7°!~ (78°F) 305.9°K (91°F) · 6.7m/s (15mph) -7.2 

Winter 295.4°K (72°F) 257.0°K (3°F) 6.7rn/s (15mph) 38.3 

Corresponding values of I, at the design conditions for 
Lafayette, IN. given above: 

Winter Summer 
Equation . IN IS IN IS 

4.18 & 4.19 (winter data) 1. 60 0.88 0.87 0.58 

4.20 & 4.21 (winter and ·sununer) 1.53 0.84 0.90 0.45 

4. 22 & · 4. 2 3 · (unskirt·ea d a ta). . ' 1. 54 . . ·o,. 8.3 · ·! .o. 9'_4 .0 . . 4 9 
• • . • • •I • • . .. -. . .. 

4.24 & 4.25 (all of the data) . 1 .. 54 . 0.82 0.73 0.37 

4 ."2 6 & . 4. 2 7 (.unskirted data) .. 1.53 . · o . 8 5 · ·I o .. 9 6 0~51 

4. 2'8 ·1~AJ2.9: (:a1L,o..f..:__tbf.;! ' da-ta~- · l · 4R . _ Q , '_Q 1 1. 0-...J3..5,..:.._ ._J)\~.A..:. 
• o - • • ' I a • • ' ~ • ' . . I . ' . ' . . . 

o·.s3 
1 

f o.97 4.16 (unskirted data) 1. 52 () : 5 4 

. 
' ' .. 
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sorted, b) all wind direction data with standard deviations 

greater than 20° were eliminated from the consideration for 

wind direction, c) all nonpositive values of solar radiation 

were eliminated from consideration for solar radiation, and 

d) all data with incorrect values for wet bulb temperature 

were eliminated from consideration for humidity; and b) the 

difference between the infiltration determined from the 

measurement IM, and the infiltration predicted using equa

tions 4.26 and 4.27 

.. } . . ~ ( 8 , tJ,> , H) 
~M - IC 

" (4.30). I ' = .. I . .. ; • I . - .. M . . 

was plotted against each of the variables µnder considera-

· tion. Thes~ plot~ are given in ~i ~ures ~.25 throug~ 4 ; 30. 

·-· - .- . Th~ ·~if1f.~~e-~.ce1 fun.e;Q~·-;fi;-;,;e~ ·a. s ltjht' ae~e'iideffce-on~ . - . I I;: 

wind directiori, being smallest with winds from the ~outh and 

north and largest with winds from the west and east. In an 

attempt to grasp the magnitude of directional effects, the 

following equation was fitted to the data sample now. con-

sidered (that with limited standard deviations of 8) 

I 2 2 
I = A + ~ ~ ~ T + ;'J + 0~'7 ( cos 2 8 ) . ( 4 . 31 ) 

J_ 0 0 0 

The coefficients found were CN, 5.47(±.25); ON, 

-.56(±.29); cs, 2.87(±.12); and os, .056(±:.15). (The 

coefficients found for A and B were well within the estima-

ted error of the coefficients of equations 4.26 and 4.27.) 

The effec~ of direction on the wind term was statistically 

significant for the north home but not for the south. 
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t Because the data is weighted heavily to south (and west) 

winds, and because the directional dependence is much larg-

er for the north home, the conclusion can be drawn that the 

effect of wind direction on infiltration was due mainly to 

the south home shielding the wind from the north home and 

to a lesser extent on the large aspect ratio of the homes. 

Figures 4.27 and 4.28 show the plots of~ against 

humidity. The difference function ~ tends to decrease with 

increasing humidity. The effect is very small and data is 

not sufficient in quantity or quality to provide a correla-

t:ion. - . . ~ . . . . 
• • • • • ' • J: . . .. . . . 

Figures 4.29 and 4.30 show the differerice function, ~' 

versus · solar raQ.iation. ·They suggest a ·weak dependen·ce, if 

_J ~-"""'-._____' ~;~o~~:P--drr:-~ ·:· -·. ·, . I ~ , ' • • _ I f . . 
: ·- . - ~-: -- -- --· ' --- ;~ : - ~-·- · .- j 

4.2~6 Data Scatter 

The scatter in the data can be explained through the 

error analysis of section 4. The major sources of scatter 

are: a) error in I due to zero drift of the concentration 

meters (see Table C.6), b) errors in the average value of 

wind and temperature difference due to th~ method of 

averaging (over some four or more data points within the 

averaging time interval) and c) error in the measurement of 

wind and/or temperature. The error in measurement of the 

wind and/or temperature has a negligible effect. 

I Typical values of C were in range of 30 to 130 ppm. 

Zero drifts were usually of the order of ±S ??m. The 
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corresponding errors in I would typically be between .25 and 

-.25 (for I= 1 cph, Cm= 40 ppm, and t = 30 min.) but could 

go as high as ±1.0 (for I = .5 cph, Cm= 30 ppm, and t = 30 

min) . 

At 6. 7 m/s ( 15 mph) (which corresponds to. the usual 

reference "design" conditions) the standard deviation and 

expected error of wind (over usual averaging times)" was 

in the order of m/s. (See also Table C.6) . · The expected 

"errors", @ 15 mph, are shown, as an example, in figure 

4.12. The experimental scatter is within the expected 
' . . . . . . . . ' . . . . . . ~ . . . . 

:u'ncert~i~~y ·, . j· ~st.i~~/±ng 'tne '. need for l.arg~ ·sta
0

tistica'1· 

sa_mples ~nd exh;i.bi ting the . ~nherent challe:r:iges ·of measure-

-~-__,_-=-=-m=_e_. ?t:. i_~ n_~tu~~-~ e.nv~?nm~_:::sr · ·.-.-. ~=~ ~~: . J .. , , · i , 
1 

" . I . .. 
4.3 Furnace Blower Test 

In order to accorn~lis& mixing within the h6me ~ · and 

* aid injection of tracer ·gas, the furnace blowers operated 

continuously. Their possible influence on the infiltration 

rate should be determined before attempting to generalize 

the results. The air in the air supply ducts was pressur-

ized by the blower. Thus, some air leakage out cracks in 

* The "furnace" blowers are the main blowers located in the 
furnace chamber. They operate both while air conditioning 
and while heating. (The air conditioners were split 
systems with the evaporator coil in the furnace chamber) . 



112 

t the ducts could result. Part of this leakage would be into 

the living area, part to the outside through the subfloor-

ing. This leakage to the outside from the subfloor space 

leads to a slight depressurization in the living area of 

the home itself and a slight amount of infiltration. 

4.3.1 Experimental Procedure 

To measure the infiltration caused by the furnace 

blower by itself, a calm day with small 6T was chosen (day 

243). Re.circulation fans on ·the sample .loop ·and · the · · 
. t : . . . . . . • . .. . . . . . . . . . . > • • 

psychrome'ters were ·connected to the electrical outlets . from 

the instrument shed wj, th extension cords. Infil tratiori . · 

1 , :..- • m~·asµre!Ilent$ . wer:e·. stai;-t~d ·as_. usual , ~xc;ept~at \ l · 1&2 · h~o=U*f_,.S'----_,.__ ___ _ -·+- - ' . . --·, • · , ! . • · I • I • ' • . . r 9 · · .. · · into th.e r~n . t'he electric.i ty t.~ ·th~ . ho~es· was tur~ed off:. 

This caused the furnace'blower to shut off, Fciurt1 ~iriutes 

later the electricity was turned back on, and left on for 

1 hour. The electricity was then turned off again for 

another 40 minutes, then on for a final 50 minutes. At 

this time, the run was completed. By turning the furnace 

blower on and off, a comparison could be made between those 

periods when the blower was on with those periods when the 

blower was off. 

4.3.2 Results 

The results are given in table 4.5. The results were 

evaluated by simply comparing averages, and assuming that 

t the wind de9endence for the low winds noted was small. The 
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Table 4.5 Furnace blower test 

Day of run: 243 

Blower Start time 
-1 

rs (hr-l)l IN(hr ) 

on 20.92 .123 . • 091 _ I 

• • I 

. . ' 
off 21. 92 .078 • 066 - : 

on 22.58 . 102 

off 23.58 .061 

on 24.25 . 093 

?able 4.6 Volume test 

Ilorne 

north 
south 

south 
north 

north 
south 

Horne 
temp. 
( oc) 

297 
297 

298 
298 

295 
292 

Shed 
temp. 
( oc) 

292 
292 

294 
294 

288 
286 

Circ. of Volume 
Ballon Bai loon 
(m) ( £) 

.832 9.72 

.841 10.06 

.867 11.01 

.867 11. 01 

.902 12.38 

.902 12.38 

; . 
• 092 ~:1 : ~ 

!· .0421 
. r • : 

. 08 3 c . • . 
. I· 

I" 
·" I . 

I 

I· 
Pre;;J;ure 
baB,:..on 
(Pa) f 

1· 
1 : 70 
.l• 20 

1~40 
.1$) 0 

. 2 .~):5 
2· ,90 . 

W (m/s):. L'ITN(oC) L'l'I' (oC) 
s Wind dir. 

2. 20·.· -6.3 -6.3 s 

1. 86 ' -4.5 -4.5 s 

·i. 27 . -4.3 -4.3 s 

.1. 36· -3.l -3.9 ssiv 

. 40 . -2.3 -2 .. 8 SSW 

* Atm~s~heric Volume Initial Volume 
pressure corrected cone. 

(m3) (PaJ. for ~res. (ppm) 
-·----- temp ( .Q, ) 

.-10 Q, 09 0 10.04 61. 6+ 163 
lQ0,090 10.34 60.1 173 

100,970 11. 34 63.3 179 
1:00, 97 0 11.33 65.4 173 

. . 99, 050 13.03 75.7+ 172 
.' 99,050 12.97 74.8 173t 

* . 1 . . 
Tl1e volume of the gas in the balloon at thU temperat~re and 

tThe CO meter was calibrated wrong for this IT run and the data 
pressure of the home. 
was corrected. 

+ Huns with the least error. :.: ll . 
. tl 

I-' 
I-' 
w 
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t average infiltration with the blower was around 0.11 for the 

north home and 0.09 for the south home. The average with 

the blower off appeared to be around .07 for the north home, 

and 0.06 for the south home. The resulting infiltration 

caused by the blower was of the order of 0.04 for the north 

home, and .03 for the south home. Note that these values 

are in surprisingly good agreement with the · A coefficients 

of equations 4.22 through 4.25. 

4.4 Volume of the Homes 
. . . . . . ·, . . . ·" . ' ~ . . . . . . . . 

The te'ch'nique .used to .mea-s.u.:te the infiltrati on rates . f. 

was independent o f the actual volume of the homes. Results 

.. • .. 
were given . in c hanges per hour ( the amount o f ai r · l e ak ing 

~--~.___:___: t : . . - . : - . . . • . . . • l \ ; l - - -· -. ~ .: ·- ~-. . . _ .· . :-
'in'to: th

0

e ·ho.me in one. .nour. equals. tpe .v6 l time' of the. h0me) .. 
~ 

In order to fin~ the actua~ amount of air ieaking · i~ or 

out of the homes, the actual volume of ~he homes has to be 

known. Measurement of the volume of the homes can be diffi-

cult, since furniture, interior walls, ,cupboards, and clo-

sets all take up space in the homes. Also, a problem 

arises as to what extent the subfloor and attic space have 

to be included as part of the volume. 

In order to overcome these difficulties the volume of 

the homes was determined using the infiltration measurement 

process itself. If a known amount of CO is injected into 

the homes, volume of the homes can be determined from the 

' 

t initial concentra tion of the injected CO. Unfortunately , 

there is a finite amount of mixing time for the carbon 
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monoxide after it enters the ·home, of the order of 15 minutes, 

before measurements are valid. If the infiltration process 

is allowed to proceed as it normally would, the decay rate 

can be found. Then, with the decay rate known, the concen-

tration can be ext~apolated to time zero, and the initial 

concentration found. 

4.4.1 Experimental Procedure 

The first problem was to find some way of measuring 

the volume of the CO injected. This was accomplished by 

· . fil·ling. ·a· . large .spheric;al ·bali~on ~.ith · bo·,. ·meas uripg . t:h·e· 
Q • I ~ • ' • " j o ~ 

volume and pressure of the balloon,. and then · allowing the 

balloon' to empty , into . the "homes. !his method w~s 'cho~en 
. · • , I ; · . •. · . ¢ · . • ·-• - · ~ - - 1 '- - • \_. __ - - - • IF -·t · :-- · · - 0ee-a-us9f .a ri ·t:he e~\1fI.~ iiief.1 ·wa s-rea"tlily · · · · • · ' 

~ . . . . . . . . . . . . 

flow meters were not, b} it · was simple, and .c) the pressure 

of the balloons was sufficient to allow self injection of 

the volume of CO into the homes. 

The balloon was placed in the CO supply line between 

the safety shut-off solenoid and the injection solenoids. 

See the schematic in figure 4.31. To fill the balloon the 

safety solenoid was opened. When the balloon was full, . the 

safety solenoid was closed, the balloon's circumference 

was measured with a cloth tape measure, and the pressure of 

the gas in the balloon was measured. Then one of the injec-

tion solenoids was opened and the gas emptied into the home. 

Time equal to 0 was taken as that time when the last of the 

CO was gone from the balloon. (The balloon took about 120 
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seconds to empty.) Thereafter, the concentration was 

measured every 5 minutes for approximately one hour. A 

plot of one of the tests is shown in figure 4.32. 

Immediately before and after each day 1 s runs, the co 

meters were zeroed and calibrated using 50 ppm CO test gas 

in air. The meter was zeroed, a sample bag was filled with 

CO, this CO was run through the meter for about 15 minutes, 

and calibration was adjusted. The zero position was then 

checked again and if zero drift was over 1 ppm, the process 

was started over. ·When calibration was finished, the test 

was . run ·: . . i_fter . . t~·e ~e~~. t hte. : z .~r-~ hy'.i"ft . W~S .· ch~cked as was .. ; 

the span .Q.rift. If very large, data was corrected by multi-

: - .. - ~J.~~~E:_ ·ra;h}' e o ~n~ ---.by ~~~re~d~~9: :?nl sq ~~m . . gas_. ~ · ?£ _. the '-6 . ' --· ·-- I: ... 
tests done ( see 'T ab le 1 4·. 6·) ~:m ly o ne. had a l"a :tg:e ·e.no u ghf · · f " 1: 11 
error in calibration to require this to be done. In tl:J,is 

run, the north home was run in the afternoon and the south 

home was run several hours later in the evening without 

recalibrating before the second run. Both homes were run 

with the same meter at different times. 

4.4.2 Results 

The measurements taken are given in table 4.6. 

average volume of the homes was found to be 172(±5) 

The 

3 
m ; 8 7% 

of the volume which would be predicted using only the out-

side dimensions of the homes. (The homes are expected to 

have the same volume since they were identical homes and 

were furnished exactly the same.) 
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4.5 Energy Used by Homes 

As part of the tests the amount of energy used to heat 

(or cool) each home was recorded. This energy; which ~as 

read from the electric meters for the homes, represented 

the electricity used by the furnace (or air conditioner) as 

well as that used by the psychrometer fans, the fans in the 

sample line, and the continuous operation of the furnace 

· blower. These extra fans would be a heat source in the 

winter and a heat load in the summer. The amount of 

,.P<?W~:L ne.e9e~: ·f.o:t; f th~,s ~ _ 1a~~ ~a~ :n·e.as,ure~ ~y t~rr:i.n~ the. rota- . 

tion of th~ di~c . l~ the e l°e.Ct~ic ·meter. Th.e . am01.irtt .of ; . , 
energy being used · in watts-hours· is· given. by 

. . . . . the . number of 

-- -~~,~~fl.s-r.:.f.::·~.i.sc : times · :t .h!= -K~f~J~rf~~~~ _?TI: ~bet .. . 
• • , .. • • ! • ~ • . • . I . . { . - . . . ..: I -- ... , f • 

I 

face of the meter. The bower, ·in Watt·s, needed: to run.· the 

fans is given by the number of .rotations of ·the disc times · 

the KH value of the meter· divided by the amount of time for 

the rotations, in hours. The time for one rotation for the 

north home was 39.9 seconds, and for the south, 37.5 

seconds. The KH value for the meters was 7.2. Thus, 

the power requirements for the fans were .65kW for the 

north home and .69kW for the south home. 

The energy consumption plots show only that used by 

the heating coils of the furnace (or the air conditioning 

unitl (that .is the energy usage read from the meters minus 

the energy used by the fans). The plots are shown in fig-

ures 4.33 through 4.46. Plots from November, 1976, through 
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t 
August, 1977, represent that data for which the south home 

was sheathed. Data for September through December of 1977 

represent the south home after sheathing had been removed. 

Energy saved by the south home in winter was on the 

order of 1°0%, and in the summer was on the order of 3%. 

For the following winter, after the sheathing had been 

removed from the south homes, the north home used about 3% 

less energy than the south home. 

Of special interest are the months of May, 1977, and 

September, 1977. During these months the energy savings 

were.less .th~n or t~e 9pposite of that exp~cted. ·During 
. . _. . . . . , r . .. . ~ ~ • ~ 0 . • • • .. • " 

mani da~s of the~e t~o ~onths; th~ ~utslde ai~ was.cooler 

than. the inside air, ye~, due to the .high.heat load from . 

t the. sola_r._:r:_~~~ at~cm r · ! E e a~~ ~o!l~"i tiS-~9- 11:~~.s __ f?~_i}),. _r~q.u~r:ed: l: 
. . ,____ I . . . . . . - . ! • r .. 

" I • ' o o - I· ' I• • ' 

On these· d~ys the codl aii infiltr~ting into the homes 

,_ 

would reduce the cooling load. -Thus, the horrie with higher 

infiltration would have less energy consumption. (The 

logical thing to do would be to open the windows on a day 

such as this, but for our tests, windows were kept cl6sed 

throughout.) 

A further analysis of the consumption of the homes and 

impact of sheathing board on energy utilization is part of 

the research by J.E. Ball reported in part in reference 56. 

t 
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5 COMPARISON OF DIFFERENT CONFIGURATIONS 

5.1 The Effect of the Sheathing Board Option 

One of the goals of the research was to determine the 

effect of the sheathing board option on a mobile home. The 

north home was equipped with sheathing board, the south 

home· was. caulked .a~ all ~t~qc~~~al joint~ · ~rrd · ~a~ · a~ri{p~~d . 
; $ ,. <) • ' :. > <> '! • ,) ' • I ~ • ~ 

with two roof vertts. These ~ere the ways the hom~s were 

equipped when s91-d ~ Th~ ·manufacturer claimed . the .roof 

_ _ _ , ~- ·. · v~·n ts , we ·r~ae__de d -wh:e~t·he · h0m~ ,w-a};. -no; .:shea--rhea-1 "'a·n·d- thev=__:: 
. . t. · · . · .. . -~r:1 . ... ·. · .· · : . - r 

wer~ · not needed when · the home was sheathed (the sheathing 

bo~rd was p~rmeable . to water vapor but not t6 iiq~id water ; 

thus, water condensed between the foam core and roof could 

not. reenter the home.) 

The ratios of the infiltration in the caulked (north) 

home to the infiltration in the sheathed (south) home are 

given in table Cl-C4 . · The values of the ratios varied from 

.84 on day #129 to 3.97 on day #127. Only two points fell 

below 1.0. Nine points fell above 2.80. The average value 

of the ratio was 1.72. 69% of the points fell between 1.3 

and 2.0. 

From figures 4.20, 4.21 and 4.9 it can be seen that the 

infiltration ratio of the caulked to the sheathed home with 

no wind and temperature difference was about 1.25 (The 

. ~ i ··-±
. l 
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correlations did not predict the constant accurately enough 

to yield a good ratio.) Looking at the correlation one can 

see that as th~ temperature difference increased, the infil-

tration rate in the north home increased at a rate 1.6 times 

that of the south home. As the wind increased the infiltra-

tion rate in the north home increased at a rate double that 

of the south home. Thus, it is seen that the ratio is a 

function of temperature difference and wind. The highest 

valu~s of the ratio. :were ·obtaJ,ineq wi:th a high 'wind and. srna~+. 
.. . 'i . , . . 

temperature difference, the · s~allest values· with low wind and 

temperature - diffe+ence, and wit~ high t~m~era'ture ·differences ' 
. . 

t~1e r.atio~ li:= r . s~mew~~re i~n- ~be~weenH :t.h.e ~r.evio.us ; y~lg~s_ ~\: 
. I . • • . . I . ,. . .. ~ ' . . . ' 

From . ~quat.i.~n· 4 .17, .the ratio or infil tratio~ in the 

north home to that in the south home would be 1.80. 

5.2 Effect of Sheathing Board 

To try to determine the actual effects of sheathing 

board on infiltration, the sheathing board was removed from 

the south home in September of 1977 and two more months 

of data were taken. During this time, the north home re-

mained unchanged so it could be used as a standard against 

which to make comparisons. The data is gi ven in table CS. 

The scatter in the data is substantial and unfortunately, 

the test conditions were limited to a small range of 6T. 

The following observations apply: 

a) For the ranges irr weather tested, the average value 

of IN/ IS (without sheathing. ) was 0.99 (based on 152 data 
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points) , showing that the infiltration rate of the home 

without sheathing was essentially the same as that for the 

home with caulking and vents. 

b) Figure 5.1 shows IN/IS (without sheathing) as a 

function of wind, for relatively small values of 6T (-5 to 

5) . There may be a very slight dependence on wind, with 

IN/IS (without sheathing) going above unity at low wind 

velocities. This could ha·ve been attributed to a stack 

effect on the vents becoming more dominant at low levels of 

wind . . ._. 
l .. . i ~ . 

c) Figure 5.2 compares IN(Is (without sheathing) 

agains~ win~ for slightly lar~e~ 6T's than in Figure S.l i 
. . . . - . . . . . . . . l ' :___:___ . -- _:__.__I · . . . . . ~ : ' - "r.T 

· -.· -·-- u 7 -· -_ \ · -:- ql±t~st-±=-J: I. qb.i t~ ·s;mal .t : ( f r em !I 3 . ~o_. 5°C) ,.- .1 I.n· genera ~ ' · IN/I s . . . · . I . f 
. • • • l.. • • • • . . • 

(without sheathing) appears to be slightly larger (The . - . 

average is now around 1.08 for this sample, compared to 

0.93 of figure 5.1). This again could have been interpreted 

as a possible stack effect on the vents of the north home. 

However, the wind effect noted in figure 5.1 is not noted 

now. 

d) Figure 5.3 compares IN/Is (.without sheathing) to 

6T for a relatively limited range of wind (2 to 3 m/sec). 

The possible stack effect due to the vents in the caulked 

home was not strong enough, if present, to be confirmed in 

this plot. 

e) The averaqe values of IN/ Is (sheathed) and .IN/IS 

(unsheathed) were 1.72 and 0.99, respectively. This means 

that the south home, with sheathing would have (in the 



v"
l <
 

U
l -

0 0 . 0 0 

-.
:.

 
I
\)

 

H
i 

0 t-1
 I lJ
l 

. 0 0 

,,
 

w
 . 0 0 ..:
: 

::E
:o 

-
o

 U
1 

C
l 

C
>

 

I 

C
> 

C
l 

C
l 

I I.
 

(3
 

:Z
. 

j 
• 

__,
__.

 _
..

.:
..

.,
_

_-
!
-

--'
-' ~C
l~.

-+
--
-=
--
--
:-
~

.:...-
:!

-:
t=
-:
--
' ..

. 
1

-=
-

-
.. 

U
).

 
··-

.-
-e

 
~

-
.-

. 

u 
C3

 
ai

l 
I. 

fi
lc

n
 

m
· 

e 
I 

· ·
 

c
ig

 
I 

. C
l 

0 ...
.J . 0 0 CX
l . 0 0 co
 

C
l 

0 -

C3
 

e 
I 

.rt
 .

. ,.
 

'(:
! 

(3
· 

cp 
. 

I 

C3
 

C3
 c:

I I 
e 

I 
e 

I I I I I I I I 
G

j J 
e 

(3
 

C!
1 

C
l 

0 

(u
n

s
h

e
a

 tl
1

e
d

) 
I'

\)
 

0 0 0 

C3
 

. 
. 

I'
\)

 

U
1 

C
>

 
0 

w
 

C
l 

C
> 

C
l 

w
 

CJ
1 

C
l 

C
l 

I 

I 
I 

. 
. 

-
-
-
-
'
·
~
~~ 

-· 
' 

. 
·
-.

 --
..-. 

__
__

._,
__

;,-
.. 
-
~
-
'
-
~
~

-.
-

-
'. 

.•
-1

-:
=

-1
 

o
_

,_
 _

_
_

 
~
.
.
.
.
.
_
 _

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

 _
_

, 

8
(1

 

0 0 



CJ
1 

0 0 

0 0 0 

w
 

0 0 0 

. U
\ 

0 0 

• 
-
;
-
~
~
~
~
-
r
-
,
.
.
-
~
~
~
"
'
-
-
~
~
~
-
-
'
-
~
~
~
~
-
'
-
~
~
~
~
-
'
-
~
~
~
-
-
1
 

L:
; 

o 

H
 

U
'l 

/\
 

0 . 0 0 

IG
 

iG
 

I l I 
G

G
G

 
b
~
 

f'
 G 

(3
 e 

I 

C3
 (3

 

e 
I 

e 

e 
C3

 
(3

 

(3
 

>
 
~
 ,, 

w
 

0 0 
819

(3 
C3

 
I 

G
 

e
e
 

I 
e 

e 
I 

.s:
: 

G
 

'I
 

~
o
 

I 
C3

 
...

...
 0

 
-1

 ·.
-

--
. 

I 
. 

·~
· 

. 
-.

..
 "

'I 
~

1
' 

,
.
 

..,
..,

 
_

_
 

"'
!<

.:
:!

""
 

; 1
-

-
:·-

-
·1

 
i =

.=
=

.=
-

·
--:'

-'
Tu
~ .. -
.-

+
-

. 
1·

 
1-
-

~ 

6
E

t 

·~
en
 

I 
rn

• 
I 

C
J
~
 

~
 

G
 

I 

3
: 

....
....

... 
"C

f)
 

• 

'-
'e

n
 . 0 0 ...

:i . 0 0 CX
l . 0 0 cc
 . 0 0 .... 0 . 0 0 

GB
 

I 

(3
 

G
 

• 1
 •

 
I

. 
~

(3 I I 
G

 
I I I 

(3
 

(3
 

(3
 

I J 
..

 
--
-!

-.
..

..
.-

--
..

_
,_

 I 
" -



..
 

w
 

H
 

""" '-
..

 
H

 
(,

'}
 <
 

U
l C
> 8 I-
ti 0 ~
 

IV
 ,,, -....:. /\
 

w
 

. en
 

C
l 

0 

. 0 C
l 

~
-

0 0 - -. 
--

iD
 

m
o

 
~
 

-0
 

-

. C
l)

 
C

l 
C

l I 

G
 

G
 

G
 

G
 

G
 

G
 

G
 

G
 

G
 

G
 G
 

G
 

Gs
 

G
 

G
 ~
 

'
G

 
. 

c.: 

·-
.. 

:-
r~

 ~
. --: 

.. ·--.-
"-:

_.-..· -
.-

.-
·-~
-

--
--

'--..
 --
-
~

.--
-. -

I
•
 

. 
1 

n
. :n

-
o 0 -o_ . C

l 
0 -

G
 

G
 

. 
. 

G
 

G
 G

 

IN
/

IS
 

(u
n

sh
e
a
th

e
d

) 

G
 -

.....
 . 

-
...

i=
 

C
l 

C
l 

0 
0 

I 
I 

G
 

G
 

G
 

G
 

G
 

G
 

. G
-
-
~
-
-

· ._
:_

 j 
. 

I 

G
 

-
rv

 
. 

. 
...

J 
C

l 
D

 
C

l 
0 

0 
I 

-
_:

__
 ·-

-·
 . -

·--
: 

'G
 

rv
_

.,
 _

_
_

_
_

_
_

_
_

_
_

_
_

 .__
_ _

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
 _.

 

D
v1

 

. C
l 

0 

. 
. 

. .
_

 • -
-

--
:-

i-
•' 



141 

average of ~he test datal I 8 (sheathed)/I 8 (unsheathed)=l.74 

(i.e., IS(unsheathed/Is(sheathed) = (IN(I~ (sheathed)]/ 

[IN/Is (unsheathed)] ~ 1.74.) 

5.3 The Effect of Skirting 

Skirting data was taken during two periods of time, 

spring 1977 when only the n6rth home was skirted, and the 

first half of the summer 1977 when both homes were skirted. 

Skirting was added to one home at a time to compare the 

infiltration ratio of two homes when both had skirting, 

~hen one had skirting,·ftnd when p~i~h~r home h~d·sk~rting. . . . ~ . . . . .. . .. . 
However, the large variance 6f . th~ ratios ·hid an~ effec~ 

·that skirting ·might bave had, sug.gesting t~at its benefits, 

li.f :any, ·were . within the ~Xpe_!~~ mer:i"t::al . ·Scatter· O.;f the' r .atio . . 
~ .. . • . ! , • • . • • • • 0 • .. • • ~ ~ ' -- .... ' • • 

In order ·to £i_{~ther i~v~stigat~ the ' possible eff'ect of 

* skirting, the difference function 

\fl (skirting) = 
IM - IC 

IC 

can be determined. Three cases were considered, summer 

data (both homes unskirted), spring data (one home, north, 

skirted) and summer data (both homes skirted) . The corre-

spending measured values were compared against the predic-

tion (based on all data) of equations 4.26 and 4.27 (which 

were based on the winter and unskirted summer data) . The 

results are plotted in figures 5.4 through 5.9. An average 

* This is slightly different from the Y of equation 4.30. 
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difference function can be determined giving the results 

shown in Table 5.1. 

Inspection of the table does not suggest any convinc-

ing trend. 

Figures 5.4 - 5.9 do show a tendency toward lower 

values of ~ at higher infiltration rates with no skirting. 

Since high values of infiltration correspond to higher wind 

velocities . for the data under consideration, the average 

values of ~ were found for winds in the range of 4 to 6 

m/sec and for winds greater than 6 m/s. The results are 

?h9wn .in. Table 5. 2·. : . . 

For the range 4-6 m/s no definite conclusions can be 

reached. For winds greater than 6 ·m;s .infiltrat;ion is 

- .l -, · - ·- l -- · J •. . . . · · . · . . I . . · . . · . . . 
appr~+,&%-i J:.e s-s-t~redi.ctelfi f 9 ·r - a . ·sk J rt.e.d ~om$ .a nd · 

. l • : l .. • ' ~ .. _· • I • •• I . . I • . • 

15% l .ess than predicted .for th~ unskirt~~ ho~e. T·h~s ,' the 

difference was more likely due to 'error in the model than . to 

the addition of skirting. All that really can be said is 

that the change in infiltration due to skirting, if any, was 

less than 15% (Since the sum of the errors is less than 15% 

in all cases) and, most probably, less than 5%. 
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Table 5.1 Average ~ for the skirted and unskirted :lames 

IJo~th home 

I 
South home 

( % ) ( % ) 

U.::-isk.irted surnnler 5. 6 ( ±5. 3) . -1 . 6 ( ±6 . 1) 

Spring unskirted -4.3(±5.2) 

SFring skirted 3.1(±6.3) 

Summer skirted 10.0(±6.2) 1.2(±5.7) 

Table 5.2 Average ~for high winds 

Wind 4<W<6 m/s North home(%) Sou th home(%) 
-

Unskirted summer 0.9(±10.2) -3.5(±14.2) 
. . . 

Spr,iI_lg ·i.:r:1. ~ki:i;-t,ed ·. . . . '-:-0 ... 3(±8.9) . •I , . .. . . . . . . , . . . . . . . 
Spring skirted 12.9(±12.6) l 
Summer skirted _;5.4{±11.8) . -11. 0 '(±11. 8) 

. }-i.· -· 
J ·--. , . t- · tv i !} cr~~w5·G • : ' t 1~· 1 ·~ -- ·--· : • ..!. _:...:. - · l . ·- . . 

.' l . . - - .. ~ ·-. , . .· I . 
. .. I 

Spring unskirted -15.7(±9.3) 

Spring skirted -16.4(±12.7) 

Summer skirted -18. 5 ( :'.:ll. 3) -21.9(±12.7) 
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6 CONCLUSIONS AND SUMMARY 

The original goals of the research were to: a) find 

the effects of weather on infiltration, b) to find the 

effects of a continuous sheathing board on infiltration and 

energy consumption and c) to find the effects of skirting 

* on infiltration and energy consumption. 

~ . . . 
6'. 1 Weather Par~rne~e rs 

Weather parameters e xpected. to affect infiltration . . . 

' -~' 4'-w·e r~ '~~-nd v~ lq c~ ty '. : i r ~ ~i-r~~ti o~ ' ' temp: ~'tu re -d i ff mr~ 
~ • 

1 
• between the inside· aridl the .outside a ir) , . . an9 . t ? ·a .les s E:tj · -- · --

e 

extent, hurnidi t y an~ .so.lar radiation. 

It was found that infiltration was almos t linearly 

dependent on the square of the wind velocity and on the 

tem~erature difference. Wind direction played only a minor 

role, caused mostly by the homes shielding one another from 

north and ~outh winds, and to a smaller degree on their 

aspect ratio. 

From pre v ious research one would have e xpected a linear 

dependence on wind, and a linear dependence on the square 

root of the t e mperature difference. The pressure d r op 

* This latter aspect was treated mainly by Ball. (See 
reference 56.) 
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through a crack (see Ethenridge50) occurs by two mechanisms, 

entrance and exit losses (which depend on the square of the 

flow velocity) and frictional losses (which depend on the 

flow velocity through the crack). As the ratio of the 

distance through the crack to the width of the crack goes 

up, so does the ratio of the frictional · losses to the en-

trance and exit losses, leading to a linear dependence of 

flow on pressure difference, and hence, a quadratic depen-

dence on wind and a linear dependence on 6T. 

The effect of temperature difference on inducing in

f ~l tr.atio"n was , ~~most 1. Ii) , t.i:nes· ~s . hi_gh- .as_ w~q~d. pe ~r~:.. ' 
• . . . ! . . ,. ' 

dieted using a straight forward stack ·metho"d (see 'reference 

4)·. · However, as 'pointed out by· BloP'tst:erberg and H.arrje, 2 7 

I . I . . 
----""'---==..:..:-· r-fre~ 1fi;{:f:l 1:5~~±cin f af±Cra:ck <:? ·; ·s _,-.ve ~~- .irripor.tarit_i,n,~he ra, tio . r- . . . . . . . - . - ' •=-=t· • . . - l 

t • • • • • • • • • ~ : ' • - • • • I • . f 

of wind induced .infiltration t6. st~~k ·i~duc~d infiltration. 

To have such a high rat.io, our homes had to contain a la.rge 

distribution of cracks high · and lo~ in the homes providing 

for a larger amount of stack induced infiltration and for 

a sli9htly smaller amount of wind induced infiltration. 

The effects of wind and temperature difference on 

infiltration were approximately additive. Some theories 

(for instance, reference 63) predict the effects to be 

subadditive. Additive characteristics were noted by earlier 

researchers (references 10, 14 & 16 for example) , while 

others have found infiltration to be subadditive (refer-

ences 13 & 25). The best cor~elation found for the present 

work was of the form 



t A + 
2 

+ cw 
T 

0 

which is additive (when the wind term is measured at the 

same outside temperature as the 6T term) . 

152 

Due to the large length to width ratio (aspect ratio) 

of the mobile homes, wind direction was expected to play an 

important role in infiltration. However, studies of wind 

direction effects on infiltration in past research have 

been inconclusive. Some researchers have found wind direc-

tion to be very important :( refer~n~es 3 and 14) . while others 

have 
0f6~nd. i ~ ~ to · .oe·. i~~i~~it,I~~nt Cr~f~~eri~·e ·18) · .. 

0P~~te.r6.4 · 

found that the turbulenc~ in wind accounts . for almost a·s. 

~ . . l ·---- · . m~ch. of ~h~ · win.a in~~'?~? , j.rf~ltra_~.i9n..: as. do~s~ _t;he __ p~essur~ }' . , -- ~t , ~. .... -.- . I .. 
. . · . · : f~orn .the «iy~amic h~~d· . · Thus, : £~r ~~r buii~·ings .which wer:= . 

exposed on all sides (except when · shielded by the. second 

home) the directional dependence would be small. (At the 

same time it must be noted that the percent window area and; 

crack distribution was similar for all four walls of the 

test homes.) 

Humidity was found to have effects which were barely 

discernable; not surprising for homes with a metal skin 

and window frames. Sol~r radiation had no discernable 

effects on infiltration. 

6.2 The Effect of Sheathing Board 

Comp~ring a sheathed home with another with caulking 

and vents showed an average ratio of infiltration rates of 
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1:1.72. (For no wind and no 6T, the ratio was of the order 

of 1:1.25.) As 6T increases, the ratio approaches 1:1.6, 

whereas as the wind dependence predominates, the ratio 

approaches 1:2.0. The presence of sheathing board would 

supposedly eliminate the cracks in between sections of 

siding. However, due to joints in the sheathing at the top 

and bottom, the cracks where· the siding meets the floor and 

roof would not be fully eliminated but they would be con-

siderably reduced in size by the sheathing board. Cracks 

around windows and doors probably will not be affected a 

gre~t deal . by .sheatbing board. 
' ' . . . ·. . ' . . ' . . . ' . ' i . . ' ' , 

"The' actual "reduction. in inf°i.ltratibn c::a'u-sed by' s'neath-. 

ing wbuld depend on t~e i~portance of the crack to infiltra-
, . 

.. . :l -~i.~n '· _Eo r .e+a:nJ:? l ~ -' r;emo~l.ing_ r ? r.ack nea r the neutral ~e_vel ' 
·-~ • - ·· • -· - -- · . + • I · I I 

• • (
0

le~el whe;e · t he' 'pre_s·s.ure :d.i f fereri~ d ue· ~~ · tJ:ie", s"ta1c~ effect· .-.·-
1 

equals zero) would have little eff~ct on infiltration in-

duced by temperature difference, while it may change wind 

induced infiltration by a great deal. In our mobile homes, 

the eliminated cracks in the siding would have a much great-

er effect ori wind infiltration and the reduction of struc-

tural cracks at the top and bottom would have a greater 

effect on stack infiltration. Due to the fact that wind 

induced infiltration was reduced more than stack induced 

infiltration, it appears as if the sheathing was more 

effective in reducing the cracks in the side of the home 

than those at the top or bottom of the home. 
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Infiltration rates are listed in table 6.1 for winter 

and summer design conditions with 6.7 m/ s (15 mph) winds 

(Some of these values were already given in table 4.4) The 

maximum infiltration rates allowed for mobile homes is given 

by ANSI All9.l. This states that the heat loss (in BTU/hr) 

due to infiltration measured with 15 mph winds can not 

exceed an amount given by the perimeter of the home (in 

feet) x 0,7 x ~T. For our homes, with a perimeter of 48.Sm 

(160 ft) I and the inside air at 21°C (70°F) the maximum 

~llowable infiltration rate would be 1.03 changes per hour 

(177rn 3/ hr) . . The un.sheath.e¢i homes did not meet this . . . . 
. sta·n~~.~~ ·. · . ~ne. ~h~a~hetl. : ~omes ·ct~d:. · · .. ·. 

Further resear9h ~hould be conducted to determine the 

t q_ . .. . e ~ f.ec:t~ o~ the :roof ·r rit;s in. the _nor1 h h_orne on in_fq tr-a ti on. 
- 1 -l ·- .·- . . . . . . . . . - ; . - . - . f . . - . . 

: . : One· recen.t at.te~pt ·( . Hay~, ·unpubli s hed)· p 'rov~a to be .in~on .:, 

cltisive dq~ to limited data. N6t knowing the effect of tha 

roof vents on infiltration, a determination could not be 

made as to which had rnore·effect on reducing infiltration 

at low winds: removing the roof vents or replacing 6aulk-

ing with a continuous sheathing board. What can be said 

is that, since a home with no caulking and no roof vents 

had approximately the same infiltration as a home with 

caulking and roof vents, the effect of caulking was 

essentially offset by the effect of roof vents. 

t 



Table 6.1 Measured and predicted infiltration a~ design 
conditions 

Outside temperature 

Inside temperature 

Summer 
32.8°C 

25.6°C 

Winter 
-16.l°C 

22.2°C 
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Wind speed 6.7m/s 6.7m/s 

Infiltration (cph) . 

Caulked home * 0.96 1. 53 

Sheathed home ** 0.51 0.85 

Unsheathed home *** 0.97 1. 55 

Predicted ·infiltration **** 

Air chan9·e method .. 
.. • ~ > "' "' 

l ·. 66 \ 
. . : . l .. .1.,6 6 

Crack method (based on average fit window) 

.. Sheathed. home· 1.27 1 .. 27 
. . 

- . .: · '. - -:· · · -· -. · · · ~r-iG-tr · ·. ·t·~a ... ~-:. ....::...~ a:-2- - - . · 1 . s .2..:. · . 1 _ 1 l ~ ~· . . . . . . . . . . . . . r I 
• • • I • ~ • • I • ~ 

• • . • • • • • • • • • , • .. 1 • I 

* Based on equation 4.26 

** Based on equation 4.27 

*** Based on IN/Is (unsheathed) = 0.987 

**** See Appendix E 
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6.3 Effect of Skirting 

The effect of skirting would be to affect the C val-- p 

ues due to the wind on the surface of the home, decreasing 

them on the forward side and · increasing them on the rear 

side of the home. 65 Thus, we expected to see a small 

decrease in infiltration, However, if there was any differ-

ence it was too small to see . 

6.4 Energy Consumption 

Energy consumptibn.dep~nds on thermal.and radiation. 
• ' • ' 0 • • • . ' 

gain a~ w~ll as infiltr~tion. Th~ ~ffe6t ~f reduc{n~ infil-

tratiorr on he~t g~in/or losses ·depends on the relative 

Ii - . _ .. -· ~ :---: -.~12 .r??~:;i?~ of fiep.;t ~·cit~ n. ·_or_ ·losses . d\l~) _to-
• . I . •• • .• • I . . . 

i~:i ~ ~~~:~ior;_ rw.it~ 
· respect to .the total 'he'at gain/or loss: A reducti.on of 

. . 
about 10 % .was found · fO"r the heating load ove.r a monthly 

period during the winter. Since infiltration was reduced 

by about 40% over the same period, the percent of the 

thermal losses due to infiltration in the north home would 

be about 25% and the south home about 15%. During the 

suITmer, the reduction was about 3%. However, the reduction 

in infiltration was smaller, about 25%. The cooling load 

now due to infiltration would be about 12% and 9% of the 

total cooling load for the north and south home. 

6.5 Final Comments 

t Much work has yet to be done on air infiltration, both 

theoretically and experimentally. Understanding of the 

·' 
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phenomena which affect infiltration is still at an early 

stage. Yet a lot of work has been done and is being done 

and the amount of knowledge is increasing. 

At the present time, given a home, only rough estimates 

of the infiltration can be made. Recommended for design · 

purposes 4 are the air change method and crack method. The 

air change method assumes a given amount of infiltration 

for each room and sums over the rooms. The crack method 

uses the amount of crack in the home to predict infiltra-

tion amounts . (See Appendi.x E and Table 6.1). 

. ! . .' F.or· g~od · ~nalysi.s of. bui ldi'ng the.rm~:l ·loads; : t·he ir:i-. 

filtration needs to · be known fairly accurately. At .present, 

the main recourse appears to . be·the . experimentai" ~ean~ of 
...__,___, .-·-· ; .___:, . : . ~ .. . t .. -. :_. -l . ·-· . - ·-. ~! :_'._.~--".::.:._,,_ . ~ -· •• • • • ••• • l . 

'determin~ng a i r inf":ii 1 t rab.on .· · To get acc.ura te I re:s.1..llts ·.many :. 1 • ·-

measurements must be taken over long periods of time. 

What is needed is an accurate way of determining infil-

tration with only a few measurements. This should be the 

major goal of future research. 
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APPENDIX A: Condensate 

As a check of infiltration the condensate from the air 

conditioners was collected and measured. In theory, the 

amount of condensate collected should depend on the outside 

humidity, the humidity of the home and the amount of infil-

trating air. If wi is the humidity ratio of the home in 

kg per kg dry air, and w is the outside humidity, then the 
0 

amount of condensate collected, M, would be 

M = tiifp .( 41 · -:- · ·w. ) ·. · 
. 0 . ·l . 

Then I would be given 

~.. . ~- . -: ~--~· 
. . ! ~ - • • ., ; • ' • I • 

I 
"~ I l tv~- ~w ·. :J ~ :)-: · -' · - . . 1~--~ 

0 'i .· 

Unfortunately we foun~ rio.correlation between I me~~ 

sured this way and in the usual manner. On several occa-

sions we found that we were collecting condensate even when 

the humidity ratio in the homes was equal to or exceeded 

the outside humidity ratio. Later we found the reason for 

this was moisture migrating from the ground into the homes. 

This was especially prevalent when the skirting was on the 

homes . 

• 
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APPENDIX B: Computer Programs 

On the following pages are listed co~puter programs 

used in the data reduction process. Program TP was used ~o 

read the paper tape and punch the data on cards. Program 

IFLT was used to plot the natural log of the concentration 

against time. DATAR was used to reduce the data. 

Some of the symbols used in the program and what they 

stand for are as follows: · 

. ~ 

• .# • - ' 

.. 

LIN OUT 

::'.'r>A'l'E 

CSTH 

CNTH 
=- 1 

DAT.A ! I· 
I 

FLN 

ERN 

FLS 

ERS 

RET 

An array in wh.:i:h the data is held until 
all o~ the data is converted . 

.. 
Date :(day . nurnp~·r) •· 

Concentration of the CO in the south home. 

Concentration of the CO ih ~he north ~ome • . 
· ·- ·-- -:+ ._· _ _:__ · · . , ~ · -. · I . __ , ___ ·_· ___ . I 
;Two'dimehslopal arr~y in~o ~~ice - 11 -z ~ e 
data is read for one ·day number. 

Infiltration for the· north home.· 

Error in the infiltration rate for the north 
hbme .• 

Infiltration rate for the south home. 

Error in the infiltration rate for the south 
home. 

Array in which calculated values are held 
until printed. 

The following are library subroutines: READBYT, PLOTS, 

PLOT, AXIS, NUMBER, SYMBOL, LINE, and LSTSQ, and are 

loaded automatically when the MNF compiler is used. 
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JOBCARD. 
P:'iSS!-!ORD. 
FmTRAN. 
REOUESTCTAPEl,NNNN,PR) NNNN-NUMBER ASSIGNED TO THE PAPER TAPE 
LOADXCLGO,RUNLIB> 
PROCEED. 
CO~YDfCTAPE2,PUNCHr1R!B) 
7 /8/9 CEOR) 

PROGRAM TPCTAPE1,TAPE210UTPUT,TAPE6=0UTPUT) 
c 
C READ PAPER TAPE USING *NXT*1 OUTPUT DATE, TIME, 
C AND CHANNEL UALUES 
c 

c 

DATA ICl'IT/l/ 
INTEG:::R HOLD(5) 
LOGICAL S~- 1 
REAL LINOUTC 12) 

C DECODE DATE AND STORE IN *IDATE* 
c 

CALL NXTCL!NE,ICNT) 
IDATE=CLINE-SOB)*!OO 

· CALL NXTCLINE1ICNT> 
IDATE=CLINE-SOB)QlO+IDATE 
CALL NXTCL!NE,ICNTl 
IDATE=CLINE-S03)+!DATE 

c . . . 
.g DECODE TIM~ Al'm STD~~ . I)'I ?r IME·~· 

DO 1 I=l,5 
CRLL l'li ~TCHOLDC I) .!CNT) 

1. CCi'IT I NUZ 
T!~~=FLCATCCHOLDCll-60Bl*lO+CHOLD{2~-60B)J 

-H(FLOATC <HOLDUD-SOB);:·lO+CHOLDC5)-60B) )/60.) 

t . . . !4r. o-:OLDCZl . EGJ . 729>po TO 5 . . . . 
._ . ·-- h~.....(.(;.;.3 )___::.. - . • - . . -- I -- ·-~· - .. - I . . . . . . . t 

· · 3 . . ! F.O Ri:1r.i ·u·~ . Pr;PER .lt,PE 'MISPOSITIONED;:!) '. . ! • · : t • . · ! · 

' 

A=O. / O. . 
A=A+A 

c 
C OUTPUT DATE AND Tir1E 
c 
5 
s 
7 
c 

~RITE(2,6)!DATE,T!ME 
FOP-i1ATC2)<, !3, 5i~. FS.3) 
WRITEC617>IDATE1TIME 
FOR~IATC 11-11, i::, I3, 5X, FS. 3) 

C PRODUCTiml LGOP DECODE TWELUE. CHANNEL UALUES, BUT 
C SKIP T~O DATE TIME LINES 
c 
10 

13 

c 

DO 30 I=l,12 
J=O 
CALL N>(TCLINE, ICNT) 
IFCLINE.NE.1033>GO TO 13 

CALL Ni(TCLH::::, rem> 
IFCCLINE.LT.60B).0R.CLINE.GT.71B))G0 TD 13 

IFCLINE.NE.60B.AND.I.E0.l)G0 TD 45 
CALL NXTCL!NE,ICNT) 

IF CCCLINE.NE.608).AND.CI.EO.l)))GO TO 45 

C CHECK FD~ NEGATIUE NUMBER 
c 

CALL NXTCLINE,ICNT l 
IF CLHIE. NE. 553 lGO TO 19 

SW=. TRUE. 
18 CRLL NXT CL!NE,ICNT) 
c 
C TEST FGR DECIMAL POINT 
c 
19 IFCLINE.E0.~5BlGO TO 21 
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IFCLINE.LT.60B GO TO 13 
c 
C CONUERT DIGITS IN FRONT OF DECIMAL POINT, STORE IN *J* 
c 

c 

J=CJ•10)+CLINE-60B) 
GO TO 16 

C CONUERT FRATIONAL PART, STORE IN •X* 
c 
21 

24 
c 

><=O • 
N=O 
CALL NXTCLINE,ICNT) 

C TEST FOR NON-DIGIT, END OF UALUE 
c 

c 

IFCCLHIE.LT.60BLOR.CLINE.GT.71B))G0 TO 27 
N=\'l+l 
X=X+CFLOATCLINE-60fl)/(l0.**N)) 
GO TO 24 

C COMBINE •J* AND 
27 

•X*• STORE IN aLINOUTCI)* 
LINOUTCI)=FLOATCJ)+X 
IFCSWl LI~OUTCil=-LINOUTCil 

SW=.FALSE. 
ICl'\T=ICNT + 1 

30 ·CONTINUE 
•c > • J • 

C · OU1PU1i T I~~E +IND TWELUE CH8NN~ .. UF:LlJE~. . , ·c . . . . ' 

W~!TEC2,2ll TIME. CLINOUTCil,I=l,12) 
FORMATCF6.3.2X,2F6.3.2F6.2,2F6.3,2FS.2,2F6.3o2F6.2l 
~~ITEC6,32l TIMEi CLINOUTCil,I=l,!2l 

~· -.!. 

32 FOR~1A1 ( t><. F6. 3, 3><. 2CF8. 3, DD' 2CFG. 2. l>O ,'2CF6. 3 .• lX) 

16 7 

.-=- l· ." c . .. ~ ... ~c.Fs .2: _~x ? '.~c_F~·F·~.)<l.2CF6.~l~l~ - .. ; '.· . . _, :. . - -- _._ . . 
. . I . · ·c R:::AD IN NEW' TIME -AN.D $-T~RE . rn ~'Tfrn~· .-- . . . I f ,- ; · ·1 

c . ,,..i::J 

40 

45 
4S 

47 

999 

CALL NXTCLINE,ICNTl 
IFCCLINE.GT.7!Bl.OR.CLINE.LT.60B)lGO TO 35 

Cr:LL N)<TCLI\'lE, ICNTl . 
CALL r~TCLINE.ICNTl 
DD 40 I=t.5 

CALL NXTCHOLDCil,ICNTl 
CONTINUE 
TIME=FLOATCCHOLDC1)-60Bl•10+CHOLDC2l-60Bll 

* +CFLOATCCKOLDC4l-60Blu!O+CHOLDC5l-60B)l/60.) 
GO TD 10 
PRifH 46 
FORl·lATC u READ ERROR, ONE LINE INCORRECT AND OR *• 

!•ONE LINE MISSING.u) 
CALL N)<TCLINE, ICNTl 
IF CLINE.NE.3GBlGO TO 47 
GO TD 25 

STOP 
END 

SUBROUTINE NXTCLINE,ICNTl 
c 
C PLACE OCTAL UALUE OF ASCII CHARACTER NEXT IN INPUT IN 
C *LINE* AFTER REMOU!NG THE PARITY E!T 
c 

c 

INTEGER IBUFC5) 
DATA !':EXT /G/ 

C FILL BUFFER IF NECESSARY 
c 
1 IFCNEXT.LE.5lGO TO 5 

C8LL READBYT C 1,IELJF,S,!ERRl 
N~XT=l 
IF CIERR.LT.OlSTOP 
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l l . : . -__:___.__ 
. i . 

e 

5 

c 

-,_. .• ;;;;;-... -=--~--::" 

LINE=IBUFCNEXT) 
l':E>~T=NEXT + 1 

C CHECK AND REMOVE PARITY BIT 
c 

K=ICOUNTCLINEl 
IFC~ODC~.2).NE.llGO TO 10 

LINE=LINE.AND.177B 
RETURN 

10 IFCK.EO.O)GO TO 1 

16 8 

WRITECG.15) LINE, ICNT 
15 FORMAT(~ PARITY ERROR. ABORT ~.020.3x.r7.~ SAMPLES~) 
c 
C CAUSE CPU ABORT BY DIVISION BY ZERO 
c 

END 
(/8/9 
6/7/8/9 CEOI) 

A=O./O, 
A=A+A 
RETURN 

-·~·-- ~ ·-. . 

I 

I 

1-
.• ' • I 
l ,-.--· - - - : ' I ' • ~ . . . 
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JOBCARD. 
PASSWORD. 
FORTRfiN. 
LOAm(,LGQ. 
CO?YPLTCNO,L=48J 
(/8/g 

PROGRAM IFLTCINPUT,OUTPUT,PLOT,TAPES=!NPUT) 
C THIS PROGRAM GRAPHS AND LABELS A S MINUTE RUN. 

HHEGER CC 
REAL LENGTH 
DHi:::NSIOi·I CSTHC200), CNTHC200), TIMEC200) 
DATA CC/!/,TM/0,0/ 
REA!J 3.!DAY 

3 FORMATCI5,Fl2.) 
5 READCS,?) TIMECCC),NT,CSTHCCC),CNTHCCC) 
7 FORMATCFS.3,I2,24X,F6.3,18X,F6.3) 

IF C CSTHC CC). LE. 1. 0 )CSTHC CC )=l. 0 
!FCCNTHCCC).LE.1.0)CNTH CCC)=l.O 
CNTHCCC)=ALOGCCNTHCCC)) 
CSTHCCCl=ALOGCCSTHCCCl) 
!F CTIM~CCC).EQ.O.O.AND.CC.GT.1) TM=24.+TM 
TIM~ CCC)=TIMECCC)+TM 
IFCEOF,Sl 10,9 

9 IFCNT.NE. 0) GO TO 10 _ . . . . . . 
; , IFC · . CC. GT .. lS.S. OR.GSTHCCC)-, 0001. L.E. O. O.AND•CNTHCCC)-. 000-1 
~ 1.L:E.'o ·.ol Go·ro 11. · · · '. · · · · ·: · -. -_ . 

cc~cc+1 · 
GO TO 5 . 

10 CC=CC-1 . 
11 PRINT4~IDAY,fIMECl) 
4 FORM~Tc~ NLOG o~ DATA TAKEN ON DAY NO. •I4 •.•/•STARTING AT *·Fa. 
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· ' -- ; .!ii-:c~C·t r~-g= · 1 - ,. __ c_ - - ; ' - - • • ' " • ·~_:_ l - · ·:---·--· -·-~·---· - i · 
I - - • i. i r . ; . I . . 

. ; . DO 1.G J= 1 , ! T I - - . . • . • • • • . .- . . . • . • 

16 PRINT 17, CI,TIMEGil,CSTHCI),CNTHCil,I=J,cC,II) 
17'FDRMATC4ClX.I3,F7.3,2FS.4,3Xll 

CSTH CCC·:· U =O. 0 
CNTHCCC+ll=O.O 
csr1-:ccc+2l=l ./3, 
CNTHCCC+2l=l,/3, 
TIMECCC+2l=!,/3, 
rm:::ccC+ll= CIFIX CTIMECU*3) / 3.) 
LEf':GTH= C IFD<C CTIMECCC)-Til'iECCC+U+ .26 )*3)) 
PRIKT 2?, TI~ECCC+ll,LENGTH 

27 FORMAT (/2F!0.3l 
CALL PLOTS 
CALLPLOTCO.o.o.s,-3) 

7/8/9 

CALL A~<Isco.o.o.o.12HT!MECHOURS).,-12.LENGTH.o.o.TIMECCC+l),TIME~ 
! CC+2J,Ol 

CALL AXISCO.o.o.o.21HLNCCONCENTRATION/lO) .21.s .• so •• 0 •• 1,/3,,-l) 
C~LL PLOTC0 .• 8 •• 3) 
CALL PLOTCLENGTH.9 .• 2) 
CALL NUM~ERCLENGTH-3.,S.!,.4,!DAY,0.,6H!3,*-*) 
CALL NUMBERCLENGTH-1.97.S.1,.4,IFIXCTIM~Cl)),0.,2HI3) 
CALL SYMBOLCLENGTH-3 •• 8.?S,.2,14H+ -SOUTH HOME. • 0 •• 14) 
CALL SYl1ECLCLENGTH-3 .• a.so, .2.t4HX -NCRTH HO!iE. , 0 . .14) 
CRLL PLOT CLENGTK,9.,3) 
CALL PLOTCLENGTH.0 .• 2l 
C8LL LIN~ C TIME,CSTH,CC, 1,-1,3) 
er.LL UN:::(Til·:c::.Cl'lTH.cc.1.-1. 4) 
CP.LL PLOTCo.o.o.o.SS9l 
STOP 
END 

DATA FROM PREU!OUS PROGRAM WITH CARDS WITH IN AND !S LESS THAN ONE REMOVED. 
7/8/'.3 
6 / (/8/9 

;; 
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JOBCARD. 
PASSWORD. 
FORTRAN. 
LOADXCLGO,RUNLIBJ 
PROCEED. 
COPYBFCTAPE21PUNCH ,,DEF,DER,RIBJ 
COPYBFCTAPE3.PUNCH ,,DEF,DER,RIB,CON) 
?/8/9 

c 

PROGRAM DATARCINPUT10UTPUT,PUNCH,TAPE1=INPUT,TAPE2.TAPE3) 
REAL INFLSC2 ),INFLNC2 ) 
INTEGER STN .SPN .SPS .srs .SKN1SKS 
DIMENSION DATAC2QQ,12) ,T!MEC200),RETC21lOl ,NUM(9),HOLDOC40), 

l TIMC40) 
DATA NUM/l,2,3,4,7,g,10,11,12/ 
ERRDRCD1F1T1CF)=ALOGCCF/CCF-D))/(F*T) 

1 READC!,3) NDAT 
3 FORMAT< 15) 

IFC EDF ol HG, 4 
4 TM=0.00 

DO 10 I=l,188 
READC!,2) Til'iECI), <DATACI,J),J=l.12) 

2 FORi·IATCF6.3, 2>(, 3C2Fti.3, 2F6.2)) 
ff( THiEC I). EQ • 0. 00) Hl=Tl1+24. 
TIMECI)=TIME (!)+TM 

C COLUMNCDATA) WHAT IT STANDS FOR. 
c l . o~n WIND SET 
C 2 fiEW. l-fmD SE.T . . . . , 
C • 3 OUTSIDE 'DR'f BULB TEMP.L::RAr\JRE. 
C 4 OUTSIDE WET BULB TEViPERATURE 
C 5 CONCENTRATION SOUTH 
C 6 WIND DIRRECTION 
C 7 · • SOUTH HOM-::: DR\' BULB 

. C 8 SOUTH HOME WET BULB 
.l c. 9 . ~· CONCENi;rrn-.1 IOI'! NORTH HOME ' 

' · .: - . :.-.£ . I o - ~QL.SikflSDJ:ATION · · --' · . ---' - l 
. I • . • • ~ 11 ' ' . ~ l':ORTH .HOMC:· DRY 'BUl.:B . ! ' . I - ·---. . -4 ~-· 

-

C . 12 . . ~lORTH HOi'iE klET BULB 
c 

DO 20 J:5,9,4 
IFCD~TACI,J).LE.l.lDATA(!,Jl=l.O 

20 DATACI,J)=P.LOGCDATACI,J)) 
IF CEOF.! '15.10 

10 CONTINUE 
15 PRINT ? 

7 FORMATCn!DAY TIME INFLT INFLT RATIO OLD WIND ~IND *• 
1*CUTSID~ OUTSIDE STH HOME STH HOME SOLAR NTH HOME NTH HOM~ 
2WIND DELT DELT*• 
3 /6X,aST~RT NORTH SOUTH IN/IS SET*,6X1 
4*SPEED D~Y BULB WET BULB DRY BULB WET BULB RADIAT. DRY BULB 
S~ET BULB DIR SOUTH NO~TH*/33X, 
63CmAUGa,?X),5C*AUGa,GXJ,aAUGa,SX,*AUG*/33X,3C•STD.DEU. *)• 5C•STD 
7.D~U. o),oSTD.DEU. STD.TIEU.*) 

R:::AD 11, DS, DN 
11 rnrm1-1T c 2F5. 1) 

DO SJ=l.50 
~ERDCl, 12l STS ,SPS ,SKS.STN 1SPN oSKN 

12 FC;:(i·iATC6I5 ) 
IF CED?, U l • 14 

14 FLN=O.O 
ERN=O.O 
IFCSTN.EQ.0) GO TO 5 
l'i=O 
DO 35 I=STN,SPN 
IFCI.EO.SKN) GO TO 25 
ll=!i+ l 
HOLDO(N)=DATACio9) 
TillCl'il=THiECil 
GO TO 35 

25 R:::AD 13, Si(N 

1.10 

. ~ .. 



13 FORMATC2SX,!5) 
35 CONTINUE 

CALL LSTSOCN,1,TIM,HOLDO,JNFLN) 
FLN=-INFLNC2) 
ERN=ERRDRCDN,FLN,TIMCN)-T!MC1),EXPCHOLDOCN))) 
FLS=O.O 
ERS=O.O 
RATIO=O. 0 
IFCSTS.EQ.0) GO TO 56 

5 M=O 
DO 50 I=STS,SPS 
IF C I. ED. Si~S) GO TO 27 
N=li+l 
HDLDOCN)=DATA CI,5) 
TIMCN)=TitiEC I) 
GO TD 50 

27 READ 9, Sl~S 
9 FORMATC 10>(, !5) 

50 COliTINUE 
CALL LSTSOCN,l.TIM1HOLDO,INFLS) 
FLS=-INfLSC2) 
ERS=ERRORCDS,FLS,TIMCN)-TIMCl),EXPCHOLDOCN))) 
RATIO=FLN/FLS 
IF CSPN-STN.GE.SPS-STS) GO TO 56 

,SPN=SPS . 
. . , tSTN=STS' l , · . ' . · . · · 

. 58 
1 CAL~ ' W!ND(DAT~1S~N.6>~SPN-STN+l,RETt!. !0)) 
DO 30 l<=l • 9 
I =NUr·r (I( ) 

c . 
C COLUMNCRETJ WHAT ET STANDS FOR • . 

. C 1 . OLD · l~IN!J SET. 
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. c \ 2 • . 1 ·1E1~ ~llND SE:T I • • 

. . -- -c · : 3 • .. - I, ffifFS;E'!l'.: DR-V- ~!:lb!-B=-"FB'iFIE:RA+URE; . 
• · • C:: j 4 · ! OUT.SI DE C-IE'f El:.J!lB. TEMPERA TURE 

C 5 SOUTH HOME DRY BULB 

. . I . . -!..==-r ~ -.- - -_, - . l . 
. . : . . . ·I. ·.· 

C 6 SOUTH HOl ~E WET BULB 
C ? . SOLAR RF\DIATION 
C 8 NORTH HOME DRY BULB 
C g NORTH HOi·iE WET BULB 
C 10 WIND DIRRECTION 
c 

1-:0LD=O. 
HDLD2=0. 
NN=O 
DO 32 L=STN,SPN 
HOLD=HDLD+DRTACL,!) 
!'(~{=Nii+ 1 

32 HO~D2=HOLD2+DATACL,I)~*2 
RC:T C 1, I( ) =HOLD/ NN 

30 RET C 2, I() =SQRT C ABS C HOLD2-HOLD**2/NN) / C NN-1)) 
RETC1,2>=2. *RETC1,2l+.87 
RET C2,2)=2.nRETC2.2l 
RETCl17)=85.25nRETC1,7) 
RETC2.7)=85.25*RETC2.7) 
DTN=RETCl,Sl-RETCl,3) 
DTS=RET Cl,5>-RETCl,3) 
PRINTl 7, rmAT' TIMC::CSTI'!)' FLN , FLS , RATID • CRETC 1, K)' K=l· 10) 

l.DTS,DTN 
PRINT 19. TIMECSPN),ERN,ERS.CRETC2,Kl,K=l,10) 

17 FORMAT (!4.~F?.3. FS.2. 3Fl0.2. 5r9.2. Fa.a. 2F6.2) 
19 FORMATC5>< , 3F7.3, ?~(, F6.3, 3Fl0.3, 5F9.3, FS.l/) 

WRITE(2,!8l NDAT,TitiECSTN>,FLN,FLS, RATIO,CRET Cl.Kl,K=2,!0) 
l,DTS.DTN 

18 FORMAT CI3, F6.2, 2FG.3, F5.2, FS.2, 4F5.l, F4.0, 2F5.l, F3.Q, 2FS.1) 
l l) 

WR!TE C3.23l NDAT.TIME CSTN),FLNoFLS, RATIO, CRET Cl,K),K=2, 10) 
l'.~ITE ( 3, 21 ) NDAT. rm::: ( sm )' THIEC SP~I) 'ER~I. ms. ( RET C 2, K) ' K=2· 10) 

23 FORMAT CI4, F6.2,2r5.3,F5.2.5F6.2,F6.l,2F6.2,F4.0) 
21 FORMAT C I4.2~G.2.EF6.3,5FS.3,F6.2.2F6.3,F4.l) 



I 

~-

-

8 CONTINUE 
16 J=J-1 

PRINT 22,J,NDAT 
22 FORMAT(• TOTAL NO. OF RUNS= *•I21* ON DAY NO. •I4) 

STOP 
END 

SUBROUTINE ~INDCDATA,NP,RETN) 
DIMENSION DATAC1),RETNC2) . 
HOLri=DATACl) 
HOLD2=DATAC1)**2 
DO 10 J=2,NP 
IFCDATACJ)-HOLD/CJ-l).LE.-l.30)DATACJ)=DATACJ)+2.SO 
IF CDATACJ)-HOLD/(J-l).GE.1.30)DATACJ)=DATACJ)-2.60 
NN=J 
HOLD=HDLD+DATACJ) 

10 HOLD2=HOLD2+DATACJ).w2 

(/8/9 

RETNCl)=HOlD/NN*360,/2.SO 
RETNC2)=CSORTCABSCHOLD2-HOLD*"*2/NN)/(NN-1)))•360./2.60 
IF CRETNCl).GE.360.)RETNCl)=RETNCl)-360 : 
IF CRETNC1).LT.0.)RETNCl)=RETNC1)+360. 
RETURN 
END 

DATA DECK USED IN PREUIOUS PROGRAM. 
7/8/9 
ZERO DRIFT FOR THE SOUTH HOME AND ZERO DRIFT FDR THE NORTH HOME FLINCHED 

· IN' COLUMNS 1-5 AND' 6-Lo; REAL" F."DRMA:T. · . · . 
. 'tlAT'A 

0

INDIOATING THE DIUISI'ON OF -THE DAtrA IN'ro' TnME P.ERIOD's,· STARTING· Al'ID-; 
. STOPPING PbINT NUMBERS ARE PUNCHED WITH THE FOLLO~!NG INTEGER FORMAT. 

SST SSP SSK NST NSP NSK CSIS) . . 
SST-STARTING POINT SOUTH HOME, LE~UE BLANK IF SOUTH HOME NOT TO BE 

. CONSIDERED DURING THIS ' TIME PERIOD 
SSP-STOPPING POINT SOUTH HOME 
SSK-SKIP TH!S POINT WHICH· WAS INCORRECT SCUTH HOME 
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_ __ ·N~ST'-STARTIN,G .PDINT ('!ORTH HDl1E• LEBUE BLANK IF· NQ,~TH, HOME·~S .NOT TO ... BE · : . 
. · .CTJ11sTUERc:n-urm r !1G· 1 HTS1IiME'r.7E~RDNDRMAL . 11ERfITl"fA, rorr~ro:-"?~-,. -

IF SST AND NST ·ARE LEFT 'SLANK, ) · · . · 1 

NSP-STOPP ING PO I.NT NORTH HOME . . 
NSK-SKIP THIS POINT WHICH WAS INCORRECT NORTH HOME 

7/8/9 
S/7/8/9 

FOR EACH POSITIUE UALUE OF SSK AND NSK READ, THE PROGRJ1M WILL READ. 
ONE MORE CARD. SO ONE BLANK CARD MUST BE LEFT IN THE DECK AFTER ·THE 
LAST POSITIUE UALUE OF BOTH SSK AND NSK. IF NO POINTS ARE IN ERROR 
PUNCH A ZERO FOR SSK AND NSK DR LEAUE BLANK. 
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APPENDIX C: Data 

In the following tables is a list of all the infil-

tration data. 

.,.. • .____. ,-=-=-=-. ~ -·- - - - . •. - 'd --
• • I 

l -,· -·-·-· . - . . ~ --;--· -·--.- . ,. , --· - -- -· .. l . ; 

r 
.. 
• 
' 
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TABLE Cl: WINTER DRTA. 

t DAY · START NORTH · SOUTH RATIO WIND OUT SOUTH SOLAR NORTH WIND 
NO. TIME HOME HOME IN/IS SPEED DRY DRY RAD. DRY DIR. 

INFLT INFLT M/S BULB BULB WATTS/ BULB DEG. 
HR-1 HR-1 CC) CC) SOMT CC) 

344 2.75 .543 .322 1.69 1.82 -7.5 22.5 -0 22.7 346 
344 3.67 .618 .381 l.58 2.32 -6.7 22.8 -1 22.8 359 
344 6.25 .722 3.63 -5.2 23.1 -0 22.9 353 
345 1.67 .852 .540 1.58 5.65 3.9 23.8 -0 24.0 34 
345 2.25 .S36 .583 1.57 6.50 4.2 24.2 -0 24.0 25 

345 3.00 .759 7.01 4.6 24.1 -0 24.1 29 
345 3.00 1.257 7.13 4.6 24.3 -o 24.0 30 
345 3.83 .696 6.87 4.6 24.3 -0 24.0 25 
345 8.97 .855 .578 1.48 6.21 4.7 23.9 30 26.3 35 
345 9.33· .876 .563 1.56 6.51 4.9 24.2 51 24.l 31 

345 9.93 .927 .591 l.57 6.50 5.1 24.l 66 23.9 28 
345 10.33 .5?7 5.90 5.2 24.1 72 24.3 32 
345 10.37 .945 6.04 5.2 24.3 71 24.4 32 
345 10.97 .533 6.03 5.4 24.3 73 24.2 34 
345 10.73 .621 .263 2.36 1. 02 -4.7 23.4 247 23.7 2GG 

348 12.07 .570 .270 2.11 .53 -2.4 23.7 408 24.3 309 
346 12.50 .638 .353 1.81 .79 -1.6 24.4 349 24.0 43 
346 12 .93 .554 .255 2.17 .so -1.2 23.6 346 23.8 324 
346 "13.37 .504'. .250 2.02 . 1.78 :..2 . 2.4.2 354 24.3 327 
347 . :?."17 . • 591 ;294 2 .. 01 L.98 . . .:. •. 2 23.4 . . _,, 24: 7 . 42 ., . 
347 3.58 .638 .318 2.00 2.51 -.2 23.4 -1· 23.3· 58 
347 4.33 .751 .406 1.85 3.64 -.2 23.3 -1 22.7 55 
347 . 4 .. 67 .861 .• 437 . t.97 . 3. 94 -.1 23.5 -1 23.3 60 
347 5.25 1.092 .519 2.10 . 3:87 -.2 23:5 -0 .23 •. 3 .. 67 

~ I :H? · • ~· ~5 . .667 5.01 - .. 2 23.4 -1 23.5 68 . . . . I r . 
347 ·8 .. 83 ; • .e4a . ~o 1~ 7)3 · 4. 4r" ." ·.:i. r ._,:.~~~-39 _:_ _:~ 2-3-.-2-~4 t-··- · ·-· -. _,_.:. . 
347 9. l'?' 1.122 .639· .1.?S · ·5.3S . ."".9 . 23.3 · . 94. 23 .. 3 . . 56 1' : · · . · · 
347 9.75 .897 .543 1.85 4.84 - .6 23.3 147 23.4 65 
347 10.75 .688 5.35 .5 23.9 . 370 23.7 74 
349 5.58 ;487 .318 1.~3 3.15 -3.9 24.5 0 .. 24.9 33 

349 7.25 .598 .342 1. 75 3.43 -3.7 24.6 0 24.2 35 
349 8.42 .537 .408 l.32 4.<10 -2.8 24.6 52 26.0 30 
349 9.08 .632 .501 1.26 5. 02 -1.1 25.l 135 25.8 28 
349 9.67 .793 .584 1.36 5.56 .1 25.2 219 25.8 18 
349 10.42 .797 .498 1.60 5.49 1.8 25.3 308 25.0 27 

349 10.92 .781 .725 1. 07 4.91 2.8 25.1 357 2S.5 . 21 
349 19.42 .509 .373 1.36 3.54 2.3 24.8 0 25.8 63 
349 20.25 .406 .289 1. 40 2.99 1.5 24.9 0 24.9 60 
349 21.50 .322 .228 1. 41 2.33 1.1 24.9 0 25.0 42 
349 23.17 .389 .251 1.55 2.66 .8 24.7 0 25.3 53 

350 5.92 .329 .228 1.44 .53 -4.7 24.5 -o 24.9 52 
350 7.42 .2S9 .193 1.55 .85 -5.1 24.7 -1 24.8 11 
350 7.92 .310 .222 1.40 .63 -5.4 24.6 3 24.9 10 
350 8.42 .330 .216 1.53 .41 -4.7 24.5 36 25.0 356 
350 8.92 .336 .241 1.39 .46 -3.4 24.4 103 23.9 357 

350 19.00 .335 .226 1.49 .62 1.3 22.7 0 22.4 255 
35Q 19.83 .288 .191 1. 51 .SS -.3 20.3 0 lS.8 203 
350 20.83 .254 .164 1.55 .74 -1.2 18.1 0 17.6 224 
350 22.00 .237 .151 1.56 .73 -1. 7 1 El. l 0 15.7 189 
350 23.00 .233 .136 1.70 . 84 -1.8 14.6 0 14.l 115 

351 2.17 .261 .182 1.43 1. 01 -2.3 11. 6 -1 11. 2 353 

e 351 2.53 .337 . 24'~ 1.38 1. ?3 -1.3 11. s -1 11. 0 55 
351 3.25 ~-~ .285 1. 31 2.55 -1.3 11. 0 -1 10.8 71 • ..:J (...;:, 
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TABLE Cl CONT. 

t DAY START NORTH · SOUTH RATIO WIND OUT SOUTH SOLAR NORTH WIND 
NO. TIME Hm1E HOME IN/IS SPEED DRY D~Y RAD. DRY DIR. 

INFLT INFLT ~f/S BULB BULB WAITS/ BULB DEG. 
HR-1 HR-1 CC) CC) SQMT (C) 

351 3.58 .475 .365 1.30 3.29 -.4 10.7 -o 10.3 75 
351 3.83 .352 .266 1.32 2.68 -.9 10.3 -1 9.9 76 
351 4.42 .571 .377 1.52 3.62 -.2 9.9 -o 9.4 84 
352 19.00 .319 2.00 .7 25.9 -o 24.7 132 
3-::i :l- 19.17 .218 2.06 .9 25.8 -o 24.6 193 

352 20.50 •. 371 .253 1.47 2.03 1.4 26.0 -1 24.5 220 
352 21. 25 .299 .199 1.50 1.11 • 1 25.9 -1 24.7 279 
3c:::::i ..... ~ 22.58 .287 .171 1.68 .so -1.8 26.0 -1 24.8 14 
352 23.67 .283 .163 1.74 .47 -2.5 26.3 -1 25.2 14 
357 14.67 1.828 1.123 1.63 8.38 . 7 26.1 335 24.8 12 

357 15.33 1.470 .873 1.68 7.39 .9 26.0 257 24.7 13 
357 16.00 • 773 6.25 1.3 26.5 148 25.0 13 
357 16.33 .S52 7.58 1.2 25.9 3S 24.4 12 
358 13.25 2.239 7.98 -7.4 25.3 450 24.4 52 
358 13.42 1.135 8.28 -7.3 25.4 450 24.6 51 

358 14.42 .973 8.17 -7.2 25.0 392 24.2 54 
358 16.17 1.405 . • 794 1.77 5.63 -7.4 24.9 143 24.2 44 
358 . 16. 7.5 . 1. 557 .757 2.06 6.92 -3.0 25.2 64 24~5 42 . 
359· 15.32 .• 5-73 · • 3S4 l.45 . 6.93 . . . 4. l . 25,,'1 I . 1,55 . . 24. 7 . 85 . 

. 359' 15. 00 .514 . . 324 . 1. 58 6.19 4.2 .. 26.2 . 13~ 24:8 48' 

359 16.83 .473 .292 1.62 4.71 3.3 26.0 31 24.7 56 
362 14.00 1.468 1 .• 004 1. 46 8.07 6.5 26.5 347 27-'. 1 13 
362 14.42 1.358 .810 LGS 8.44 6 ~ 7 . 26.9 . 241 ' 25.7 7 
352 14.83 • 635. 7.13 . 6.9 25.6 151 25.0 15 

-- ,_ ;36? t4- ~ 92 _ L 047; · , __: ~ , ..!.._:__ . Z.! 2?_ f 6. 9 ___ 2.6~5_ , . l ?'7. · i 2_5__,-5_: 1 __ .1 3_ --} 
_ J • 

. 382 18·.ss . .°828 ;so~ . 1 .• 53. · :4.87' · ;,.1 · 26:s .: s1 · ! 25 .• 1 l :- f34 · . : . 
362 15.83 .441 :305 1.45 3.70 6. ff 26.4 64 25.9 2S 
362 17.08 .733 .420. 1. 75 4.23. 6.0 26.1 17 25.6 31 
362 . 17. 75 .303 3.22 5.1· 26.1 0 24.4 21 
362 18.17 .242 2.36 4.4 26.3 -o 24.7 21 

362 18.83 .277 3.02 4 .1 28.1 -o 25.0 24 
362 19.42 .352 3.49 4.3 25.9 0 24.8 27' 
363 11.33 1.360 6.42 -3.8 . 25.1 164 24 .. 7 49 
363 11.75 1.198 .696 1. 72 6.29 -3.5 25.2 195 24.6 54 
'<"'" -o .... 12.17 1.345 .791 1. 70 6.50 -3.5 25.3 197 24.3 39 

363 12.50 .738 . 8.81 -2.7 25.6 324 24.1 . 49 
263 12.50 1.236 6.95 -3.0 25.8 289 24.3 53 
363 13.17 .943 8.27 -2.0 25.5 340 24.3 43 
363 13.50 .875 7.20 -1.B 25.4 284 24.3 47 
363 13.83 .758 6.84 -2.4 25.4 188 24.2 43 

363 15.25 1.600 .881 1.86 7.51 -2.9 26.1 198 24.2 38 
363 15.58 1.167 .685 1. 70 5.25 -3.1 25.6 126 24.6 55 
·363 15.92 .962 .568 1.69 5.54 -3.2 26.3 110 25.0 52 
363 16.17' 1.280 6 .17 -3.2 26.3 123 24.8 52 
363 16.25 .759 6.58 -3.2 25.5 148 24.3 51 

363 16.67 .7'60 6.45 -4.2 25.0 84 24.5 47 
363 16.92 .681 6.20 -5.1 25.6 21 24.4 48 
364 11.33 2.184 7.74 -10.7 26.5 251 25.9 ~o 

-'-
364 11.75 1.129 7.58 -10.3 26.6 252 25.0 40 
364 12.83 1.253 9.32 -10.0 25.4 277 25.8 43 

364 15.00 1.325 • 779 1. 7'0 6.69 -8.1 26.0 151 25.4 42 

t 364 15.50 1. 475 .761 1. 92 6. ?1 -3.S 26.2 !SS 25.4 -:('.:' _ _, 
3S4 15.83 1.625 7.27 -8.S 25.6 158 24.9 27 
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TABLE Cl CONT. 

t DAY START NORTH SOUTH RATIO WIND OUT SOUTH SOLAR NORTH WIND 
NO. TIME HOME HOME IN/IS SPEED DRY DRY RAD. DRY DIR. 

INFLT INFLT M/S BULB BULB WATTS/ BULB DEG. 
H?--1 HR-1 CC) CC) SQMT CC) 

364 15.83 .869 7.26 -8.7 25.8 152 25.2 33 
364 16.75 .749 6.20 -9.5 25.9 50 25.1 43 
364 17.08 .549 4.67 -9.9 25.7 . 17 25.l 41 
355 12.08 1.445 .808 1.79 5.67 -4.4 26.6 315 24.5 58 
3o5 12.58 l.354 .734 1.85 5.28 -4.5 26.3 318 24.7 50 

355 13.08 l.613 .718 2.25 5.39 -5.6 26.0 248 24.5 63 
305 13.58 .825 6.01 -5.6 25.9 272 24.6 61 
365 14.08 .618 5.40 -5.7 26.0 310 24.9 60 
365 14.92 .804 .444 1. 81 4.90 -7.0 26.0 162 24.5 74 
365 15.83 1.391 .653 2.01 6.50 -9.1 25.9 105 24.4 69 

355 16.25 .595 S.60 -10.6 25.4 64 24.4 69 
365 16.25 1.344 5.50 -10 .2 25.5 75 24.5 78 
365 16.92 .724 6.62 -12.1 25.0 20 24.0 52 
3SG 12.08 1.256 .815 1.54 5. 15 -14.0 25.5 477 25.0 35 
365 12.50 1.093 .688 1.5S 4.88 -13.6 25.4 490 25.1 42 

366 12.83 1.607 . • 889 1.81 5.78 -13.0 25.7 499 25.3 38 
366 13.50 . 1 .'95o· . L0'15 · 1.94 7.80 - .12. 7 . . 25. 8 494 25.6. 42 · . 
366 . · 13 . 92 ' .908 . '6.87 . . -12.1 . 2,5.·7. 475 · 25.4 . 44 . . I 

358 . 14.25 . 1:. 079 . ·7 .. 09 . -1·1 ; s 26. l · 44i 25.6 40 
• l 

366 16.33 1.553 .816 1.90 5.74 -11. 4 26.4 142 25 : 1 44 

. 368 17.00 .857 5,92 -12.2 25.9 . 35 · 25.2 37 
366 17.33 .531 . . 5.39 -12 . 9 2s:9 · 13 . 25. 7 25 
356 17.67 .765 5 .. 99 -12.9 25.7 

. 355 '18, ti5 .. .· i . . ; G68 " . . ·. 4.a8 \ ;-1;3.7 .26. el •. ,----, ~ · -- J ' 12.6 t· . 4 6~ : J1s: r.-qs--2.so. 1 _ - u.o . 26-:-: . ~ . . . . ..... . . 
3 13.00 .445 .301 1.48 2.43 .3 27.0 ·2.19 25.4 19 
3 13.75 .489 .306 1. 60 . 2.85 .5 21". 3 220 ' 25.9 l.7 
3 14 .. 08 . '498 . .·339 1.47 2.95 .7- 27.0 212 25 '. 5 19 
4 12.50 1.079 .613 1. 76 3.95 -.2 26. l 196 24.5 138 
4 13.00 .948 .517 1.83 3.55 • 1 26.3 201 25.0 135 

4 13.50 1.169 .561 2.09 3.75 • 1 26.3 185 25.4 132 
4 13.92 .483 3.76 .2 26.2 163 24.7 137 
4 14.42 .417 4.04 .3 26.4 127 24.? 135 
4 15.42 1. 218 4.40 .3 26.5 146 24.8 136 
4 15.50 .675 4.29 .3 26.3 129 24.5 137 

4 16.00 1.342 4.52 .2 26.4 82 24.8 . 134 
4 15.33 .846 4.56 . 1 26.3 53 24.8 132 
4 16.92 .539 4.57 o.o 26.2 20 25.0 130 
4 17.25 .SSS 4.98 0.0 25.7 7 25. l 131 
5 12.33 .502 .325 1.54 3.25 -1. 0 26.4 447 25.3 97 

5 12.92 .489 .287 1. 70 3.30 -1. 0 26.3 454 25.3 69 
5 14.00 .527 .291 1. Bl 4.05 -1.4 26.7 419 25.8 87 
5 15.08 .486 3.39 -1.5 26.0 331 25.7 85 
5 15.50 .427 .262 1.63 2.90 -l.8 26.5 232 25.1 91 
5 15.50 .357 .238 1.50 2.28 -2.s 26.2 89 25.1 94 

5 17 .33 .324 .205 1.58 1.22 -5.7 25.8 4 24.7 90 
6 15.00 .880 .610 1.43 4.93 -.2 26.G 127 25.5 18 
5 16.7'5 .GSO .420 1.65 3.89 -l.1 26.6 21 25.3 22 
7 12.33 1.442 .874 l. 65 5.44 -11.G 25.l 507 25.3 45 
7 12.92 1.177 .682 1. 72 4.65 -11. 4 25.9 517 25.6 45 

7 13.50 1.242 .519 2.01 4.37 -11. 2 25.9 509 24.9 46 

I 7 14 .00 .361 3.39 -10.7 25.7 481 25.0 44 
7 14.58 .527 4.43 -10.7 25.9 ~3S 24.8 34 
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TABLE Cl CONT. 

DAY 
NO. 

7 
7 
7 
7 

10 

10 
11 
11 
11 
11 

11 
11 
12 
12 
12 

12 
18 
18 
18 

. 18 . 

·18 
18 
18 
18 
18 

._:__fa .. 
' is · 

18 
18 
18 

18 
18 
18 
18 
18 

18 
18 
19 
19 
19 

19 
19 
19 
19 
19 

19 
24 
24 
24 
24 

START 
TIME 

15.25 
.17. 25 
17.83 
18.33 
16.08 

16.83 
15.42 
15.75 
16. l 7 
16.67 

17.08 
17.08 
15. l 7 
15.75 
16.08 

17.00 
2.58 
4.58 
5.00 
5.67 

B.42 
6.83 
7 ;33 
8 .• 00 
8.25 

NORTH 
HOME 
INFLT 
HR-l 

.516 

.441 

.481 
2.810 

.806 

.958 
1.024 

.765 

.807 

.746 

.657 

.570 

.776 

.515 

.549 

.494 . 
. ;549 

.654 

.S84 

.851 

SOUTH RATIO 
HDi1E IN/IS 
INFLT 
HR-1 
.485 
.349 1.48 
.287 1.54 
,300 1.61 

1.349 2.08 

1.130 
.570 
.698 
.725 
.595 

.573 

.462 

.382 

.328 

1. 41 
1.37 
1. 41 
1.29 

1.62 
1. 72 
1. 74 

WIND 
SPEED 
M/S 

4.02 
1. 74 

.59 

.72 
10.68 

9.62 
4.64 
5.41 
5.28 
5.16 

4.73 
4.79 
3.02 
2.29 
1.95 

.405 1.92 2.32 

.276 1.85 1.15 

.391 1.40 1.43 

.340 1.45 1.82 
· ; 3S2 .. f. 44 · 2 .. 4_4 

. . 381 
.506 
.435 
.528 
.381 

1. 74 . :3. 53 
1.95 4.39 
1. 95 .4. 01 

4.33 
3. ·16 

OUT 
DRY 
BULB 
(C) 
-10. 7 
-13.9 
-14.9 
-15.6 
-7.2 

-7.7 
-11.9 
-12.1 
-12.1 
-11.9 

-12.4 
-12.3 
-12.4 
-12.7 
-13.0 

-14.6 
-24.7 
-25.1 
-24.l 

. -21. 3 
. . 

-19. ?' 
-19.l 
-18.7 
-18.3 
-18.l 

SOUTH 
DRY 
BULB 
CC) 
25.7 
25.5 
25.3 
25.l 
29.2 

29.3 
26.S 
26.7 
26.9 
26.l 

26.5 
26.l 
26.l 
25.9 
26.2 

26.l 
24.9 
18.4 
14.5 

. 10; 9 

8.8 
7.2 
5.4 
4.2 
3.5 

SOLAR 
RAD. 
WATTS/ 
SQMT 

362 
27 

0 
-1 

139 

71 
265 
167 
129 
126 

29 
33 

383 
318 
213 

52 
-1 
-1 
-1 
-1 . 

-r 
-1 
-1 

1. . 
8 

NORTH 
DRY 
BULB 
CC) 
24.1 
24.l 
24.4 
24.7 
27.B 

27.8 
25.7 
25.7 
26.0 
26.0 

26.3 
26.5 
25.3 
25.3 
24.9 

24.8 
24.3 
17.4 
13.0 
. 9.2 

·5,6 
5.0 
3.3 
2 .. 0 
L4 

WIND 
DIR. 
DEG. 

38 
42 
35 
91 
so 
37 
17 
16 
20 
11 

n 
15 
34 
34 
33 

28 
46 
67 
55 
56 

96 
102 

99 
86 

104 

· 8..,...5R..:_ ' . ~ -c \. 2n __ · , · _ . 2 ~57 . - 117. z; : _ 2... 8 . _.: . · 23 · _ I ___ • 8 · 9_4· I 
9.00 . . j.359. .. . 3.16 . .. ~17 .3 .· I.s:J ·. '54 . r o.o · .· .g5 -· .' -- · 

18.67 .408 .266 1.53 .69 -14,4 . 23. 7 -1 . . 23.·9 . tl7 .. 
19.08 .403 .244 1.65 1.56 -13.9 23.6 -1 23.9 135 
19.50 .424 .264 1.61 2.03 · -12.3 23.4 -1 .24.4 147 

20.42 
21.33 
22.42 
23.03 
23.42 

23.42 
24.25 

1.33 
1. 67 
2.08 

2.83 
17.33 
17.58 
17.83 
18.25 

19.08 
15.50 
15.52 
16 .17 
16.58 

.429 

.553 

.964 
1. 312 

1. 714 

1. 309 
1.034 
1.212 

.861 

.942 

.680 

.479 

.449 

.556 

.805 
1.249 
1.764 
1.642 

.275 

.349 

.521 

.6GO 

.695 

.765 

.760 

.566 

.660 

.526 

.614 

.413 

.283 

.209 

1.56 
1.59 
1.85 
1.99 

1. 72 
1.83 
1.84 

1.64 
1.53 
1.65 
1.69 
2.15 

.272 2.05 

.604 1.33 
• 724 1. 72 
.837 1.99 
. 752 2.18 

1.56 
2.83 
4.51 
5.78 
5.41 

5.77 
6.96 
6.29 
4.82 
5.51 

4.19 
4.21 
3.48 
2.24 
l.G3 

2.ss 
3.84 
5.53 
7.58 
6.15 

-14.9 23.5 -1 24.l 123 
-16.9 23.4 -l 24.l 99 
-11.3 23.3 -1 24.8 118 
-10.3 23.9 -1 24.2 114 
-10.3 23.5 -1 24.5 112 

-10.1 
-11.2 
-12.8 
-13.3 
-14.0 

-15.3 
-12.1 
-12.2 
-12.5 
-12.s 

-11.8 
-.4 
-.s 
-.9 

-1. l 

23.6 -1 24.6 . 
23.5 -1 24.7 
23.6 -1 24.7 
23.7 -1 24.6 
23.6 -1 24.6 

23.8 -1 
24.4 21 
24.6 7 
23.3 0 
23.2 -1 

23.5 -1 
24.6 69 
24.4 43 
24.5 30 
24.7 25 

25.2 
23.9 
24.2 
24.0 
24.0 

24.4 
24.9 
24.5 
23.8 
24.4 

1!4 
107 
116 
114 
98 

86 
49 
2S 
16 

5 

27 
61 
49 
63 
65 

24 17 .17 .580 5.55 
.SSS 2.24 8.31 
.824 S.52 

-1. 4 24.7 6 24.2 
24.6 
24.3 

84 
12 
16 

31 16. 92 2. 167 
31 17 .50 

-8.6 
-9.3 

25 .4 140 
24.9 44 
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TABLE Cl CONT. 

t DAY START NORTH SOUTH RATIO WIND OUT SOUTH SOLAR NORTH WIND 
NO. TIME HOME HOME IN/IS SPEED DRY DRY RAD. DRY DIR. 

INFLT INFLT M/S BULB BULB WATTS/ BULB DEG. 
HR-1 HR-1 CC) (C) SQMT (C} 

31 18.25 1.764 .867 2.03 6.84 -10.5 25.4 -1 25.2 21 
31 18.67 2.165 .912 2.37 8.44 -10.7 25.4 -1 24.6 26 
31 19.50 1.847 .933 1.83 7.59 -11.2 25.3 -2 25.2 15 
31 20.75 1.G78 .832 1. 80 6.69 -11. 8 25.5 -2 25.5 31 
36 2.92 1. 215 .738 1.65 5.99 -11. 3 24.4 -2 24.5 89 

36 3.75 1.333 .781 1. 71 5.53 -12.0 24.7 -1 25.4 96 
36 4.42 .7?2 4.90 -12.4 24.9 -1 24.5 100 
36 4.42 1.184 4.55 -12.4 25.2 -1 24.8 108 
38 15.17 .740 .426 1. 74 2.35 -6.4 25.6 505 23.0 49 
38 15.42 .791 .401 1.97 3.33 -5.4 24.9 452 23.9 64 

38 16.00 .569 .315 1. 81 2.98 -7.3 24.9 370 23.9 59 
39 3 .25 .471 .231 2.03 .59 -17.3 18.9 -1 16.6 262 
39 3 . 75 30~ . ~.., .140 2.81 .50 -16.7 15.6 -1 13.4 219 
39 4 .75 .347 .221 1.57 .67 -r5.5 11. 6 -1 9.6 215 
39 5.83 .301 .117 2.57 .61 -14,·5 8.4 -1 6.6 188 

39 7.08 .304 .218 1.40 .74 -14.5 6.6 -2 4.7 222 
39 7.42 .265 .176 1. 51 .80 -14.5 5.6 3 3.9 243 
39 8.33 .252 .147 1. 79 . 75 -13.8 5. 1 55 3.3 337 
39 8.83 .394 .217 1.82· .es -11;7 . 18."0 . : 1·78· . 15.3 335 
jg .. 9.5"?. . 345 ' .210· t .q4 . 2'. 53·. -:8: 9 . 2.4. 15 . 252 . 25.4 > • ~59 .. . . 
39 10.08 .392 .229 1. 72 3.34 -8.3 24.2 . 280 23.4 24 
33 10.58 .485 .301 1. 61 3. 77 -6.6 24.5 385 23.6 16 
39 11.58 .431 .323 1.. 49 4.58 -4.3 24.3 . 509 23.5 . 12 
3S. 12.25. .. 657 .3S'3 1.67 ' 5.77 ..:4. 1 24.2 588 23.5 . . . 27 
39 12.75 .669 .384 1. 70 4,·94 -3.7 24.2 617 23.5 . 19 

l · · · ~ · I · · ' . - .. ,._:_ ! . - . . . l . - --· ' - • - - -~· I ' ,_ . . . _, • -· . 

--· 1 •· ..... -. -. ~· 13.83 · .58?. r::-uo-_.-r.<+q ·.- ~rn -"3. 0 · 24.~ I 6 I 4 . ·23 . s--·---ic:-r: . 
' • • . 39" · 14,08 .466 I .331 . 1.41: ' 4.61 -2.6 24.4 . 595· 23.5 . 5 . 

39 14.42 .641 .399 1.61 4.'16 -2.6 24.8 573 23.7 0 
39 14.92 .493 .368 1.34 4.96 -2.3 24.9 493 23.6 . . 8 
39 15.83 .440 . • 34•1 l.2s · 4.81 -2.2 · .24 .• :l . 322 23.8 10 

54 15.50 .490 .270 1.83 4.75 14.8 26.3 25 25.9 68 
54 16.58 .390 .300 1.29 4.92 13. 1 26.2 15 25.6 195 
54 17.50 1.110 .680 L64 7 .80 12.5 26.2 7 25.2 306 
54 17.83 2. 040 1. 010 2.03 9.34 12.6 26.4 5 26.0 299 
54 18.67 1.820 .990 1.95 8.67 12.1 26.2 0 25.6 303 

54 19.67 2.550 .990 2.57 10.76 11. 7 26.2 0 25.7 302 
55 13.67 2.106 1.077' 1.95 9.34 3.1 26.0 126 25.8 57 
55 14.25 1.975 .972 2.03 9.59 3.6 25.5 93 25.6 66 
55 15.00 1.730 .991 l. 75 8.95 3.8 25.6 60 25.7 53 
55 15.33 1.365 .81.4 1. 70 7.48 3.8 26.0 48 25.2 59 

55 15.92 1.195 .774 1.54 7.65 4.3 25.6 27 25.6 40 
55 16.33 1.102 .615 1.79 6.87 4.3 25.7 13 25.4 44 
55 16.83 .771 .412 1.87 5.12 4.1 25.5 3 25.7 49 
55 17.33 .582 .240 2.43 4.31 3.8 25.1 1 25.1 75 
55 18.00 1.932 1.020 1.95 9.72 3.0 25.6 0 25.4 73 

55 18.42 1.548 .695 2.23 8.88 3.0 25.4 -1 25.8 74 
55 19.00 1.534 .832 1.84 7.91 2.8 25.6 -1 25.2 74 
55 20 .17 1.460 .sos l. 81 8.58 3.1 25.3 -1 25.2 74 
55 21.17 1.340 .786 1. 71 7.24 2.8 25.2 -1 24.9 64 
55 22.17 1.640 .972 l. 69. 7.27 3.2 25.B -o 24.6 70 . 
55 22.58 1.330 .742 1. 79 8.00 3.2 25.1 -1 25.3 72 

e 60 13.25 1.090 .500 2.16 5.01 -.2 25.6 754 25.? 108 
50 14.42 l. 150 .610 1.89 5. 09 -.1 25.8 899 25.5 103 
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TABLE Cl CONT. 

DAY 
NO. 

START 
TIM~ 

NORTH · SOUTH 
HOME HOME 
INrLT INFLT 
HR-! HR-1 

RATIO WIND 
IN/IS SPEED 

M/S 

OUT 
DRY 
BULB 
CC) 

SOUTH 
DRY 
BULB 
(C) 

SOLAR 
RAD. 
WATTS/ 
SQMT 

NORTH 
DRY 
BULB 
CC) 
25.a 
25.7 
25.8 
25.5 
25.1 

WIND 
DIR. 
DEG. 

60 
60 
60 
60 
80 

15.42 
18.53 
17.50 
17.83 
18.83 

1.110 .590 
.910 .400 
. 860 . 500 
.550 .300 
.330 .150 

1.83 5.a6 
2.28 4.76 
1. 72 4. 5a 
1.83 3.16 
2.06 . 1.07 

o.o 
o.a 
-.3 

-2.9 
-2.8 

25.7 
25.6 
25.6 
25.5 
25.2 

553 
354 
197 
80 

2 

106 
105 
102 
107 

80 

60 
60 
63 
63 
63 

83 
63 
63 
63 
63 

83 
83 
63 
83 
64. 

19.92 
21.S2 
16.83 
17.08 
17.33 

18.00 
19.00 
19.S2 
20.33 
21. 00 

.320 

.330 
1.734 
l. 360 
1.704 

1.290 
2.034 
1.SEG 
1.735 
1.937 

21. 92 1. 379 
22.33 1.219 
22-.83 1.350 
;;;3.83 .. . 
18• 50 1. 040 

64 18.83 .835 
.84 17. 50 . 871 
64 17.83 .654 
84 18.08 .476 
64 18. 83 .326 

·" - . -
.~---:-;-·--;..-- ; -,-- !""1 1p· . 

: 64 · _9.rS 1 .3.A 
64 21.33 .330 
64 22.00 .329 
67 18.67 .414 
67 19.00 .339 

67 
67 
57 
67 
67 

67 
67 
67 
G9 
69 

69 
59 
69 
69 
69 

69 
69 
69 
69 
G9 

G9 
E9 
69 

19.50 
21. 00 
21.83 
22.33 
22.S2 

23.17 
24.00 
24.42 
18.42 
19.67 

20.67 
21.G7 
22.00 
23.00 
23.33 

23.92 
24.92 
25.75 
25.50 
27 .17 

28.00 
2s.sr-
~o ~~ 

c:.~ • ..:..:i 

.307 

.506 

.459 

.512 

.433 

.564 

.513 

.617 

.773 

.486 

.396 

.453 

.643 

.452 

.325 

.292 

.292 

.238 

.250 

.223 

.241 

.247 

.227 

.22a 

.210 
1.062 

.818 

.S68 

.703 
1.0S4 
1.0S8 

.944 
1. 013 

.731 

.624 

.7?2 

.991 
·.A.83· 

1.45 
1:5s 
1.G3 
1.67 
1. 78 

1.83 
1.86 
1. 70 
1.84 
1. 91 

l.89 
1.95 
1.75 . 

2.15 ' 

.41 

.38 
8.26 
7.85 
8.81 

6.31 
10.26 
8.49 
7.72 
8.57 

5.4a 
5.18 
5.81 

·7.1? 
5 .. 55 

-5.6 
-7.4 
6.0 
5.8 
5.5 

5.2 
4.4 
4.a 
3.9 
3.7 

3.7 
3.8 
3.7 
·3.6 

-a.a 

25.1 
25.l 
25.8 
26.4 
26.3 

25.9 
26.0 
25.8 
26. l 
25.2 

26.3 
25.7 
25.1 
25.9 
26,.0 

a 
0 

83 
25 
26 

11 
-1 
-1 
-1 
-1 

-1 
-1 
-1 

·-1 
380 

25.1 
25.l 
25.3 
26.2 
26.6 

26.0 
25.8 
26.1 
25.7 
26.0 

25.3 
25.6 
25.8 
26.S 
2·s . 2: 

94 
103 

64 
49 
51 

58 
70 
61 
65 
65 

62 
G2 
58 
67 

105 

.3S8 2.la 4.36 -.1 25.4 304 25.6 99 

.493 !.77 4 . 45 -.4 25.2 -171 26.1 107 

.355 1.79 . 3.·58 -.5 25.7 11! 25.Q 114 

.2s3 1.81 2 .. os -i.o .. 2s.3. 56 25 . 7 104 

.163 2.00 . 73 -3.1 25.4 -1 25;1 8a 

:~24 ~ -{,'49 " ~ .4~~ -.-~-s ~.t _..: 2s.o . f. · -1 i . 25.:4.. :.". · s·o· -l 
• 192 ' l. 72 • 38 . -s. 5 25'. 0 . . - 1 · ·24. 9 · l 04 
.209 1.58 .38 -7.5 25.0 -1 25.3 104 

.• 378 1.10 4.31 16.5 2l . 4 6 27. 5 18 
.310' 1.09 3~93 15.4 26. 7 0 .. 26.9 . 14 

.257 

.449 

.378 

.394 

.385 

-~·29 
.387 
.424 
.444 
.245 

.3al 

.209 

.290 

.310 

.230 

.201 

.151 

.205 

.213 

.173 

1.19 
1. 13 
1.21 
1. 30 
1.12 

1. 31 
1.33 
1. 45 
1. 74 
1. 98 

1.32 
2.16 
2.21 
1. 49 
1. 41 

1.45 
1. 94 
1.16 
1.22 
1.32 

.207 1.16 

.205 1.20 

.1E9 1.34 

3.48 
4.:JS 
4.94 
4.84 
4.25 

4.64 
3.55 
4.17 
5.70 
5.08 

4.64 
4.53 
4.94 
3.79 
3.61 

2.37 
2.54 
2.42 
2.5a 
2.57 

2.55 
2.74 
2.30 

14.4 
14. l 
13.3 
13.3 
13.2 

13.0 
12.3 
12.4 
18.5 
16.6 

15.5 
14.7 
14.7 
13.5 
12.9 

11.3 
11. 1 
10.9 
11. 2 
10.6 

10.3 
9.9 
8.7 

26.0 
25.2 
25. 0 
26.3 
26.2 

26.3 
25.6 
26.4 
27.1 
26.0 

26.2 
26.3 
26.2 
26.3 
26.3 

26.3 
25. l 
26.7 
26.6 
25.4 

26.4 
26.4 
26.3 

-a 
0 
0 
a 
0 

0 
0 
0 

74 
2 

0 
-o 

0 
0 
0 

0 
0 
0 
0 
0 

-o 
-o 
-o 

26. 1 
25.l 
25 .3 
2S.8 
26. 2 

25.8 
25 . 1 
26 .a 
27 . 1 
25.9 

26.1 
25.1 
26.0 
26.2 
26.S 

26.2 
25.0 
26.0 
26.5 
26.3 

25.2 
25.2 
25.3 

5 
18 
25 
25 
36 

38 
38 
32 
38 
21 

21 
27 
35 
37 
41 

37 
33 
19 
26 
11 

23 
15 

3 
i 



TABLE Cl CONT. 

t DAY START NORTH SOUTH RATIO WIND 
NO. TIME HOME HOME IN/IS SPi::ED 

INrLT INFLT M/S 
HR-1 HR-1 

69 30.00 .227 .190 1.19 2.21 
69 30.G7 .242 .154 1.57 1. 78 
69 31.33 .239 .164 1.46 1. 78 
69 32.00 .238 .137 1. 74 2.36 
70 22.00 1.594 .851 1.65 7.00 

70 22.42 1. 714 .852 2.01 7.40 
70 23.00 1.724 6.88 
70 23.08 .788 7.43 
70 23.83 2.598 1.293 2.01 8.76 
70 23.52 2.420 . 1.095 2.21 9.46 

70 

' 
' 

24.67 

. - . ·-·-L . ·- · .! 

. 1 

e 

2.056 1.083 1. 90 9.89 

-- > - ~ 

OUT SOUTH 
DRY DRY 
BULB BULB 
CC) CC) 

8.5 26.4 
7.8 26.3 
7.8 26.7 
8.3 26.7 

17.7 26.3 

18.0 26.3 
17.8 26.2 
17.8 26.l 
17.5 26.0 
17.5 26.2 

17.7 26.2 

4---•- . ', 
" . ; . . 

SOLAR NORTH 
RAD. DRY 
WATTS/ BULB 
SOMT CC) 

0 25.3 
0 26.2 
0 26.4 
8 26.4 

-0 26.1 

-o 25.2 
-1 25.5 
-1 25.3 
-1 25.4 
-o 25.6 

-o 25.3 

· - ' 

180 

WIND 
DIR. 
DEG. 

26 
10 

358 
1 

233 

139 
235 
221 
164 
150 

134 

I 
. f 
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TABLE C2: SPRING DATA. 

I DAY STA~T NORTH SOUTH RATIO WIND OUT SOUTH SOLAR NORTH WIND 
NO. TIME HOME HOME IN/IS SPEED DRY DRY RAD. DRY DIR. 

INFLT IN FLT M/S BULB BULB WATTS/ EULB DEG. 
HR-1 HR-1 CC) CC) SQMT CC) 

73 18.08 .246 .158 1.55 2.14 19.2 30.9 59 29.7 337 
73 18.92 .267 .102 2.63 1.43 16.2 29.3 0 28.0 298 
73 19.92 .259 .158 1.64 1.43 14.8 27.9 -o 26.5 313 
73 21.25 .329 .224 1.47 2.'49 15.4 26.4 -o 25.0 310 
73 22.33 .273 .178 1.54 1.88 14.0 26.3 -0 24.8 292 

73 22.75 .378 .209 1. 81 2.43 13.2 26.6 0 24.8 277 
73 23.58 .259 .187 1.39 1. 71 12.l 26.6 0 24.7 291 
73 24 . 50 .333 .239 1.39 2.43 13.0 26.8 0 24.5 305 
73 25.50 .298 .223 1.34 3.10 13.2 26.6 -o 24.5 300 
73 25.83 .223 .176 1.26 2.00 12.3 26.6 0 24.6 319 

74 20.00 1.277 .687 1.86 6.76 11.9 26.2 -o 25.5 116 
74 20.42 .952 .460 2.07 5.42 11. 7 26.4 -o 25.4 112 
74 21.17 .690 .480 1.44 3.35 11. 0 26.2 -o 25.9 102 
74 21.42 .535 .341 1.57 3.50 1l.0 26.2 -o 25.6 102 
74 22.58 .970 .523 1.85 6.06 10.8 26.5 -o 25.7 107 

74 23.58 1.060 .405 2.62 5.42 8.9 26.6 -o 25.8 94 
74 24.17 1.247 .440 2.83 5.94 8.4 2G.5 . -o 25.6 95 
74 24.58 1.226 .642 1.91 6.45 s.o 25.5 0 26.0 88 
74 .24.92. .687 .290 2.37 5.·35 · ' 7·.4· . 29. 2 . - o . 25' .. s 100' 

'74 . 25.50 . ;599 .180 . 3 .. 33 :· 5.13' . 6. 0 25.7 . ·. -o "25. 5 99 . . . . 
76 12. 08 2.224 1: 093 2.04 6.96 13.6 29.0 396 28.0 168 
76 13.17 :.860 1. 001 1.86 6.89 15.3 29.1 526 28.4 254 
76 13.67 .810' . 6.97 14.7 29.2 . 220 28.4 . 110 
76 . 14.33 1.806 .915 1.97 7.70 14.7 . 29.1 178 28.4. 208 
76 14.67 .SS2 . • 365 2.72 5.18 14.9 28.·9 \ 1:1 ~; _ : _! s_ •. 9 _ _ _.! 248 . t . . . . . 

. . . . I . . . . . . . . ----. . l - · - ·- . . - , 
-----:-~-- I :zt;-----.+5-;-4a-·~s ---;sos. r . 5u 3 . 98 · i:s: I . 29.3 . ! . 74 . 29,2 · 274 . 

. . 78 · · 1 s. s? · 1. i 71 . ~ 614 1. 91 . 4 ! 98 · · · 14. 7 · 29. o· 56 28.4 239-
76 18.08 .950 . 498 1.91 5.53 14.6 29.2 37 28.8 278 
77 13.08 1.603 .797 2.01 7.73 17.3 37.5 145 36.9 105 
77 14.25 1.396 • 736 ·1.90 S.87 17.7 38.1 60 . 38.2 109 

77 22.33 .309 .133 2.31 2.56 2.4 25.8 -1 25.5 175 
77 23.50 .304 .189 1.61 1.90 .9 24.5 -1 24.3 186 
78 1.25 .411 .305 1.35 1.35 3.7 25.6 -1 26.4 140 
78 1. 75 .392 .282 1.39 1.14 3.7 26.9 -1 26.4 128 
78 2.s2 .315 .227 l. 39 .46 4.S 27.6 -1 26.9 117 

78 3.83 .285 .150 1.90 .70 4.5 27.5 -1 . 27.2 . 279 
78 5.00 .254 .179 1.41 1.29 3.9 27 . 4 -1 27.3 189 
78 6. 08 .256 .178 1.44 1.12 3.9 27.7 -o 27.3 185 
78 7 .17 . 476 .283 1.68 3.17 4.4 27.5 11 27.3 210 
78 8.08 .565 .300 1.89 3.25 4.6 27.8 43 27 .1 215 

78 9.17 .468 .232 2.02 2.98 5.4 27.6 78 27.4 264 
78 10.25 .666 .421 1.58 3.33 6.3 27.9 142 27.5 263 
78 11.42 .925 .462 2.00 4.25 6.6 27.8 141 27.3 267 
78 12 . 33 1.085 .569 1. 91 4.93 6.7 27.8 170 27.3 261 
78 13.42 .770 .410 1.88 4.70 9.2 29.2 189 29.0 292 

78 13.75 1. 004 .510 1. 97 4.62 9.7 29.7 198 29.5 272 
78 14.42 1.058 .538 1.97 4.99 9.9 29.6 151 29.9 275 
78 14.83 .682 .359 1. 90 4.50 10.0 30.0 114 29.6 274 
78 15.92 1. 055 5.13 9.5 29.3 195 28.8 263 
78 16.75 .S78 .462 2.12 5.27 9.1 29.l 139 28.4 260 

78 17.08 1.295 .G76 1. 91 5 .94 8.9 29.5 92 28 .3 264 

~ 
78 17.92 .933 .502 l. 97 4 . 38 7.9 29.0 35 28 ."1 257 
78 18.83 .851 .423 2.01 4 . 59 9.9 30 . 9 0 30 .S 261 
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TABLE C2 CONT. 

DAY 
NO. 

78 
78 
78 
78 
78 

78 
81 
81 
81 
81 

81 
81 
87 · 
87 
87 

87 
87 
87 

. 88 . . es 
88 
88 
88 
88 
88 

START 
TIME 

19.75 
20.67 
20.s2 
21.75 
22.83 

23.75 
17 .17 
17.75 
18.25 
19.00 

lS.50 
19.92 
19.75 
20.42 
20.83 

21.58 
22.00 
23. 08 . 

.42 
1.17 . 

2.42 
3.67 
4.75 
5. 08 

I 6 .• o_o 
- ~-

88 . j 7."08 
88 8.25 
88 8.G7 
88 9.42 
83 9.83 

NORTH 
HOME 
INFLT 
HR-1 
.672 
.848 
.452 
.763 

1. 121 

.897 

.394 

.356 

.339 

.347 

.323 

.374 

.471 

.529 

.576 

.763 

.861 

.538 
:699 
• 6SS 

.477 

.503 

.670 

.4S2 

. . 394 __ ., 
-.398 . • 
.781 
·. 900 

1.188 
1.601 

88 
89 
89 
89 
89 

10. 75 1.673 
18.83 3.280 
19.33 2.207 
20.17 2.594 
20.75 

89 21.42 2.215 

SOUTH RATIO 
HOME IN/IS 
INFLT 
HR-1 
• 359 1. 87 
.500 1.70 
.276 1.64 

. • 460 1. 66 
.571 1.95 

.442 

.327 

.254 

.238 

.229 

.219 

.254 

.344 

.345 

.403 

.533 

.554 

.350 
.. 537 
,4·35 

2.03 
1. 21 
1.35 
1.42 
1. 51 

1.48 
1.47 
1.37 
1.53 
1.43 

1.43 
i.55 
1. 54. 
L39 
l.53· 

WIND 
SPEED 
M/S 

3.25 
3.38 
2.62 
3.50 
5.18 

3.73 
.64 
.38 
.54 

1.47 

1.22 
2.16 
6.62 
7. 04 
8.54 

7.69 
6.76 
9.67· 

11."54 
9.63 

OUT 
DRY 
BULB 
CC) 
10.s 
11. 6 
12.2 
11.8 
9.2 

9.9 
-.2 

-1. l 
-1.8 
-1.3 

-.5 
-.3 

16.0 
15;9 
15.9 

15.4 
15.2 
17 ." 2 · 
1•7 .5 
17.'7 . 

SOUTH 
D~'T' 
BULB 
CC) 
32.0 
31.9 
31.8 
32.2 
31. 7 

32.1 
24.4 
24.2 
24.2 
24.2 

24.3 
24.7 
26.0 
26.0 
26.1 

26.2 
26.3 
26.0 
26.0 
25;9 

.347 . 1.37 7.72 i7.4 26.0 

.383 1.31 6.74 1?.4 2s.1 

.420 1;59 8.71 17.8 2G.0 -

.279 1.77 7.02 17.4 26.0 
.• _256 _. _1 i 54 _ .6 t c:~ . ·- 16. 2; .2s-. 2 

. . . j . . . ' 
.291 · 1.37 ' 6.15 · . 16."S . · 26.2 · 
.581 1.35 7.71 18.B 25.7 
;549 1.39 8.10 19.8 27.2 
•. 834 1.42 10.50 21.1 . 28.1 

1.077 1.49 10.80 21.5 28.5 

1. 092 
1. 800 
1.176 
1.183 

.952 

1.53 
1. 81 
1.88 
2.19 

9.38 
13.34 
9.76 

10.67 
10.33 

22.4 29.0 
15.8 29.4 
15.2 27.5 
13.4 26.4 
12.2 i:'.6.8 

89 21.so .860 
9.62 
9.74 
8.45 
9.55 

11. 0 
11. 0 
10.8 
10.2 
10.3 

26.9 
25.8 
27 .1 
27.2 
26.8 

89 22.00 .604 
89 22.58 2.403 
89 22.58 1.128 

89 22.92 1.387 
83 23.83 2.387 
89 23.83 1.203 
89 24.33 2.221 
89 25.00 1.233 

89 
89 
90 
90 
so 

26.00 2.462 
26.17 

8.23 1.404 
8.43 1.229 
8. 70 1.176 

1.339 
. 899 1. 5G 
.685 1.80 
.658 1. 79 

10.04 

11.17 
10.52 
10.64 
10.74 
11.27 

10.68 
11 . 40 
7.31 
6.34 
6.40 

90 9.30 1.043 .587 l.77 5.82 
92 16.40 1.453 14.94 
92 16 .40 2.906 15.04 

9.6 
7.7 
7.4 
7.2 
7.0 

6.3 
6 .1 
5.9 
6. 1 
6.5 

7.5 
24.1 
24.2 

27.3 
27.1 
26.8 
26.3 
26. 1 

26.4 
26.7 
26.4 
26.1 
26. l 

26.l 
32.6 
32.6 

SOLAR 
RA!l. 
WATTS/ 
SG:MT 

-1 
-1 
-1 
-1 
-1 

-1 
-1 
-1 
-1 
-o 
-0 
-0 

0 
0 
0 

0 
0 
·o 
0 . ·o 

O· 
0 
0 
0 

. 1 .. 

74 
·251 
331 
488 . 
550 

684 
18 

0 
-1 
-o 

0 
0 
0 
0 
0 

0 
0 
0 

-o 
-o 
-o 
-1 
28 
30 
79 

174 
420 
431 

NORTH 
DRY 
BULB 
CC) 
31. 7 
31. 7 
31.9 
31.9 
31.8 

32.2 
24.2 
24.5 
24.0 
24.3 

24.3 
24.2 
25.6 
25.1 
25.7 

26.0 
25.7 

-25.7 
25.5 
25.6 

1B2 

WIND 
DIR. 
DEG. 

259 
279 
313 
266 
262 

268 
50 
40 
18 

i 48 

34 
37 

347 
341 
353 

316 
312 
352 " 
. 2o' . 
14 

25.6 15 
25.8 22 
26.3 25 
25.7 ·26 
. as_. q · 1.__~.!~,2 _ _ L ___ _ 

26.d. I ·1·2 · 
26.8 33 
27;2 35 
27 ,9· 39 
28.0 53 

28.0 56 
27.0 55 
26.0 41 
25.8 67 
26.1 65 

26.3 . 
2s.o 
26.0 
26.3 
26.2 

26.2 
26 .1 
26.0 
25.5 
25.G 

25.8 
25.6 
25.4 
25.3 
25.0 

25.7 
31. 5 
31. 5 

79· 
78 
83 
78 
79 

78 
c:
-..:i 

57 
49 
56 

62 
66 
90 
87 
98 

84 
63 
60 
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TAELE C2 CONT. 

DAY START NORTH SOUTH RATIO WIND OUT SOUTH SOLAR NORTH WIND 
NO. TIME HOME HOM::: IN/IS SPEED DRY DRY RAD. DRY DIR. 

InFLT INFLT M/S BULB BULB WATTS/ BULB DEG. 
H~-1 HR-1 CC) CC) SQMT CC) 

S2 17.03 1.006 13.26 23.4 32.8 325 31.3 55 
92 17.63 2.719 1.223 2.21 12.50 20.9 32.2 129 30.G 79 
S2 18.75 2.652 12.75 16.4 30.1 10 28.l 87 
82 18.92 1.179 13.G3 16. 1 29.9 s 27.9 88 
92 19.33 .953 11. 76 15.l 29.2 0 26.9 79 

92 19.75 .825 10.86 14.5 28.6 0 26.3 60 
82 20.42 2.<',06 10.62 14.1 27.4 0 28.1 69 
92 20.58 1. 212 12.24 13.4 26.9 0 27.5 79 
92 22.08 .534 8.43 10.5 27.0 0 26.2 90 
95 16.33 2.470 9.41 4.9 25.9 365 24.8 90 

95 16.33 1.055 9.61 5.4 26.3 360 24.7 84 
85 16.67 .853 9.71 4.5 26.0 348 24.9 84 
95 17.08 . 1.166 11. 74 4.7 25.8 236 25.0 82 
97 2.25 .270 .183 1.48 .56 1.4 25.3 -1 24.4 45 
97 3.25 .385 .201 1.Sl 2.61 2.9 25.2 -1 24.5 32 

97 4.33 .316 .220 1.44 2.10 3.2 25.5 -1 24.0 32 
97 S.33 .336 .209 1. 61 2.13 2.9 25.5 -1 24.3 30 
97 6. <',2 .260 .152 1. 71 1. 20 LG 25.4 -1 24.2 23 
97 ?.67 .332 .127 2.62 2.38 3.9 25.5 62 24.3 11 
9.7 8.58 . 53.l .277 l. 9;:'. 3.97 . 6.2 25.7 118 25.0 27 .. 
8,7' 9.00 .682 .338 2·."0.2 . ·4. 53 . f .. i . 26.5 . 2ss .. 26.~ . . ~9· . .. 
97 9.75 .B93 ·.382. 1.82 5.3G 10;1 26. "S ' 364 25.4 29 
97 10.08 l. 011 .559 l. 81 6.20 11. 7 26.7 489 ' 25.4 30 
97 10.83 1.063 .631 1.69 7 .10 13.B 26.6 674 . 25.5 2J , "37 11. 67 1.435 .829 1.80 8.37 . 1-5.2 26.6' 743 26.3 18 

.. 
97 . 13.08 · .618 9.05 18.9 26.0 84! ·25.9 20 
,s7_:_ I 1..a ·.0.0.-......+-:--.~-a;; · . ·10 .• ss ~. 1 L9 •. 2 _. · 2G .G .. _: 85» l , 25 .~ ·- . 23 . .:. ' . . f ··-.! i 97· r1s .1?- . · ! · ~ ;970 . · ·9.08 . I 19.·3 · 26 .9 78'87"{.25 . 8 . .~ 
g7 16 . 17 .365 ·9 ; 59 · ls.s · 27.9 s~9 · . · .2s.s · . 23 · 
S9 1. 08 .287 .120 2.38 1. 08 .3 25. l -1 24.2 235 

99 2.92 .275 .164 . 1. SB · .76 . -.6 25.3 -1 24.4· 250 
99 3.83 .293 .180 1.63 .65 -.7 25.3 -1 24.2 230 
99 4.25 .259 .127 2.12 .76 -.5 24.9 -1 24.l 235 
gg 5.08 .... ~,., .255 1.44 1.94 .4 25.2 -1 24.1 280 .~oo 

SS 6.08 .355 .188 1.88 1.93 .8 25.G 16 24.5 255 

89 7 .17 .371 .197 !.88 1.84 2.8 25.5 90 24.2 307 
S9 8.25 .614 . .330 1.86 4.19 4.7 25.4 145 24.2 289 
99 8.58 .474 .261 1. 81 3.82 5.7 25.9 220 24.7 334 
S9 9.42 .748 .304 2.46 4.43 7.2 25.7 228 24.7 351 
99 9.83 1.056 .439 2.40 4.47 8.2 26.0 361 25.1 293 

99 10.67 .440 .251 1. 75 4.29 10.4 26.4 451 25.4 342 
99 11.08 .681 .329 2.07 3.74 10.9 26.6 473 25 .1 311 
99 11.57 .708 .392 1. 81 5.26 12.2 26.8 840 25.3 325 
89 12.08 .350 .257 1.37 5.84 13.l 26.9 765 25.3 338 
99 12.92 .520 .363 1.43 5.30 14.5 26.l 837 25.2 317 

99 14.08 .655 .372 1.76 5.33 15.S 26.3 771 25.5 306 
108 13.67 .320 .230 1.39 2.46 33.0 26.0 -o 24.0 0 
118 16.33 .279 .209 1.33 4.55 34.B 30.2 385 28.9 l 
118 16.52 .223 .158 1. 41 4.30 34.l 29.9 259 29.0 9 
118 17.42 .678 .397 1. ?l 5 . 22 32.2 29.9 195 23.8 53 

118 18.00 .494 .217 2.28 3.09 30.4 29.8 138 28.8 66 

' 
118 18.33 .187 .115 1.63 1. 31 27.0 29.8 23 28.8 70 
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TABLE C3: SUMMER DATA FOR SKIRTED HOMES. 

o~·r .° n.:w START NORTH SOUTH RATIO urrm OUT SOUTH SOUTH 50LHR Ii ORTH NORTH WIND 
tlO. THlE HDi'IE HOME IN/IS SPEED DRY wnr: DRY l.IET RAD. DRY l~ET DIR. 

HiFLT IttFL T tVS BULB BU Lr BULB . BULB WATTS/ BULB BULD DEG. 
Hf~-1 HR-1 CC) CC) '. CC) : CC) SQ!1T CC) CC) 

123 15.83 .672 .294 2.28 4.80 25.0 ~~1 27.3 27.4 255 26.1 26.l 303 

123 16.92 .528 .185 2.85 4.95 23.8 . -23~ 9 27.2 . 27 .3 196 26.4 26.4 313 

123 18.08 .694 .270 2.57 5.22 21 ! 9 

· ~r 
26.8 . 25.9 70 26.5 26.5 308 

126 20.50 .172 .135 1.27 1.18 19.2 27.1 '27.1 -0 25.2 25.7 210. 

126 21.08 .150 .099 1.52 .50 19.5 28.4 ' 26.9 . 36.9 -1 25.2 25.7 234 
. . 

126 21.50 .134 .050 2.67 .48 19.4 20;5 26.8 
0

26.8 . -1 25.2 25.6 339 

126 22.50 .128 .056 2.30 .71 19.8 20;·5 26.4 . ·26.5 -1 25.0 25.3 273 

126 23.42 .141 .127 1.11 1.13 19.2 Eo,:o 25.1 26.2 -0 24.9 25.2 216 

125 23.83 • ll5 .075 1.54 .62 19.6 
. ~~~~ 

26.0 26.0 -0 24.8 25.1 204 

126 24.58 .192 .177 1.09 1.89 20.0 25.8 25.8 -1 24.6 25.0 48 

126 24.92 .145 .110 1.32 1.69 19.7 .2~ .. 6 25.7 ' . 25.8 -0 24.6 24.9 273 

127 14.17 .274 .233 1.18 4.14 23.2 2~.2 27.5 27.5 822 26.1 26.1 -o 
127 15.50 .299 .188 1.59 3.53 22.8 . 2~ ... a . 27.3 · 27.3 668 26.3 26.3 -0 

127 16.67 .367 .230 1.60 3.00 22~8 '~·" .27.1 . 27.1 490 26.2 26.2 -0 

127 17.08 .285 .150 1.90 4.52 21. 7 ~ ~ 7 27.0 . 27.0 419 26.2 26.2 -o 

127 17.83 .390 .128 3.05 4.19 19.9 -; 9-·.-S ·21.2 . 27.2 245 26.2 26.2 -o 

127 18.92 .338 .176 1.92 3.08 18.7 i.~ . 7 27.3 . : 27 .3 68 25.8 25.8 -0 

127 20.08 .3<14 .087 3.97 3.10 15.3 
lr3 

26.8 26.8 0 25.2 25.2 -o 

127 21.25 .367 .160 2.29 3.06 12.B 1 .8 26.o · . · 26.0 · o 25.2 25.2 -0 

127 22.42 .256 .129 1.98 1.39 11.8 l . . 8 26.0 26.0 0 25.3 25.3 -o 

127 23.50 .235 .131 1. 79 1.53 10.0 1 .. o 26.2" 26.2 0 27.1 27.1 -o 
127 24.75 .214 .071 3.01 .94 8.9 ;9 26.3 26.3 0 25.8 25.8 -o 

127 25.75 .220 .100 2.20 .52 8.3 ·· - .3 26.4 . 26.4 0 25.8 25.8 -0 

129 16.33 .370 .281 1.32 4.47 15.4 1 :a 27.2 . . 27.2 554 26.6 2G.5 153 

129 17.50 .437 .191 2.29 4.44 13.8 1 · • 1 -27.3 . 27.3 329 26.5 26.5 170 

129 18.50 .'163 .211 2.19 5.95 12.4 · 1~;8 27.6 · 27.6 159 26.5 26.4 166 

129 lB.92 .420 .145 2.90 5.14 11.8 1~.1 27.2· 27.2 92 26.0 25.9 157 

129 19.75 .398 .152 2.62 2.94 9.8 l~.2 26.2 26.2 2 25.3 25.3 174 

129 20.92 .313 .153 2.04 1.80 8.3 ·lji.9 26.l 26.l 0 25.2 25.2 167 

129 22.00 .251 .139 1.81 .72 7 '.3 .. f: 1 
26.2 26.3 0 25.7 25.6 177 

129 23.08 .096 .113 .84 1. 01 6.5 . (' . • 4 26.5 ' 2G.4 -o 25.5 25.5 185 

129 23.50 .215 .099 2.18 .55 6-. 7 r.s 26.4 26.4 0 25.G 25.6 189 

133 22.42 .203 .100 2.03 .46 18.6 14.8 . 24.5 . 24.5 -1 24.9 22.4 92 I-' 

133 23.00 .173 .129 1.34 .52 17.9 . l ~ :s 24.3· ·24.3 -o 24.6 22.2 99 CJ 

133 23.67 .160 .123 1.30 .72 17·. l 1 .2 . 24. l . ·24.1 -o 24.2 21.9 123 .i::.. 
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TABLE C3 CONT. 

OUT •. '. f OOUTH DA'i' START fiORTH SOUTH RATIO mND OUT SOUTH . . SOLAR NORTH NORTH WIND 
rm. TIME HD/'IE HOi1E If'l/IS SPEED DRY ~JET . DRY WET · • RAD. DRY l~ET DIR. 

INFLT INFLT 11/S BULB BULB . BULB BULB ~JATTS/ BULB BULB DEG. 
HR-1 HR-1 CC) (C) CC) ([) SQMT CC) (C) 

133 24.50 .178 .123 1.44 1. 27 16.4 13.9 · 1 23.8 23:9 -1 23.9 21.? 187 
133 25.08 . 165 .121 1.36 1.23 16.8 '14.2 . 23.7 23·. 7 . -0 23.7 21.4 224 
138 17.75 1.030 .549 1.88 8.07 22.6 23.2 .. r 23.6 23.G 3 23.4 23.3 151 
138 18.08 . 711 .436 1.63 3.93 20.8 19.1 '23. 6 2;3.6 1 23.4 23.3 118 
138 18.42 .301 .234 1.29 2.28 23.1 ~O.? ., ·23.5 . 23.6 2 23.9 23.8 3 

138 18.92 .247 .171 1.45 2.01 22.9 21.3 .23.6 2J.7 3 23.6 23.5 25 
138 19.83 .552 .378 1.46 3.81 22.9 21.1 23.5 23.6 2 23.4 23.4 55 
138 20.08 .397 .252 1.58 3.18 22.2 22.0 .23.9 24 : 0 -0 24.1 24.0 G7 
138 20.92 .321 .132 2.43 2.21 21.8 21.9 23.9 2·LO -0 24.6 24.5 71 
138 21. 83 .160 .063 2.53 1.23 20.8 . 21. 0 :. 23.8 23:8 -1 24.0 24.l 226 

138 22.83 .149 .073 2.03 1.10 20.0 . 20.1 . : 24. l 24.2 ' -1 24.2 24.2 202 
138 23.75 .136 .061 2.23 1.25 18.3 : 18.5 I 24.o · · 24.'1 -1 24.0 24.0 134 
138 24.17 .079 .068 1.16 .69 18.1 . 18.2 . 24.0 24.9 -1 23.9 23.9 54 
139 17.92 .388 .261 1.49 3.04 26.5 26.G ._ .' 23.9 24. 0 . 80 23.4 23.3 74 
139 18.33 .532 .321 1.66 3.58 25.9 . 26.0 j 23 .• 4 23 .. 5 -.- 76 23.0 23.0 63 

139 18.58 .216 .165 1. 31 2.01 25.7 25.8· • : 

0

23.9 24~0 . 52 23.6 23.5 12 
139 19.17 .491 .317 1.55 4.03 26.5 26.4 ' i 23.8 23:8 . 17 23.8 23.8 261 
139 19.50 .891 .476 1.87 4.08 25.9 26.0 . ·23.8 23.8 1 23.6 23.5 300 
139 19.92 .222 .189 1.18 1.64 23.9 ' 24.3 ', 23. 7 23.7 -0 23.6 23.6 357 
139 20.50 .229 .160 1.42 1.65 22.9 23.0 . I. 23.7 2'.l.8 ' -0 24.2 24.1 152 

140 15.50 .255 .160 1.59 4.97 32.8 21.2 I : 23.8 16.B 657 23.6 17.8 355 
140 15.83 .269 .181 1. 49 5.19 32.7 21.0 23.8 lG. 8 613 23.7 17.8 344 
140 16.25 .303 .214 1.42 6.12 32 ,, 2 20.4 · 23. 7 · 16.8 519 23.7 17.7 340 
143 15.33 .262 .213 1.23 3.21 30.0 20.1 . 24.0 17.4 521 23.6 22.2 22 
143 15.67 .419 .240 1. 74 3.67 30.4 20. 7 · ~- 24. 0 17.4 585 23.7 22.3 40 

143 16.33 .337 .203 1.G6 3.90 30.7 21.2 23.9 1(. 0 . 572 23.9 22.4 33 
143 17.08 .462 .286 1.62 4.40 • 29.0 20.6. 23.7 17,.1 194 23.4 22.1 45 
143 17.58 .299 .197 1.52 3.55 29.3 20.6 . .. 23.8 17.3 299 23.4 22.0 36 
143 17.92 .187 .144 1. 31 2.61 28.6 20.4 . 23.8 17 .. 3 160 23.5 22.2 27 
144 10.33 .092 1.55 29.8 22.2 ;. 24.3 17.<;l . 677 24.1 23.0 325 

.098 1.44 1.62 30.l 
· I 24 .4 17 .. 5 611 24.0 22.9 302 144 10.92 .141 22.2 . 

144 11.58 .161 .131 1.23 1. 74 30.6 22.4 .: 24 .4 17.5 730 23.9 22.8 209 
144 11.92 .228 .170 1.34 2.30 30.0 22.2 . · 24 .0 17.3 316 23.8 22.7 82 I-' 

144 12.33 .144 .113 1.27 1.52 30.9 22._3 ,. 24.1 17.5 722 23.6 22.6 105 <l'J 

144 13.17 .221 .141 1.57 2.21 31.5 22.0 . . 24 .0 17 .1 · 778 24.0 22.9 305 VI 

·-

I· 
I 
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TABLE C3 CONT. 

OUT . ]I SOUTH DAY START rmRTH SOUTH RATIO WIND OUT Sr;JUTH SOLAR NORTH l'iORTH ~IIND 

r10. TltlE HmlE HOME IN/IS SPEED DRY WET -,- -DF!Y WET- RAD. DRY IJET DIR. 

HlFLT INFLT IVS BULB BULB BULB BULB ~JATTS/ BULB BULB DEG. 
HR-1 HR-1 (C) ( c) . i ([) ([) . SQl1T ([) ([) 

144 14.17 .155 .113 1.38 2.31 31.7 21.8 i 24 ·. l 17.1 645 23.8 22.8 380 

144 14.92 .188 .151 1.24 4.14 Jl.4 21.?" 2'L 1 ·1~.1 6[)8 23.8 22.7 358 

145 12.25 .459 .195 2.36 3.48 33.9 24.0 26.4 19.-9 GO! 26.2 19.1 255 

145 12.92 .506 .200 2.53 3.91 33.7 . 23.8 . 26.2 19 .. 9 57G 26.1 19.2 252 

145 13.50 .478 .190 2.52 3.57 34.5 24.0 2~.3 19.9 . 716 25.9 19.0 251 

145 14.00 .639 .308 2.07 5.12 33.9 23:7 25.9 19.5 451 25.9 18.9 223 

145 14.92 .816 .433 1.89 5.87 34.0 23.9 26.l 19.6 432 26.0 18.9 260 

145 15.50 .758 .382 1.99 4.77 34.5 23.8. ,_. 26.2 . f9, 7 520 26.4 19.3 254 

145 16.00 .955 .499 1.93 5.80 34.3 23. 7 . I 25.2 19.5 462 26.0 18.8 262 

145 15.58 . 768 .391 1.96 . 5.24 33.5 23.2 -· 26 .. 1 . 19 .. 6 244 25.9 18.9 253 

146 11. 17 .424 .199 2.13 3.04 30.6 20.a· I 26.5 20·.2. 852 26.2 19.3 238 

146 11.58 .322 .1'17 2.19 3.25 31.0 21.0. I 28.5 20.3 881 26.4 19.6 225 

146 12.08 .402 .183 2.20 3.45 31.6 21.5 26.2 20.1 899 26.2 19.6 226 

146 12.42 .276 .130 2.12 3 .44 31. 0 21.3r· 26.0 19.·9 908 26.1 19.5 196 

146 12.75 .354 .170 2.08 3.90 31.9 21 .• ~- :· 26_. 2 20.2. 910 26.1 19.7 222 

146 13.25 .G09 .306 1.99 5.00 32.4 21.1 1 . 26.1 20·.1 903 25.9 19.4 228 

146 14.08 .453 .252 1.80 4.12 32.6 21. 4. 26.2 20.0 861 26.0 19.3 222 

146 14.42 .698 .354 1.97 4.52 33.0 21.3 1' 26.2 . 20.0 . 813 26.0 19.2 236 

146 15.17 .801 .393 2.04 5.49 32.9 20.6 . 25.0 19.8 748 25.8 18.8 249 

1'16 15.58 .613 .324 1.89 4.01 33.0 20.6 26.l i9.8 691 26. l 19.0 232 

147 9.92 .286 .155 1.84 2.34 27 .1 20.~·-r:: 27.1 ·20.3 733 26.B 19.9 250 

147 10.58 .159 .090 1. 77 1.60 30.2 · 21.0 27.l 20.3 795 26.9 20.1 258 

147 10.92 .198 .095 2.0[3 1.83 30.B 21.2 . . 27.2 20.5 834 26.7 20.0 266 

147 11.42 .327 .183 1. 79 1.E3 31.6 21.4 27.0 20.5 870 26.6 19.9 267 

147 11.83 .180 .116 1.55 1.63 32.0 21.3 27.0 28_.6 888 26.8 20.3 249 

147 12.33 .205 .123 1.66 1.41 33.3 21.5 . . 26.9 2Q.5 904 26.6 20.3 255 

147 13.33 .232 .159 1.46 2.51 33.4 21 .. 7 .. 27.0 20.B 884 26.7 20.7 193 

147 13.67 .354 .196 1. 81 2.78 33.0 21. I? 26.9 20.7 871 26.7 20.9 230 

1'17 13.92 .268 .161 1.66 1.94 33.8 21.8 I 25.9 2G.6 843 26.7 21.0 222 

147 14.50 .308 .178 1. 73 3.09 34.4 21. 9 IJ 26 .. 9 20,5 . 796 26.9 21.4 2'19 

147 15.00 .418 .213 1.96 2.96 34.7 21.s- ·-·· 2E.6 20.2 735 26.6 21.4 267 

147 15.50 .167 .107 1.57 2.48 35.5 21. 7 . 26;8 . 20,3 672 26.8 22.1 330 

150 12. 17 .399 .207 1.92 3.04 31.3 22.5 . . . 25.6 19.6 855 25.4 19.0 240 I-' 

150 12.67 .533 .256 2.09 4.00 32.3 22.6 25.4 19:5 861 , 25.4 19.0 254 00 
m 

150 13.00 .432 .211 2.05 3.00 32.9 22. 7 . 25.5 19. 7· 858 25.3 19.0 268 



..... 

TABLE C3 CONT. J DAY START NORTH SOUTH RATIO WIND OUT 0 T SOUT~ SOUTH SOLAR NORTH NORTH WIND 
l'IO. THIE HOME HOME ll'f/IS SPEED DRY ~ T. DRY · WET RAD. DRY WET DIR. 

INFLT HiFLT tl/S BULB -Bit...-B . BULB . BULB IJATTS/ BULB BULB DEG. 
HR-1 HR-1 CC) .() CC) (C) smn (C) (C) 

150 13.50 .305 .160 1.91 2.20 33.2 2.8 25.5 ·19.6 850 25.2 18.7 273 
150 14.08 .457 .232 1.97 3.14 33.2 .. 3.0 25.3 . 19.3 754 25.3 18.7 259 
150 14.67 .248 .160 1.55 1.99 34.o a3 .2 25.4 · 19.2 738 25.3 1s.s 292 
150 15.50 .221 .134 1.65 1.80 34.4 a3 .1 25.4 18.9 662 25.1 17.9 314 
150 15.17 .350 .177 1.98 2.42 34.1 .'J :J.O 25.5 · 18.9 559 25.3 18.1 259 

. ,. 
150 16.50 .228 .142 1.60 2.03 33.9 @3.0 25.3 . 18.7 451 25.2 17.9 264 
150 17.08 .398 .203 1.96 2.29 33.9 ~ 3.1 25.~ 18.9 . 354 25.1 18.l 268 
150 11.42 .225 .135 1.66 1.73 33.6 ~a .a 25.4 19.1 322 25.1 18.2 264 
150 17.83 .380 .193 1.97 3.17 33.1 ·2.8 25.2 ~ . 19.1 179 24.9 18.2 266 
150 18.75 .217 .114 1.90 2.49 =?2.0 . ~.8 25.1 19.4 63 24.5 18.2 311 

151 12.23 .703 .520 1.35 6.01 33.9 ~.4 25.5 '. · 19.8 903 24.B 24.7 45 
151 12.47 .964 .528 1.83 6.86 34.2 3.7 . 25.6 ' ' 19.9 920 24.9 24.9 46 
151 13.83 1.135 .628 1.81 7.72 34.6 .3 25.1 . 19.3 653 25.6 19.1 48 
151 14.03 .990 .541 1.83 7.40 33.2 2 .6 25.2 . · 19.6 431 24.7 19.5 60 
151 14.27 1.319 .598 2.21 8.91 35.2 2.7 25.2 . 19.4 775 25.3 24.5 64 

I 
151 15.23 1. 748 .894 1.95 10.22 33.3 21.4 25.3 . ·19.6 489 25.3 25.1 53 
151 15.47 1.279 .611 2.09 8.13 33.6 -~ .9 25.4 . . 19.5 632 25.1 25.0 75 
151 15.93 1.478 .732 2.02 8.68 34.4 ! 9.~ 25.~ 19.2 664 25.2 25.0 64 
151 lG.40 1.303 .612 2.13 8.83 33.6 · 9.1 25.3 19.0 588 25.3 25.1 85 
152 l0.67 1.767 .903 1.96 10.75 28.4 : · · 7 .5 25.g 18.1 713 25.7 11.1 78 

152 11.33 1.493 .762 1.96 10.42 27.8 17.0 25.4 . 17.7 6~7 25.1 16.6 83 
152 11.83 1.901 .994 1.91 12.98 28.4 ~ 6.9 25.5 17.8 715 25.3 16.7 90 
152 12.10 .788 10.08 28.3 .. 16.9 25.7 17.9 587 25.2 16.5 87 
152 13.07 1.846 .876 2.11 10.37 28.4 f6.9 23.4 17.5 509 25.1 16.3 80 
152 13.47 1.992 .878 2.27 10.69 28~4 l~.~ 25.3 17.5 504 25.1 16.3 74 

152 14.03 2.258 1.179 1.92 10.96 28.3 ~ 6:2 25.& 17.6 331 25.0 16.0 81 
152 14.33 1.589 .789 2.01 9.31· 21.8 rn·.2 24.8 11.2 337 25.6 16.3 78 
152 14.50 1.973 1.021 1.93 10.49 28.4 - · !6.4 25.G. 17.7 501 24.9 15.9 90 
152 15.03 1.605 .804 1.99 9.87 29.3 . l(.1 25.4· · 17.5 EA? 25.2 16.2 79 
152 15.40 1.306 .614 2.13 8.57 28.6 17.0 25.3 17.4 576 25.1 16.2 96 

152 15.40 1.351 .635 2.13 9.17 28.7 17.i 25.i 17.2 537 25.3 16.3 96 
152 15. 77 1. 237 . 569 2. 17 7. 86 23. 3 . l 6. 9 25. 4 . 17. 5 589 25. 0 16. 2 97 
153 10.00 .188 .181 1.04 4.07 19.9 15.0 22.5 .. 15.7 724 22.5 15.2 165 I-' 
153 10.33 .390 .252 1.55 3.80 20.5 . J5.6 23.2" 16.6 794 23.0 15.9 174 00 

153 1i.42 .383 .232 1.65 4.37 2i.s · :is.9 . 23.o 16.5 B3B 23.o 16.o 167 -.1 

'-

' . 

1· 
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TABLE C3 CONT. 

. ~ 
DAY srnRT NORTH SOUTH RATIO 1.-IIND OUT JJ .T SOUTH SOUTH SOLAR NORTH rm~TH IHND 
rm. TIME H011E HOME IN/ IS SPEED DR''!' 1-!ET DRY ~lET RAD. DRY WET DIR. 

INF LT HlFLT tJ/S BULB Bl!LB EULB BULB WATTS/ BULB BULB DEG. 
HR-1 HR-1 ([) . . ( ~ ) ([) cc) SCl1T ([) ([) 

153 12.08 .345 .!SB 1.74 4.07 22.1 . '6.1 22.8 " . 16.5 916 22.8 16.0 171 
153 12.75 .'196 .272 1.83 4.38 23.2 - ,l-5 .8 22.9 16.5 926 22.5 15.9 !58 
153 13.00 .336 .184 1.83 4.15 23.7 ~ 7.0 22.8 . 16.5 926 22.8 16.0 161 
153 13.75 .313 .177 1.77 3.38 24.5 7.0 23 . 0 :_ 16.7 887 22.9 16.2 158 
157 14.50 • 300 .182 1.65 3.84 20.1 . 6.4 . 21.8 16.7 472 21.8 16.5 133 ,, 

157 15.00 .458 .180 2.55 5.92 20.5 . . 6.1 21.9 - 16.6 584 21.8 15.3 143 
157 15.70 .623 .223 2.79 6.24 20.8 B.1 22.1 ; 15.9 707 22.0 16.4 145 
157 15.03 .539 .247 2.59 6.03 20.3 . b .0 22.0 16.8 478 22.2 . 15.5 139 
157 16.70 .551 .307 1.83 6.26 . 19.6 • ··· 5 .8 · 21.8 . 16.5 552 21.9 15.0 144 

157 17.20 .642 .326 1.97 6 . 55 18.9 r ·2 21.9 16.5 435 22.1 16.1 143 

157 17.73 .523 .262 1.99 5.50 18.2 4.6 . 21.9· 16.4 249 22.0 15.9 147 
161 13.08 .277 .191 1.45 4.98 24.3 . · G.9 22.1 . 16.3 518 21.9 15.1 317 

161 13.58 .148 .121 1.22 3.26 24.6 . 7 .1 21.8 · 16.2 488 21.8 15.1 4 

161 14.42 .144 .091 1.58 3 . 60 25.3 . r·5 22~1 15.4 554 21.9 16.2 340 
161 15.50 .137 . 105 1. 31 2.72 21.5 . 7 .4 21.8 . 16.4 287 . 21.8 16.3 353 

i 

161 16.58 .264 .142 1.86 2.71 24. 9 . 7-. 5 21. 7 < lG.3 354 22.0 16.3 308 

161 16.92 .301 .184 1.64 3.61 24.7 

~r~ 
21.7 16.2 297 21.8 16.2 309 

161 17.58 .377 .193 1.95 3.70 25.1 21. 7 16.1 324 21.8 16.2 306 
151 17.67 .281 • 167 1.68 . 3.73 24.9 . 7 .3 21.9 - ' 16.4 207 21.8 16.2 321 

161 18.50 • 317 .190 1.67 3.49 24.3 ·.r··l 21.8" . . 16.4 141 21.8 16.1 310 

161 19.50 .210 .144 1.46 2.84 23.4 J 7 .2 21.5 16.4 38 21.7 16. l 327 
161 20.00 .105 .084 1.26 1.72 21.6 . 6 .7 21.7 " 16.5 3 21. 7 16.l 327 
161 20.92 .076 .056 1.37 1.28 20.1 . ~6 .1 21.4 . 16.3 -0 22.0 16.3 321 
186 18.00 .619 .359 1. 72 6.23 34.8 .q3 .6 17.9 12.9 203 19.3 13.3 48 

186 18.67 .542 .291 1.86 5.50 33.9 23'.6 18.0 13.2 155 19.4 13.5 45 
·1. 

17.9 : . 13.5 186 19.25 .385 .204 1.89 3.94 32.7 . ~3 .9 60 19.3 13.7 51 

186 21. 08 .216 .174 1.24 1. 65 . 28.1 ·~p .6 18. 4· 14.3 -0 19.1 14.8 45 

186 21.92 .206 .151 1.36 1.88 2·7 .2 ~- 7 19. 0 . 14 . 3 -0 19.5 14.8 39 

186 22.92 .125 .095 1.31 1.27 26 : 3 21 , 3 22.4 14.0 -0 22.0 14.8 53 

186 23.92 .115 .080 1.43 1.34 25.5 2i3 .0 23.7 14.1 -0 22.8 14.7 36 
1·. _-

187 12.33 .725 .344 2.10 5.17 37.6 . 2P, .4 20.0 14.0 903 21.1 H.2 65 

187 12.92 .736 .346 2.13 5.31 38.0 . 213 . 3 1:i. 8 13.9 897 20.8 13.9 69 

187 13.83 .722 .345 2.09 5.69 38.2 2.6.2 • 19. 8 13.9 871 20.9 14.3 54 t--' 

187 14.50 .640 .329 1.94 5.98 37,7 26 .0 19.6 .13.6 707 20.5 13.7 40 co 

187 15.50 .354 6.82 37 .5 .2f' 19. 4· ')3.0 614 20.4 13.7 50 ~ 

I 
I 
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TrlDLE C3 CONT. 

DnY START rmRTH SOUTH RATIO WIND OUT OUT · j;·s auTH 'sou'rn SOLAR tiORTH tlORTH ~HND 

rm. Tlt1E HotlE HDl"1E IN/IS SPEED D~Y WET : _ DRY . WET.. r-AD. DRY Wi::T DIR. 
HIFL T Il'iFLT tl/S BULB BULB· . BULB BULp WATTS/ BULB BULB DEG. 
Hf~-1 HR-1 CC) (C) .(C) ([) SQl1T CC) CC) 

189 12.58 .197 .126 1.56 2.39 31.9 24.0 ' ' 20·. 7 13·.s 887 20.2 13.9 123 
189 13.50 .199 .126 1.57 2.22 31.5 23.8 20 .5 '13.. 7 714 19.7 13.7 173 
189 14.33 .205 .132 1.56 1.98 31. 0 23.3 . ! 19 .9 13.4 378 19.6 13.9 149 
183 14.92 .252 .149 1.69 2.12 31. 0 23.5 20; 4 ' 14. l 212 19.5 14.0 267 
189 15.67 .342 .174 1.96 2.77 31.1 23.3 . i 21. G 14;3 276 19.7 14.3 271 

! 

1£39 16. 17 .276 .143 1.92 2.40 31. 0 23.0 20 .9 14°.4 205 19.6 14. 1 270 
189 16.92 .173 .109 1.58 1.50 29.9 23. :r.f. 20 . 5 14.4 63 19.6 14.4 293 
189 17.58 .153 .096 1.60 l. 06 27.8 23.9 - 21 .0 14.6 14 19.6 14.6 324 
189 18.33 .168 .125 1.35 1.65 25.5 · 23.9 . 2L 7 14 •. ~r 6 20.2 ]4.8 45 
190 12.50 .169 .149 1.13 2.08 30.0 23.9 19. 2 l4. Q 939 20.l 14.4 129 

190 12.92 .246 .148 1.66 2.57 29.5 23. 7 l 19.5 14 : 2 781 20.0 14.3 150 
190 13.83 .209 .123 1. 70 2.52 30.l 23. 7-l 19.6 13.9 " 793 20.l 14.4 186 
190 14.83 .194 .124 1.55 1.85 30.4 23. 3 . 19. 5 1"3. 6 586 20.1 14.4 233 
190 15.50 .177 .109 1.63 1.92 30.7 23 ~ 2· r· 19.7 13~5 710 20.2 14.2 !GS 
190 16.25 . 161 .100 1. 61 1.94 30.3 22.8 . 19.7 .13! 3 574 20.2 14.1 164 

190 16.83 .230 .101 2.27 2.59 30.7 22.s - 19.8 13 : 5 556 20.1 13.9 133 
190 18.17 .289 .153 1.89 4.52 27 . 0 . 22.2 20.3 "13.9 173 20.4 14.3 160 
190 19.08 .246 .134 1.83 3.46 25.5 21.2 21 .. 6 "l!t. 2 67 20.5 14.5 152 
190 19.92 .193 .109 1. 77 3.54 23.8 20.2 21.9 1_4. 6. 6 21. 0 14.9 140 
190 20.6? .178 .100 1. 79 3.08 22.5 19.4 24.8 15.0 -1 22.0 15.0 175 

190 21.42 .115 .076 1.50 2.03 21.6 !B:s · . 25.9 14 : .9 -0 23.0 15.0 228 
190 22.08 .112 .074 1.52 1.69 20.6 17,9 T 24.4 1:1 . 9 -0 22.9 15.0 180 
192 16.42 .180 .154 1.17 3.97 29.0 · 24 . S LJ 22.0 14.8 253 24.8 15.0 34 
192 16.75 .328 .189 1. 74 4.52 29.3 24.8 i . 21 ;7 14 .• 9 ' 300 23.3 15.0 31 

192 16.75 .377 .233 1.62 4.81 29.7 25. • ~ 21.S ' 14. ~ 398 23.9 15.0 40 
. . 

192 17.82 .225 .157 1.43 3.81 28.3 24; 3 . ~ . 22. 0 .1s·.2 1G2 22.9 15.2 32 
192 18.92 .186 .125 1. '18 3.32 ' 27.7 23."9 : 22. 0 15.2 95 22.6 15.1 24 

. ' . . 
r. ,. 
I· 

I .. 
....... 
co 
l.O 



, 9 • 

TABLE C4: SUM~lER DtnA FDR UNSKIRTED HOMES. 

OUT, 'l 'SO,UTH 
Df W START NORTH SOUTH RATIO ~mm OUT SOUTH SOLAR NORTH NORTH i.mm 
rm. TIME 1-mnE HOrtE IN/IS SPEED DR'r' ~IET ' DR'r' liET P-AD. DR'r' l~ET DIR. 

HIFLT IliFLT r·f/S BULB BULB . • BULB BULB WATTS/ BULB BULB DEG. 

HR-1 HR-1 ([) (C) _ ([) CC) S0t1T ([) (C) 

194 13.50 .145 .129 1.13 1.20 33.4 25.!;) . 20.2 . 14.3 859 22.5 14.7 146 

194 14.83 .184 .143 1.29 1. 71 34.l 2(). le. ·19. 7 13.6 718 21.2 14.3 108 
194 Ei.92 .165 .123 1.34 1.43 34.0 26.~ ' 19.5 .13'.1 550 21. 0 13.9 120 
194 16.83 .211 .137 1.54 2.47 32.1 2S . . 19.9 13.6 412 20.9 13.8 190 
194 18.08 .229 .152 1.51 2.30 31.3 25·. 19.6 13.8 184 21.2 14.3 181 

. . i 
194 18.83 .259 .153 1.69 2.13 31. 0 251 19.6 14.2 93 20.6 14.4 223 

195 17.83 .239 .173 1.38 3.12 33.3 2G. : 21.2 13.9 179 20.3 14.0 25 
195 18.50 .223 .162 1.37 2.57 32.9 27. ' 21. 7 :14A 0 168 20.4 14.1 10 

195 19.08 .201 .159 1.26 1.97 31.9 2Z..... 1 22.0 14.0 78 20.6 14.5 3 

195 20.67 .211 .190 1.11 .93 29.0 26.t 22.3 '14.6 -0 20.3 15.1 3 

195 21. 42 .152 ;142 1.07 .54 28.0 26. 25.8 --1'4. 7 -1 21.9 15.4 11 
195 22.25 .148 .126 1.18 .76 26.9 25 •. · 25.8 14 .. 8 -1 22.3 15.5 80 

195 23.92 .148 .108 1.37 .45 26.1 . 25.l · 26.2 .14. 9 -1 22.4 15.4 101 

195 23.17 .141 .057 2.49 .39 26.3 25. 26.0 1'4.8 -1 22.6 15.6 104 

195 24.67 • 148 1.23 25.6 2~; F . 26.0 . ' 1.4. 9 -1 22.9 15.7 88 

195 25.33 .144 .91 25.3 24. ~ 25.7 15.0 -0 22.4 15.G 41 

195 26.08 .128 .115 1.11 .63 25.2 24. ~. 25.6 "15. 0 -0 22.4 15.5 53 

El6 17.50 .159 .165 .97 3.29 35.1 26. ' ·20.8 ." 13.7 325 21. 7 14.3 28 

196 18.08 .257 .160 1.60 2.99 34.6 2~.-~ . 20.3 13.5 202 21.6 14.3 27 

196 18.67 .212 .128 1.65 2.25 33.3 25. · 20.2 ' 14. 0 108 21.0 14.3 30 

195 19.42 .215 .199 1.08 1.94 31.S 26., 
18.9 14.3 21 20.6 14.5 39 

196 19.75 .203 • ll8 1. 72 1.94 30.6 25: 19.9 . 14-. 5 4 20.6 14.9 32 

196 20.58 .145 .105 1.38 1.45 28.9 25· • . 22.6 ·14.6 -1 22.0 15.3 73 

205 18.42 .178 .158 1.13 3.19 29.6 24--f-
21.2 15.4 82 19.1 13.6 18 

205 19.08 .159 .128 1.24 2.04 28.5 24: 21.1 f5.o 12 19.1 13.9 3 

205 17.92 .251 .258 1. 01 3.72 30.2 24.~ 21.7 15.7 159 19.3 13.6 19 

205 20.08 .142 .122 1.17 1.55 27.8 24. . 21. l i4.2 -0 19.5 14.4 358 

206 20.67 .159 .114 1.40 3.03 17.7 18: 19.2 16.0 0 18.S 19.7 159 

206 21. 00 .185 .132 1.41 2.31 lG.5 18. 19.2 . · 15;8 0 19.4 19.8 148 

206 22.08 .138 .106 1.29 2.27 15.9 · 18.:fl. 19.l 15.3 -0 19.6 20.0 179 
. !. 

206 22.67 .173 • 114 1.53 . 2.89 15.8 18. ~ · 19.5 15.0 -0 19.6 20.0 177 
206 23.42 .228 .137 1.67 3.17 15.7 18.· . '. l;l.6 14.8 -0 19.6 20.0 181 

206 24.00 .188 .121 1.56 2.91 15.2 18. f 19.6 ~ 14. 6 -o 19.6 19.9 190 

206 24.83 .142 .101 1. 41 1.63 13.8 18.f_ 19.5 14.4 -0 19.6 19.9 202 I-' 

206 25.25 .107 .097 l.ll 1. 08 13.6 18. lt 19.4 14.8 -0 19.7 19.8 179 
\,!) 

0 
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TABLE C4 CONT. 
. . 

DAY START tiDRTH SOUTH RATIO 1-JIND OUT OUT . . SOUTH SOUrH SOLAR NORTH tlDRTH wum 
rm. Til1E HDr1E HOf"iE !WIS SPEED DRY WET · ··DRY iJET . RAD. DRY WET DIR. 

INFLT INFLT tl/S BULB BULB. : BULB BULB W:lTTS/ BULB BULB DEG. 
HR-1 HR-1 ([) ([) -- . ([) ( c )• SOMT ([) (C) 

207 2.83 .128 .128 1. 01 1.28 12.2 11 :1 . 18.6 13-.4 -0 18.8 13.4 191 
207 3.92 .126 .117 1. 08 .7'8 11. 5 10.6 . . 18.1 13.1 -o 18.2 13.2 192 
207 4.92 .118 .108 1.10 1. 05 11. 2 10.3. '. 17 .8 .r2.s 0 17.8 12.9 198 
207 5.58 .104 .096 1. 09 .53 11.6 10."4 . I· 17. 7 12 .8 13 17.6 12.7 197 
207 5. 17 .055 .040 1. 35 1.29 13.7 11.5 -- 18.-1 . 13 ~ 6 80 19.2 13.5 210 

207 5.83 .210 
I 14 .• 3_ .091 2.29 3.26 16.l 12.2· I 20.3 203 20.7 14.3 233 

207 7.58 .289 .156 1.86 3.44 18.2 13.2 20 .1 14.1 3G7 20.7 14.4 239 
207 8.50 .520 .302 1. 72 4.82 20.2 . 13.9~ 20 .4 14.5 500 20.4 14.4 251 
207 B.92 .585 .319 1.83 4.58 21.1 14 • 4· -I 20.l 14:2 558 20.1 14.2 252 
207 9.33 .760 .370 2.05 5.34 22.1 14 . ? : 2 0 .l 14.4 584 20.2 1<1. 2 243 

207 10.25 .622 .251 2.38 4.51 22.5 14.3 . 20.1 lS.1 786 20.l 14.3 240 
207 13.<12 .419 .208 2.01 3.86 24.5 15 . r · 19~8 14·.1 925 19.4 14. O· 208 
207 14.00 .328 .156 2.10 3.59 24.4 15.0 : 19.7 · L4.1 · 902 19.3 13.8 169 
207 14.42 .271 .135 2.01 3.13 24.8 15.•f , .. 19.5 13.8 807 19.4 14.0 191 
207 14.83 .404 .192 2.11 3.87 24.6 

15 • • r:- 19.6 1~-~ 785 19.5 13.8 205 

207 15.50 .276 .132 2.09 3.45 24.8 15.6 · 19.6 · n.4 697 19.4 13.4 177 
207 16.42 .259 .123 2.10 3.17 24.2 15.6 , 19:5 13.1 460 19.5 13.5 168 
207 17.92 .179 3.96 23.2 15:2 19.5 .13. 0 273 19.4 13.3 174 
207 18.75 .171 3.68 22.0 . 14.5 19.5 . 13.2 118 19.4 13.5 164 
207 21. 08 .116 1. 74 16.3 t'l. 9 19.l 13.4 -o 19.0 13.7 210 

207 22.08 .104 1.11 15.1 11. 7 - 18.8 13.2 -o 19.2 13.9 217 
208 11. 58 .130 2. 10 26.6 16.5 .. . 20.0 lA.O 884 20.0 13.9 309 
208 12.08 .217 3.12 26.7 16.3 - 19.8 14;0 915 19.B 13.9 266 
208 13.17 .179 3.11 27.2 16.5 i 19.8 l'4. 0 910 19.4 14.0 244 
208 13.92 .204 3.6i 27.9 16.8 .. 19_.8 13.8 870 19.6 13.9 279 

208 15.58 .201 2.88 28.2 1s : s - 19.6 12.S 568 19.6 13.3 262 
208 16.50 .148 1. 94 28.3 17.1) - . 19~6 . 12.9 533 19.6 13.2 311 
208 17 .25 .174 2.53 23.0 16.B· i . 19.6 · 12.2 364 19.5 13.0 307 
208 18.33 . 179 3.02 27 . 0 16,6 I 19.6 n.o 182 19.3 13.1 297 
208 20.50 .105 .46 19.6 14;S I . 19.l 13.5 -1 19.1 13.B 282 

i 
208 21.33 .084 .69 17.3 13.8 ,. 19.1 13 . 3 -0 19.0 lJ.7 270 
208 22.33 .083 .72 16. l 13.4 1. 19. _2 ·13,3 -·O 19.6 13.9 232 
208 23.33 .088 . 43 15.1 13.0 I . 18.9 13.2 -0 19.5 13.9 234 1--' 
208 24.33 .086 • 66 14 . 3 12.81 . 19.2 y~. 3 -0 19.6 13.9 232 ~ 

208 25.33 .087 .43 14.2 12iBI; 19 . 2 p.2 -0 19.4 13.B 233 ... 
-
' 

' 



, .• ..... 
··1--· . . 
. . 

TAI3LE C4 CONT. 

DfW START NORTH SOUTH RATIO mND OUT OUT . t SOUTH SOUTH SOLAR NORTH NORTH WIND 
110 . TIME HOtlE HOME IIVIS SPEED DRY WET .· DRY l~ET RAD. DRY I-JET DIR. 

INFLT INFLT 11/S BULB BUL~ · "BULB BULB ~JATTS/ BULB BULB DEG. 
HR-1 HR-1 ([) CC) r CC) . (t;;) SOMT ([) ([) 

209 17.75 .177 3.79 28.6 18.8. . 19.8 12.9 251 18.8 12.9 36 
209 18.75 .107 2.'15 26.9 18.3 ~ 19.6 13.2 77 18.6 13.2 35 

209 19.33 .084 1.29 25.0 17,9 . 19.3 !3,5 18 18.5 13.5 16 

209 20 .17 .049 . 53 22.3 . 17,6 . 19.4 13.5 -o 18.7 13.6 31 

209 21.25 .020 .50 20.6 17; 3 I 19.5 13.4 -o 19.2 13.7 95 

210 15.92 .658 5.67 32.0 22.8 . 21.7 13.2 5G9 21.8 14.0 61 
210 16.33 .581 4.94 11.4 22:s: 19.G 13.4 482 21. 7 14.0 94 
210 17.25 .344 3.16 30.! 22.4 1 21.4 13.3 277 21. 0 1'1. 2 113 
210 17.75 .507 3.69 30.5 22~8 , 21.5 . 13. 7 310 20.6 13.9 70 
210 18.08 .350 3.13 29.7 22.5 ' 21.1 13.5 190 20.5 14.0 90 

213 13.58 .476 4.14 26.8 16:.-r 20.1 16.8 990 19.6 18.2 356 

213 13.92 .297 4.18 26.8 16.5 . 19.9 · ts.9 BOO 19.5 18.2 356 
213 14.42 .379 3.71 27.1 16. l I 19.8 16.8 936 19.3 17.9 359 
213 14.92 .229 3.12 26.3 16.3 ! 19.8 .. 16 .. 9 656 19.6 18.l 355 
213 15.58 .306 3.18 25.6 16.0 1 19.3 \6.7 381 19.2 17.9 359 

213 16.83 .461 3.47 27.9 .17.81·· . 19.7 1(.0 393 19.4 18.0 357 

213 17.67 .263 2.70 25.6 16.3 19.9 17.2 181 19.1 17.7 1 
213 18.00 .158 1.90 25.2 1i;;: r 19.7 1-7. 1 287 19.4 18.1 358 

213 lEl. 50 .182 1. 76 25.1 · . 16. ' 19.9 17.2 195 19.5 18.3 1 

213 18.92 .206 1.93 24.5 16. 4 . 19.7 • .J.7. 1 89 19.2 18.0 358 

214 11.50 .<'.160 5.14 28.9 lS.~. 20.3 17.7 543 20.2 18.5 21 

214 12. 17 .468 4.73 28.1 18. -~· 20.4 ·1? .9 3(0 l~LG 18.2 40 

214 12.50 .596 5.19 26.3 17l 19.9 17.5 162 19.0 17.8 42 

214 12.92 .517 4.40 25.8 17 : • 23.8 . i?.4 140 18.8 17.9 32 

214 13.42 .564 4.Gl 26.l 18: . 19.8 17.8 201 19.0 18.2 37 
-----~-

214 13.83 .416 4.22 25.5 18.'ij 19.6 17.6 179 19.3 18.3 37 

214 14.42 .209 2.66 25.3 is: ; 19.6 17.7 250 19.1 18.2 32 

214 15.58 .269 4.43 28.5 '19.~ 20.2 . 18. 0 f;25 20.3 18.4 18 

214 16.08 .379 4.30 23.7 19·.~ 20.1 17.8 544 20.4 18.6 32 

214 17.08 .237 3.79 28.2 19 .·?, 19.9 H.4 417 20.l 18.4 6 
• I 

I 
217 16.58 .230 3.89 32.G · 25 _~-w . 20.6 . 14-. 3 531 19.6 12.4 47 

217 17.33 .193 3.44 31.9 25,Q 20.2 t4,2 338 19.7 12.5 29 

217 18.67 .139 2.58 30.3 24.5· 19.7 1,4.3 90 19.l 12.6 22 )--' 

217 19.58 .118 2.73 23.2 24.-~ . 19.6 14.9 14 19.0 13.4 358 ~ 

217 20.33 .125 3.71 28.7 2~.~ 19.5 . 15. 1 2 19.3 14.l 14 ~J 

1: 



• 
TABLE C4 corn. 

DAY START rmRTH SOUTH RATIO WIND 
rm. Til'\E HOME HmlE IN/IS SPEED 

Il'lFLT Il~FL T 11/S 
HR-1 HR-1 

217 20.92 .180 4.89 
224 11. 83 .092 1.35 
22'1 13.00 .085 1. 73 
224 14.00 .075 1. 77 
224 15.00 .089 2.19 

224 16.00 .088 2.23 
224 16.75 .074 1.67 
227 16.92 .169 .138 1.22 1. 01 
227 17.50 .146 .114 1.28 1. 15 
227 18.33 .182 .119 1.52 1.55 

228 14.25 .284 .159 1.78 2.83 
228 14.83 .321 . 186 1. 73 3.56 
228 16.00 .277 .162 1. 70 3.64 
228 16.83 .294 . 158 1.87 3.67 
228 1?.58 .425 .243 1. 75 4.24 

229 10.33 .271 .121 2.24 3.43 
229 11.00 .318 .145 2.19 4.64 
229 11. ~)8 .258 .117 2.21 3.24 
229 12.83 .337 .145 2.32 3.59 
229 13.92 .264 .109 2.43 3.39 

229 15.42 .547 .244 2.25 4.51 
229 16.00 .371 .203 1.83 3.76 
223 16.50 .581 .258 2.25 4.21 
229 16.83 .371 .157 2.36 3.63 
230 10.00 .122 .069 1. 78 1.14 

230 11.25 .277 .147 1.89 2.04 
230 11.67 .132 .075 1. 76 1. 73 
230 12.75 .186 .096 1.93 2.48 
230 13.42 .164 .101 1.63 1.50 
230 14.08 .115 .083 1.39 1.14 

230 14.92 .142 .079 1. 78 1.85 
230 15.92 .129 .062 2.07 1.65 
230 16.75 .129 .087 1.50 1.54 
231 10.25 .231 .101 2.28 2.03 
231 11. 25 .150 .077 1.96 1. 44 

OUT 
DRY 
BULB 
([) 
28.4 
24.7 
25.2 
25.1 
26.7 

26.8 
26.G 
29.9 
29.4 
27.9 

26.2 
28.2 . 
28.9 
28.7 
28.6. 

23.5 
24 .1 . 
24.4 
25.8 
25.4 

27.0 
25.7 
26.9 
26.4 
22.8 

23.2 
23.1 
23.4 
23.5 . 
23.5 

24.1 
24.3 . 
22.9 
22.9 
23.2 

• l . 

' 

l 
! " 

··.r-· 
our- 1· . ~ourn 

. 1-JEf .. -,··-· DRY 
BULJ!J BULB 
( c) : ( [,) 
23 , . 19.6 
17.~ 20.2 
18.1 20.1 
lS_;j 20.2 
18.1 20.0 

18. 1 . 19.8 
17. ~ . . 19.. 8 
24 · lr· 20.0 
23.~ . 15.9 

24 . ~ 20.0 

24. 22.1 
25. :. 22.0 
2G.~ . 21.6 
26·. l 21. 7 
23.1 21;6 

. I 

17 -~ ·-· 21. 7 
21..6 

:~: ~ 21.3 
19-. f . 21. 0 
is·. . 20.B 

19 .~ . 21. 0 
18 . 20.7 
19 . ~. 21.1 
19.6 20.8 
15.B 13 . 5 

15~5t-· 20.8 
15. bl- - 20.6 
18.2'. . 20.6 
lG.3 20.5 
16.0 20.5 

16:2 20.3 
18.4 20.2 
16.2 . 20.2 

. 15:_(111 19.1 
15.7 : 20.5 

,. 

• 

SOUTH SOLAR NORTH rmRTH WIND 
WET RAD. DRY I-JET DIR • 
BULB WATTS/ BULB BULB DEG. 
CC) . SOMT ([) (C) 
· 15.4 -o 19.5 14.3 22 
20 .. 4 827 22.9 19.7 345 
2·0.1 895 20.7 19.4 32 

. '20.2 SSS 20.5 19.4 61 
·20;0 848 20.5 19.4 99 

. 19;9 760 20.1 19.2 82 
l~.7 652 20.1 19.3 1 

:i4. 3 355 19.3 12.8 12 
. 14.2 206 19.3 12.9 327 
. .14. 7 91 19.2 13.5 246 

1s:s 260 20.8 lS.O 60 
16.7 359 20.6 15.7 48 
16.3 305 20.3 15.3 37 
16 .• 3 271 20.3 15.2 38 
18.2 213 20.8 15.3 37 

. 20~ 4 730 20.7 14.9 161 
. . 2o:s 806 20.3 14.7 116 
.~tl.7 848 20.3 15.0 135 
20.6 858 20.0 15.1 127 
20 • .4 825 20.0 14.8 119 

14:9 548 20.0 14.3 101 
.14:8 363 20.0 14.5 113 
15.0 535 20.0 14.4 99 
14.6 411 19.8 1'1. 2 123 

'14. 9 684 19.8 14.3 253 

· 15;1 833 19.9 14.3 223 
14.9 706 19.9 13.6 189 
15.1 585 19.8 14.4 119 
15;1 592 19.8 14.5 115 
_15. 1 546 19.9 14.7 136 

14:6 639 19.7 14.l 126 
14r2 605 19.6 13.5 150 
14.4 327 19.5 13.4 153 I-' 
16.6 428 20.0 14.8 282 I.SJ 

18. 3 392 19.9 14.7 304 w 
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TABLE C4 CONT. 
I 

DAY START NORTH SOUTH RATIO WIND mn OUT 'SOUTH SOUTH .SOLAR NORTH NORTH WIND 
rm. Tir1E HDr'IE HmlE IWIS SPEED mY ~JET 'DRY ~~ET RAD. DRY WCT DIR. 

HIFLT HIFLT r·J/S DULB BULB B\JLB BULB WATTS/ BULB BULB DEG. 
HR-1 HR-1 CC) (C) -. cp . ( c) . SOMT CC) CC) 

231 11.75 .081 .051 1.58 .88 23.7 16.3 ~0.4 19 .1 : . 540 20.0 15.0 354 

231 12.67 . 163 .053 3.09 2.40 25.2 17.5 .:_ ~!l.6 !9.8 BGO 20.0 14.9 53 

234 11.83 .187 .107 1. 74 1. 56 27.4 19.9 ~1.4 14 -~ . 7"60 20.1 17.2 EB 
234 12.83 .280 .120 2.32 2.53 28.0 20.1 . ?1.2 14.8 . 825 20.2 17.4 94 

234 13.25 . 238 .124 1. 91 2.47 27.6 19.8 . ~1.1 15.l - 747 20.0 17.5 70 

·1 
234 13.92 . 333 .151 2.21 3.34 23.3 20.3 21. 0 14. 9 . 731 20.0 17.4 62 

234 15.17 .4'14 .219 2.03 3.82 27.9 19,9 . ~l. 0 14.8 564 19.9 17.4 69 

234 15.58 .382 .179 2.13 3.24 27.5 19.7 '20.8 14. 5 .. 467 19.6 17.1 85 

234 16.17 .285 .!49 1.91 2.(8 26.l 19.5 : . ?0.6 14.7 270 19.7 17.4 76 

234 17.00 .156 .091 1. 71 1.85 25.5 19.7 f ·0.8 15.2 234 19.9 17.7 101 

23'1 17.67 .131 .OBS 1.52 1.48 24.8 19.8 20. 7. 15.0.' 156 19.7 17 .6 99 

235 9.75 .142 .074 1. 91 2.37 27.7 21.2 -21. 0 . 15 ."4 624 20.5 17 .9 357 

235 10.42 .146 .088 1.G6 2.62 27.6 20.8 ·20. 7 . - 15. 2 . 467 20.2 . 17 .7 351 

235 11.25 .123 .088 1. 40 2.10 26.2 20.3 20.4 15;2 244 20.2 17.8 0 

235 12.25 .191 .112 1. 71 2.66 25.6' 20.9 · f 0. 4 15.4 . 231 20.1 17.8 32 

235 13.00 .289 .155 1.85 3. 70 23.4 20.7 . 20.5 15. 7 . 92 20.5 18.2 40 

235 13.67 .391 .204 1. 91 3. 45 21.3 19.6 - -~0.8 15.9 108 21.3 18.2 50 

235 14.33 .258 .127 2.03 2. 80 19.8 18.0 '_i~L3 lG.1 101 22.3 18.0 45 

235 14.83 .104 .062 1.67 1.29 21. 0 . 18.5 . ~1.2 15.9 . 227 21.9 18.l 95 

235 15.92 .084 .042 2.01 1.28 21. 0 18.4 . ?1.1 15.9· 196 21.4 17.7 193 

· ' 
235 16.67 .078 .045 1. 76 .63 21.4 18.9 21.1 15.9 115 21.4 17.9 177 

2J6 8.25 .390 . 151 2.58 3.57 17.7 15.4 . 2L3 15:9 · ·354 21.0 14.9 194 

236 8.75 .'108 .151 2.71 3.63 18.7 15.8 · - ~·1.1 17. O· . 413 21.1 15 .1 199 

236 9. 17 .304 .117 2.59 3.51 19.3 16.0 .ai.4 17.4 525 21. 0 14.9 187 

236 9.58 .334 .146 2.29 3.72 20.! 16.5 ~ 1.3 17.-;l GOl 21.1 14.9 152 
' . 

236 10.08 .218 .091 2. 40 3.02 20.6 16.5 2 1.3 17. 7 ~ . 687 20.5 14.4 180 

236 !l.33 .460 .197 2. 34 3.91 21. 7 16.4 · ·aQ .9 17.9 813 20.1 14.5 209 

236 11.67 .250 .109 2.29 3.38 22.0 IG.3 20 .E; 17.7 844 20.0 14.5 158 

236 12.33 . 379 . !63 2.32 2.93 22.8 lG ~ O ~9: 2 17. 8 . . . 873 19.9 14.6 212 

23G 13.00 .231 .094 2.45 3.04 23.2 lG.2 ciO . 4 . 17. 9 BGB 20.0 14.B !GB 
1· 

23G 13.50 .l:JS .084 2.35 3. 17 23.4 16.5 20 .2 17.9 843 19.8 14.6 180 

235 14.25 .214 .094 2.27 2.70 23.7 16.8 . 20 .3 18.1 . 787 19.8 14.4 189 

236 15.00 .193 .086 2.24 2.56 23.7 H_i. 7 ~O .l . 18. 0 . 702 19.6 13.8 187 I-' 

236 15.75 .191 .081 2.34 3.31 23.8 16.9 -2.0 . 1 18.1 588 19.6 13.5 164 w 

236 17.17 .188 .120 1.57 2.G9 23.0 16 .• 3 2CT . 1 18.4 . 303 19.6 13.4 141 ti>. 
· -1 -

1. 

i -·1· . 
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TfiBLE C4 CONT. 

O~t-· SOUTH DAY START NORTH SOUTH RATIO WIND OUT SOUTH SOLAR NORTH NORTH WIND 
ND. Til1E H011E HOME IN/IS SPLED DRY 1--IET DRY . W£T RAD. DRY I.JET DIR • 

INFLT INF LT M/S BULB 
~g\ f. ~g\" BULB 1--IATTS/ BULB BULB DEG. 

HR-1 HR-1 CC) · CC) SQJ'IT CC) CC) 
236 18.17 .166 .113 1.48 2.47 22.0 16 !. 20.1 . 18.6 119 19.4 13.3 169 
236 19.08 .163 .077 2.11 2.62 19.5 15. 3 19.7 1·7 .6 10 19.4 14.0 159 
236 20.00 .162 .079 2.05 2.41 17 .-s 14 6 19.7 18.5 -o 19.6 14.4 180 
236 20.92 .310 . 128 2.41 2.93 17.2 14 5 19.6 ltl.4 -o 19.7 14.3 204 
236 21.58 .199 .103 1.93 2.55 16.5 14· ~ 19.5 . 18.4 -1 19.4 14.2 211 

237 14.17 .'108 .171 2.38 3.99 26.1 !Br 20.3 15.7 798 19.7 14.8 314 
237 14.92 .445 .195 2.28 3.93 26.1 17 9 20.2 ___ 16.6 727 19.5 14.4 304 
237 15.42 .555 .249 2.23 4.01 26.0 · 17 8- 20.3 17.2 671 19.8 14.7 282 
237 15.75 • 417 .184 2 . 27 3.29 26.0 17'. 9 20.4 .. J 7. 8 563 19.7 14.4 301 
237 16.42 .575 .247 2.33 4.40 25.8 " ia"o · 20.4 18.1 484 19.6 14.3 295 

I. 
237 16.75 .385 .178 2.17 3.83 25.4 17 ,a 20.3 "18.3 361 19.8 14.6 299 
237 17.42 .372 .176 2.12 3.53 25.0 17° ' . 20.2 · Hl.6 262 19.6 14.6 277 
243 15.75 .180 .175 1.03 1.13 29.3 ~5 6 20.3 l6.6 406 19.7 14.l 360 
2<13 16.50 .162 .124 1.31 2.16 31.9 2sr:5 20.4 ·19.3 412 19.8 13.3 350 
243 17.25 .172 .129 . 1.34 3.18 31.3 25 '7 20.4 19.8 241 19.9 13.2 359 

243 18.08 .163 .118 1.38 2.10 30.1 · 2sf:4 · 20.3 ·19.9 103 19.9 13.6 359 
243 18.83 .146 .120 1.22 1. 70 28.6 25 .I 1 20.2 '. 1'9.8 13 19.6 13.9 359 
243 19.50 .136 .104 1.30 1.80 27.8 24:::-9 20.3 . 20.1 -0 19.8 14.4 359 
243 20.92 .123 .091 1.35 . 2.20 26.4 ·23 9 20 . 1 20.0 -1 20.2 15.1 359 
243 22.58 .102 .092 1.11 1.27 24.8 23 .o 20.2 : . 20.1 -1 20.3 14.9 358 

2<13 24.25 • 0~)3 .083 1.12 .39 23.2 2~ !3 20.3 . 20.2 -o 20.9 14.9 22 

. i' 
:_ J 

. . 
.. :· 

0 

.. J. 
1· 

~- t-' 
l.D 
VI 

. l l 
. I 
; 
.L. 
l 

. 1 · ... 
l'I ... '•• 
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TABLE CS: FALL DATA. 

t DAY START NORTH SOUTH RATIO WIND OUT SOUTH SOLAR NORTH WIND 
NO. TIME HOME HOME IN/IS SPEED DRY DRY RAD. DRY DIR. 

INFLT INFLT M/S BULB BULB ~JATTS/ BULB DEG. 
HR-1 HR-1 (C) CC) SQMT CC) 

252 o.oo .800 .900 .89 6.08 30.0 22.0 -o 20.6 
270 14.25 .569 .617 .82 4.05 21.9 20.6 655 20.3 
270 15.00 .560 .663 .85 4.81 21.5 20.6 507 20.0 
270 15.83 .392 .447 .88 3.81 20.9 20.4 389 20.1 
270 16.17 .510 .588 .87 4.79 20.3 20.4 203 20.0 

270 17.08 .387 .416 .93 4.58 18.4 20.1 78 19.9 
270 17.75 .232 .241 .97 3.27 17. l 20.1 25 20.1 
272 11.17 .127 .153 .80 2.35 23.3 20.5 655 20.3 
272 12.83 .216 .250 .87 2.52 24.0 20.7 557 20.3 
272 14.17 .120 .134 .89 2.45 24.9 20.6 452 20.0 

272 14.83 .166 .174 0'"' .... o 2.35 24.5 20.7 360 19.8 
272 lEi.17 .074 .036 2.0G .98 20.3 20.3 84 19.8 
273 17.75 .319 .3Sl .88 3.17 20.3 20.6 l 20.6 
273 18.33 .188 .2S5 .74 2.97 19.9 20.5 0 20.4 
273 19.17 .407 .433 .94 3.70 19 .• 1 20.6 0 20.4 

273 19.75 .173 .213 .81 4.58 18.7 20.2 0 20.S 
273 20.08 .290 .387 .75 5.83 18.5 20.6 0 20.9 
273 20.50 1.094 1.171 .93 5.82 18.3 20.7 0 21.4 
273 ·20.92. ;343 .312 . 1_.10 3.42 . 18.1 . 20. 7 0 22. l 

' 273 ·. 21.5,0 .·065 . 1. 74 18.8 . 20 .. ~ -o 21.3 . . ) . . .. . . ; . . l 
277 15.25 . 293 . .373 .78 3.37 21.2 23.2 402 22.7 
277 16.08 .217 .288 .75 2.73 21.2 23.3 332 22.6 
277 15.83 . . 251 .325 .80 3.27 20.4 23.4 210 22.5 
277 17.33 .137 .204 .67 2.d 19.6 23.1 . 114 2a.3 9 . : .. 21_1 . 17 . . 8~ .~9 ·5 · .116 .82 1.58 17.2 21.4 16 22.5 

.so I t • , • • . • • • I • • • l 
- ·-----)-. :--- -,-~~-1;-~--~·3 15 ... 34'$- z.t32 i .. 18 ~ o ·--- 2~ . 9 · ~$ · 22 . e ~-~ . . 279 14.42 • .232 .cso "91 2·.53 . 18.o · . ·23~0 so2 .. .22:s : . . I 

279 . 15.00 .244 .271 .90 3.30 18.l 23.2 •503 22.7 
. 279 15.83 . • 250 .278 .so 2.52 17.S 23.2 347 22.5 

279 . 16 .. 75 . • 140 . .. 157' .89 2.01 . 17. 0 23.1 164' 22 .. 5 . 

279 17.67 .140 .183 .78 1.52 14.S 22.9 25 22.S 
280 10.33 .394 .441 .89 2.87 13.2 17.3 144 lEi. 6 
280 10.75 .476 .534 .89 3.35 13.7 17.6 129 16.9 
280 11. 50 .452 .452 1. 00 3.21 14.3 17.7 122 17.2 
280 12.58 .250 .299 .84 2.74 15.4 18.1 119 17.7 

280 13.17 .196 .214 .92 2.50 15.7 18.3 99 18. 0 . 
280 13 . 67 .307 .358 .88 2.96 15.S 18.6 86 18.2 
280 15.00 .316 .322 .98 2.73 14.4 18.8 38 18.4 
280 15.42 .385 .406 .95 3.07 14.0 18.7 26 18.5 
280 16.00 .550 .586 .94 3.51 13.7 18.5 19 18.S 

282 10.42 .249 .340 .73 5.51 17.5 20.S 556 20.3 
282 11.58 .266 .382 .70 5.67 19.2 21.5 667 21.6 
282 12.33 .254 .380 .70 5.58 19.9 22.l 614 22.1 
282 13.17 .171 .233 .73 4.31 20.2 22.8 483 22.7 
282 13.92 .227 .308 .74 4.82 19.6 22.5 233 22.7 

282 15.17 .189 .242 .78 4.47 19.3 22.7 140 22.S 
282 16.42 .155 .187 .83 3.00 18. 1 22.2 36 22.5 
281 15.42 1.141 1.034 1. 10 8.65 18.5 22.8 412 22.8 
281 lEi.17 1.389 1. 071 1. 30 9.43 17.0 22.9 293 22.7 
281 11.83 .897 .986 .91 6.29 22.7 23.0 510 22.9 

281 12.17 1.139 1.257 .90 8.40 23.4 22.9 711 23 .1 e 281 12.92 1.390 1.323 1. 05 8.91 21.5 22.8 432 22.G 
204 15.00 1. 814 2.000 .68 9.08 13. 1 19.2 236 18.4 
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TABLE CS CONT • 

• DAY START NORTH SOUTH RATIO WIND OUT SOUTH SOLAR NORTH WIND 
NO. TIME HOME HOME IN/IS SPEED DRY DRY RAD. DRY DIR. 

INFLT INFLT M/S BULB BULB WATTS/ BULB DEG. 
HR-1 HR-1 CC) CC) SQMT CC) 

284 16.83 1.558 1.759 .89 8.61 11.9 18.3 53 18.5 
. 285 12.50 .635 .694 .92 4.42 13.7 19.4 357 19.6 

285 13.08 .925 l. 047 .88 5.46 14.7 19.8 454 20.0 
285 13.83 .795 .789 1. 01 4.61 14.5 20.3 330 20.4 
285 14.67 .813 .957 .85 4.50 14.6 20.5 353 20.9 

285 15.00 .434 .506 .86 3.84 14.3 20.6 235 20.7 
285 15.33 .604 .626 .96 4.43 15.4 20.9 438 21.2 
285 15.83 .503 .550 . 91 4.40 14.3 21. 7 227 21.8 
285 17.00 .431 .513 .84 3.42 13.5 22.1 122 22.5 
285 18.50 .162 .185 .87 1.53 8.3 19.9 -0 20.4 

285 19.33 .144 .168 .86 .89 6.5 18.9 -o 19.3 
285 20.08 .147 .168 .88 .93 5.8 17.7 -0 18.2 
285 21.08 .139 .162 .85 .?7 5.1 16.5 -0 17.0 
286 13.50 .233 .212 1.10 2.29 16.3 23.0 633 22.6 
286 13.83 .263 .263 1. 00 l.55 16.8 23.4 618 23.3 

286 14.17 .139 .128 1. 08 • ?7 16.9 23.9 574 23.8 
285 14.67 .1S6 .173 1.14 1.42 16.8 23.4 519 23.2 
286 15.58 .189 .168 1.12 1.24 16.8 23.7 373 22.8 
285 16.17 .131 .112 1.17 .67 16.4 23.7 ,261 ·23.2 
286 ··16.83 • 11~ • 086 1 . ~3 . . ' . 5.2 . 15.6 23.3 . 13E!" 22.8 

I . 
. 2s7 l 13. co 

.. I • • . 
.416 • 491• '.85 . 4.29 19.-0 23.5 639 ·23.2 

287 14.08 .532 .587 .91 4.34 20.5 23.4 587 22.9 
287 15.00 .394 .413 .95 3.93 20.8 23.6 467 23.2 

. 287 . 15.58 . .467 .493 .95 4.41 20.5 23.4 . 375 22.6 

~ 
287 16.17 · ·.422 .411 l. 03 4.36 20:0 . 23.3 252 23.0 

. 287 1? ~33 _'. _ _'.26.5 - -• .355- I .:. 75. 2·. 77 I • f&~ 5 ..:. \ 23- 1 L....:..sA---2a...-3 . . : . -~~ r •• 1 . . . 
. · §s1· uJss . . · . rs~ ~ r f..12 · ·2.38 1 17.r. · · 2s-.o j.: ~ 35· · 23;0· ! . 

c8? · . 18.0() .129 .085 1.51 1.45 · 14.6 °23.0 .1 22.5 
28? 19.83 . • 156 .156 1. 00 1.20 . 10.6 21.6 -0 21.3 
287 20.67 .137 .129 1.06 1. 06 10.4 20.7 -o 20-.5 

287 23.00 .150 .177 .84 1.64 9.8 19.4 -o 18.8 
287 23.82 .250 .313 .83 2.95 8.9 19.6 -o 18.5 
287 24.58 .202 .246 .82 2.30 8.6 19.4 -0 18.6 
290 15.25 .404 .528 .76 6.66 19.9 23.6 415 22.8 
280 15.83 .481 .700 .69 6.85 19.6 23.3 282 23.1 

290 16.58 .371 .446 .83 6.37 19.2 23.3 169 22.9 
290 17.42 .349 .385 .91 3.50 17.7 22.5 21 23.0 
290 18.00 .222 .1S3 1.12 2.95 16.S 22.7 1 22.8 
290 18.33 .204 .145 1. 41 2.90 16.2 22.4 -o 22.4 
290 19.83 .304 .364 .84 3.62 15.5 21.4 -0 21.6 

290 20.75 .276 .248 1.11 2.93 13.8 21.0 -0 21.1 
290 22.00 .234 .250 .90 2.19 11. l 20.1 -0 20.3 
290 22.75 .234 .253 .92 2.70 10.2 19.6 -0 19.8 
291 13.83 1.079 1.129 .SS 6.37 14.8 20.3 175 20.6 
291 14.17 1.354 1.332 1. 02 6.73 14.5 20.1 152 20.5 

291 14.67 1. 319 1.233 1.07 S.84 15.5 20.s 290 20.7 
291 15.00 1.116 .854 1. 31 6.93 14.4 20.1 72 20.5 
291 16.08 1.024 .898 1.14 S.89 13.6 20.0 134 20.3 
291 lS.83 .863 .605 l. 43 5.53 14.9 20.3 67 20.7 
291 17. 17 1.093 .740 1.48 7.41 14.4 20.1 17 20.3 

291 18.00 .286 .297 .86 2.27 12.2 19.4 0 19.7 
291 18.25 .849 .947 .so 5.45 10.7 19.3 0 19.5 
~ci? 
<=- - 13.42 .359 .341 1. 05 3.01 13.5 20.0 123 20.0 
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TABLE CS CONT. 

DAY 
NO. 

232 
292 
292 
292 
292 

292 
292 
292 
293 
293 

293 
293 
293 
293 
233 

293 
233 
293 
293 

. 293 

START 
TIME 

13.75 
14.75 
15.75 
16.25 
16.92 

18.08 
19.00 
20.42 
10.83 
11. 50 

12.00 
12.42 
12.83 
13.25 
13.50 

13.92 
14.42 
15.17 
15.92 
17: 17 

NORTH 
HOME 
INFLT 
HR-1 
.222 
.258 
.243 
.178 
.138 

.143 

.135 

.161 

.361 

.291 

.319 

.258 

.324 

.145 

.309 

.154 

.192 

.176 

.136 
.. 0.96 

SOUTH RATIO 
HOME IN/IS 
INFLT 
HR-1 
.180 1.23 
.235 1. 10 
.246 .99 
. 177 1. 01 
.134 1.03 

.134 

.132 

.158 

.366 

.239 

.327 

.256 

.2~6 

.227 

1.07 
1.03 
1.02 

.98 
1.22 

,97 
1. 01 
!.26 

1.36 

WIND 
SPEED 
M/S 

2.50 
2.33 
2.15 
1.65 
1.15 

.39 

.51 

.44 
2.79 
2.45 

3.03 
3.38 
3.21 
2.37 
2.s5 

2.07 
2.04 
2.64 
1. 75 

.88 

OUT 
DRY 
BULB 
CC) 
14.S 
14.7 
15.1 
15.3 
14.6 

10.5 
8.4 
6.7 

18.6 
19.1 

19.4 
19.6 
19.9 
20.0 
20.2 

20.1 
20.l 
19.9 
18.6 
16. 4 . . 

SOUTH 
DRY 
BULB 
CC) 
20.5 
20.8 
20.6 
20.5 
20.6 

19.6 
19.3 
19.2 
22.9 
23.2 

23.3 
23.6 
23.8 
22.6 
23.8 

23.5 
23...5 
23.3 
23.,5 
c3 .. 3 

SOLAR 
RAD. 
WATTS/ 
SOMT 

198 
83 
80 
71 
42 

-0 
-o 
-0 

572 
557 · 

597 
615 
617 
609 
574 

530 
443 
326 
139 
·39 

NORTH 
DRY 
BULB 
CC) 
20.4 
20.5 
20.7 
20.6 
20.5 

19.9 
19. 1 
18.6 
23.0 
23.4 

23.S 
23.l 
22.9 
23.8 
22.8 

23.1 
23.2 
23.0 
23.1 
22.8 

· 294· l0.50 .~;90 .6as· .71 5.41 1 20:9 23.4 -o · 23.6 
294 10.83 .338 .404 .84 5.05 21.5 23.8 -o 23.8 
294 ll.c7 ,300 5.59 22.3 23.0 -o 23.6 
2:J4 12.83 .446 .628 .71 5.31 23.6 ' 23.4 -o 23.0 
294· 13.50 · .·3SO .470 .83 5.86 24.0' . 23.5 -0 23.0 

~~~t~.~- · .JJ~_+ __ t. Jso; ; .79 · . s:2~~.~- ·_ 22.9_· __ ._'" -:-9 · . 23.o". · 
1294 l i5.83 .230 . ! . . . . ' 4 .. 39 ·2 . 2 . 23~2~-a--- . 23.3 . 
' 297 : '1'8.25· .1s8 · .243 · .69 3.2s·. 2·0.s .. ·23 : 4 · :...b · 23.7 
297 18.75 .134 .166 .s1 2.39 · 13.9 23.3 -o ·23.s 
298 . 14.58 · .530 .456 1.16 3.11 15.2 22.3 136 22.6 

288 
298 
298 
298 
298 

258 
298 
288 
298 
300 

300 
300 
300 
300 
300 

300 
300 
300 
300 
301 

302 
302 
302 

14.S2 
15.25 
16.08 
16.83 
17.33 

18.33 
19.00 
19.58 
20.83 
11.50 

12.25 
13.42 
13.75 
14.17 
14.50 

14.83 
15.67 
16.17 
15.92 
10.75 

16.50 
16.92 
17.42 

.442 

.300 

.297 

.192 

.278 

.285 

.180 

.147 

.219 

.165 

.143 

.174 

.140 

.245 

.318 

.177 

.286 

.133 

.090 

.637 

.803 

.518 

.4GG 

.352 

.175 

.267 

.138 

.241 

.242 

.109 

.087 

.222 

.150 

.130 

.164 

.117 

.230 

.314 

.136 

.301 

.114 

.056 

.Gl3 

1.25 
1. 71 
1. 11 
1.39 
1.16 

1.18 
1.65 
1. 70 

.99 
1.10 

1.10 
1. OG 
1. 20 
1. 06 
1. 02 

1.30 
.95 

1.17 
1. 60 
1. 04 

. 892 • 90 

.S24 .99 

. 326 1. 43 

3.15 
3.14 
2.49 
2.12 
2.31 

2.22 
1.54 
1.27 
1.84 
2.56 

2.70 
2.57 
2.61 
3.08 
3.49 

2.21 
2.?S 
1.48 

.66 
4.42 

5.20 
4.79 
3. 19 

15.S 
15.2 
14.8 
13.8 
14.3 

13.9 
13.7 
13.8 
13.5 
18. 1 

19.8 
21.4 
22.0 
22.4 
22.6 

22.5 
22.3 
21. i' 
19.8 
14.6 

15.6 
15.1 
14.3 

22.3 
22.1 
22.0 
21. 8 
21.5 

21.0 
20.8 
20.6 
20.3 
21.4 

22.1 
23.4 
24.0 
23.3 
23.6 

23.3 
23.3 
23.4 
23.4 
23.4 

24.0 
24.0 
23.6 

118 
87 
50 
16 

3 

0 
0 
0 
0 

590 

608 
578 
c;-..., 
-::J~ 

524 
490 

445 
311 
192 

53 
474 

162 
76 
19 

22.5 
22.4 
22.2 
22.0 
21. 7 

21.3 
21.1 
20.9 
20.5 
21. l 

21.9 
23.2 
23.5 
22.9 
23.0 

23.l 
23.0 
23.0 
22.8 
22.3 

23.1 
23.5 
22.2 

l o c: _, ~ 

WIND 
DIR. 
DEG. 

- - ~ 
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TABLE C5 CONT. 

DAY START NORTH SOUTH RATIO WIND OUT SOUTH SOLAR NORTH l-IIND 
NO. TIME HOME HOME IN/IS SPEED DRY DRY RAD. DRY DIR. 

INFLT INFLT M/S BULB BULB WATTS/ EULB DEG. 
H~-1 HR-1 CC) CC) SQMT CC) 

302 17.75 .285 ' .184 1.56 2.65 13.9 23.1 1 22.4 
302 18.33 .460 .359 1.28 4.05 13.4 22.3 0 21.8 
302 19.08 .477 .379 1.26 3.56 12.6 21.6 0 21.3 

- . : I ·-·-~- l - - -_........:.__,,+_:._·--=-=----'-;-·~ ~ -; . I . . f • 
. : I .. 

- .. . . . I 
--r:-~· . . ------.,.- -· . . --. . . .. . . . ' 
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TABLE CG: TYPICAL ERRORS IN THE DATA. 

DAY START f'IORTH SOUTH RATIO wnm OUT . OUT· -r · sourn SOUTH SOLAR · NORTH NORTI-1 WIND 
NO. TIME HOME HOME !WIS SPEED DRY I-JET . - DRY WET RAD. DRY· I-JET DIR. 

STOP INFLT INFLT ERR BULB BULB. ·- EULB BULB ERROR BULB BULB ERR. 
THlE ERROR ERROR . M/ S TEl'lP TEl1P . TEl1P . . TUlP ~JATTS/ TEMP' TEMP DEG. 

HR-1 HR-1 ERROR ERP.Or · ERROR ~RROR SQl1T ERROR ERROR 
CC) <Cl CC) (Cl (Cl CC) 

344 2.75 .543 .322 1.69 1.82 -7.5 · -[3. .. 22.5 22.4 -1 22.7 22.4 346 
3.67 -.203 -.771 .33 .1. . · I 1.2 · l.2 0 1.3 1.1 16 . ' .. 

346 13.SO • 477 .179 2.66 . 2.11 23.4 - : . 24.0 .23. 6 341 23.8 23.5 347 
14.43 -.157 .052 .BO 6.1 

-1: ~ . 1.0 . • 9 53 1.1 1.1 23 

351 2.58 .337 . 244 1.38 . 1.73 -1.3 11.5 11.4 -1 11. 0 10.6 65 
3.25 .031 -.037 .32 .4 . . . • 1 - • 1 0 .2 • 1 14 

362 14.00 1.468 1.004 1.46 . 8.07 6.5 3 - 26.5 ·26. 2 347 27 .1 . 26.7 13 
14.42 -.066 .042 2.26 .2 . . . 1.1 . • 9 43 2.6 2.4 4 .. 

364 15.50 1.475 • 767 1.92 . 6.71 -8.6 . -9. 26.2 .25·.s 168 25.4 25.1 38 
15.83 - . 364 .101 .89 .3 .. . 1.5 1. 3 34 1.6 1.4 9 

366 17.00 1.802 '.857 2.10 5.92 -12.2 . ·-12. 25.9 25 .8 35 25.2 24.9 37 
17.33 -.750 -.013 .83 .2 l 

1.8 . 1.5 14 1.9 1.7 12 

. ' 24:? 5 17.33 .324 .205 1.58 1.22 -5.7 -5. . 25.8 ·25.6 4 24.5 90 
19.00 -.134 .132 .28 1.8 L , 1.1 .. .. i'. 1 8 1.6 1.6 4 

18 19.50 .424 .264 1.61 2.03 -12.3 -i2.J 23.4 . 23.2 -1 24.4 24.0 147 
20.00 -.483 1.055 .56 .3 . . . 1.5 .... 1.3 0 2.0 1.9 8 

. I 
28 20.42 1. 578 .994 1.59 10.22 -18.5 -!B:t 25 . 6 .25.4 -o 26.1 26.1 54 

20.92 .164 .446 1.86 .1 1. 9 · I.9 0 1.0 .9 10 
• i . 

29 13.58 2.299 1.189 1.93 .. 10.31 -13.0 -1;3~ .. . 25.1 24 : 9 585 25.5 . 25.4 42 
14.42 .108 . 235 2.00 .2 

~3;~ . 
. 1.8 .. 1.6 14 1.6 1. 4 21 

39 14.08 .466 . 331 1. 41 4.61 -2.6 · 24.4 . 13.4 595 23.5 11.3 6 
14.42 .030 1 . 427 .77 .2 .9 .5 10 1.3 .G 30 

64 16.50 1.040 .483 2.15 5.65 -.o -.~ 
.26.0 . 18.3 380 26.2 16.G 105 

16.[33 .170 .893 .68 .o .1 1.3 .7 26 1.2 . .8 12 

70 22.00 1.594 .861 1.85 7.00 17.7 15. 7. 26.3 0 26.4 -0 26.1 26.1 233 l\J 

22.42 .073 .121 1.15 . 1 . ,_ .:o . • 9 .8 0 1.1 1. 0 44 0 
0 

·- 41-
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TABLE CS, CONT. 
. ·1· 

I 

DAY START fiORTH SOUTH RATIO UIND OUT rn:n j· . SOUTH "SOUTH SOLAR NORTH NORTH 1wnm 
f'iO. Tit·lE HDf1E HOME IN/IS SPEED DRY WET . I DRY WET · RAD. DRY l~ET DIR. 

STOP IliFLT INFLT ERR BULB ' BUl..:B - BULB BULB ERROR BULB BULB ERR. 
Til1E ERROR ERROR 11/S TEtlP TEMP i TEf'lP · .TEMP WATTS/ · TEtlP TEnP DEG. 

HR-1 HR-1 ERROR ERRQ · ERROR · ERJWR smn ERROR ERROR 
([) CC) ([) . (C) ([) (C) 

78 16.75 • 978 .462 2.12 . 5.27 9.1 9.· 29.1 2s·. 7 139 28.4 22.3 260 
17.08 .022 .328 .95 . l . 1. 0 .. . 9 15 1. 0 .7 13 

88 2.42 .4?7 .347 1.37 7.72 17.4 17: 26.0 25.4 0 25.6 25.5 15 
3.17 .349 .239 1.42 .2 ... .8 .. .6 0 .8 .9 9 

92 17.63 2.719 1.228 2.21 12.50 20.9 20. 32.2 31.9 129 30.6 30.3 79 
18. 07 .026 .111 2.07 .7 .2 .3 20 .3 .4 8 

118 16.92 .223 .158 1. 41 . 4.30 34.1 34; · 29.9 : . 23.2 269 29.0 23.1 9 
17.42 .034 .773 .78 .6 . . 1. 0 . . 6 83 .9 .G 11 

123 18.08 . 694 . 270 2.57 . 5.22 21.9 22, . 26.8 . 26~9 70 26.5 ' 26.5 308 
18.58 .083 .393 1.22 .4 . .6 .6 32 • 1 • 1 12 

·: r 
133 23.00 • 173 .129 1.34 . .52 17'. g 14 vfi. 24.3 24.3 -o 24.6 22.2 99 

23.67 .258 .469 .19 .3 
. . ~ • 1 .1 0 • 1 • 1 1 

145 16.00 .965 . 499 1.93 . 5.80 34.3 23 .. ; . 2p.2 t9.5 462 26. 0 ,' 18.8 262 
16.58 .006 .297 .79 .6 _·1 .6 ~7 148 • 7. .8 16 

150 12.67 .533 . 256 2. 09 . 4.00 32.3 . 22.~- 25.4 : . 19.5 861 25.4 . 19.0 254 
13.00 .348 1.415 .86 .8 - ~ .r.-

..., .6 6 .8 .8 43 . ' 
152 14.50 1.973 1. 021 1.93 10.49 28.4 16l 25.6 . i7.7 500 24.9 " 15.9 90 

14.77 .314 .726 2.02 1.0 . . .7 .4 323 .9 .4 13 

161 19.50 .210 . 144 1.46 . 2.84 23.4 . 17 ... . ?l.5 . 16.4 38 21. 7 16.1 327 
20.00 1.204 2.422 .58 .4 : r . .6 .5 17 .7 .6 10 

190 13.83 .209 .123 1.70 2.52 30.1 ::l · 19.6 ' 13.9 793 20.1 · 14.4 186 
14.75 .332 .983 1.06 .4 .5 .7 240 .6 .7 48 

196 19.75 .203 .118 1. 72 ' 1.94 30.6 20.0 14.5 4 20.6 14.9 32 
20.58 .574 .967 .47 • 5 . . . . . .6 ~G 5 .6 .7 7 

207 9.33 .760 .370 2.06 5.34 22.1" 1:41 . 20.1 . . 14.4 684 20.2 . 14.2 248 N 

10.25 -. 008 .148 .89 .s .7 .. . . • 6 47 .7 .8 18 0 
• · 1 . I-' 

I 

' .. 

I · _l 
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TABLE cs, CONT. : J __ 
DAY START NORTH SOUTH RATIO WIND OUT OUT ~ 
r-m. TIME HOME HOME INl'!S SPEED DRY wEi·; 

STOP INFLT INFLT ERR BULB BU~B 
TI11E ERROR ERROR M/ S TEl1P TErpP. 

HR-1 HR-1 ERROR ER OR 
(C) .i: c 

227 17.50 .146 .114 1.28 . 1.15 29.4 2· • 9 
18.33 .011 1.143 .47 .6 . • 3 . 

234 11.83 .187 .107 1. 74 1.56 27.4 
12.83 .014 .941 1.02 i.1 

237 15.42 .555 .249 2.23 . 4.01 26.0 
15.75 .014 1.329 .85 .2 

243 24.25 .093 .083 1.12 . .39 23.2 .3 
25.00 .072 .429 o.oo . 5 . ' .3 

273 17.75 .319 .361 .88 . 3.17 20 .• 3 · 1 0.4 
18.33 .055 .141 .81 .2 .• 2 

281 15.42 1.141 1.034 1.10 . 8.65 18.5 . - 1~ :3 
16.17 0.000 0.000 1.31 • 7 . ' .4 

. -
287 15.00 .394 .413 .95 3 . 93 20.8 0.7 

15.58 • 052 .190 .81 .1 • 1 

292 16.25 .178 .177 1. 01 1.65 15.3 . 5.3 
16.92 • 071 .469 .40 . .2 . . • 1 

298 18.33 .285 .242 1.18 2.22 13.9 · 4.o 
19.00 .138 .371 .59 .2 ·- , .2 

SOUTH : 50UTH 
DRY WET 
BULB · BULB 
TE11P · TEMP 
ERROR : ERROR 
(C) . cc) 
19.9 . :· •14.2 

.6 .7 

21.4 14.9 
.6 .7 -

20.3 17.2 
.7 .6 

. 20.4 20.2 
.6 .5 

20.6 ; . 20.4 
.5 .6 

22·.8 22.8 
• 5 : . . .5 

23.6 ·. 23 . 5 
-~ . .8 

20.5 . 20 . 5 
.2 . .o 

21.0 . . ~0.9 
.2 . • 1 

SOLAR NORTH 
RAD. DRY 
ERROR BULB . 
WATTS/ ' TEMP 
SQMT ERROR 

CC) 
206 19.3 

74 .8 

760 20. t . 
287 1.0 

671 19.8 
20 .9 

-o 20.9 
0 1.0 

1 20.6 
1 .8 

412 22.8: 
124 .7 

467 23.2 ': 
29 1.1 . 

71 20.6 . 
8 .1 

0 21.3 
0 .1 

NORTH 
WET 
BULB 
TEMP 
ERROR 
CC) 
12.9 
1.0 

l?.1 
LO 

14.7 
.9 

14.9 
. 8 

23.7 
.6 

23.5 
.7 

23.2 
1.1 

21. 0 
• 0 

22.1 
.1 

I WitiD 
DIR. 
ERR. 
DEG. 

327 
34 

68 
60 

282 
13 

22 
29 

0 
0 

0 
0 

0 
0 -

0 
0 

0 
0 

N 
0 
N 
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APPENDIX D: COP of Air Conditioners 

As part of the energy usage study, the COP values of 

both air conditioners were measured on one particular 

afternoon in late August. Both air conditioners were 

measured consecutively at nearly the same conditions. 

The outside air was cool and dry, and the afternoon was 

sunny (unfortunately the weather data was not recorded) . 

The method used was similar to that used by Murphy.
66 

The wet and dry bulb temperatures of the air flowing through 

the ~vapor~tive coils of the air conditioner were measured 
'f .. # 

befo.re. · ~rid. after trte 'air· .pas'sed .'tnr.o\lgh' 't _t)e c;:o,ils . .' . Wfth · . . . 
the wet and dry bulb temperatures known, the enthalpy and . . 

~ - J . humidity ratio ·of the'. entering· and leaving a1r could ·be : · 
• • ·- ·:· - .. - • • ·- • • ·~ · - · •• j ~-· . .... 1 ~ •• ·. ~. • • 

I 

· determined, · and 1 j:he energy lbap. ance . 4{eterm~rre-ct:-:- · . . == 1- · :--- .. · ,_ 1 

q = m (-h . · + h - ) + <w. ai ao i 

' o I o 

w ) h . 
o · w 

The south home was run first. At the beginning of the 

test the air conditioner was allowed to cycle on in the 

normal manner. Then the thermostats were turned down to 

increase the on time of the system and reach a steady state 

condition. Data collection began 5 ~inutes after the air 

conditioners were turned on. Temperatures were measured 

once every minute for 20 minutes. After the temperature 

measurements were completed the electric consumption was 

measured by timing the rotation of the electric meter disc 

and measuring and subtracting the background electric use. 
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With this completed the procedure was repeated for the 

north home. 

In order to complete the COP measurements the flow 

rate of air through the air conditioner had to be measured. 

Four procedures were used. The air flow was measured 

using a pitot-static tube to measure the air velocity on a 

grid of 1.27 cm (1/2") by 1.27 cm (1/2") over each supply 

register and integrating over the register and finally by 

summing all of the registers. Secondly, the air flow in 

the return register was measured using a vane anemometer 

.and -I'!le·asuriryg the velocity at si.x posi_tions over the regi-
~ . . ' . . . . . . . . . . . . 

ster and summing. . Thirdly I the air f·low was rn!=as<:J.req •by 

cieasuring the . flow rate from the supply registers using the 

- - · _ v.&~~ . . aJ;l e~~me.~e.r. · Ct~".of · ~?-~~-i~-g~ \,/e~.~ .taken. _fo_r . ~a.~h 
• . . . . . I . • . • .. , 

by placing the anemomet::er· o'n eac'li -half ·of th.e re.g i'st·er 

register 
~~-. ·.· ·- d . -} "-~-7 u n[ . . - . 

summing the results), and-fourthly, rneasureme!1ts were 

taken in the supply duct with the vane anemometer. 

The data and results are presented in table Dl. The 

COP values were much larger than expected due to the cool 

outside conditions. (Unfortunately the exact outside 

conditions were never recorded.) The south homes' air 

conditioner was determined to be about 2~ more efficient 

than the north homes' air conditioner (using rated flow). 

However, due to the error involved (which was much larger 

than the difference) this difference is really not signifi-

e cant. 
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Tahle Dl Results of COP measur-ements 

Home 
time of run (min.) 
Output of thermocouples 

Return dry b ulb (mV) 
wet b u l b (mV) 

Supply dry bulb (mV) 
wet bulb (mV) 

Temperatures 
Return dry bulb °C 

wet bulb °C 
Supply dry bulb oc 

wet bulb °C 

North 
20 

avg. 
.696(±.011) 
.496(±.011) 
.184(±.003) 
.151(±.005) 

a ;~ _..._ 

17.7(±.3) 
12.7(±.3) 

4.7(±.1) 
3.9(±.1) 

South 
21 

. 736 (±.012) 

.543(±.016) 

.221(±.013) 

.205(±.014) 

18.7(±.3) 
13.9(±.4) 

5·.7(;t.3) 
5.3(±.4) 
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Humidity ratio kg / kg dry 
Return air 
Supply air . 

.00712(±.00018) .00796(±.00026) 

.00469(±.00004) .00538(±.00016) 
Condensate removed . . . 

. . kg/ki ~E~ aii · .. 0.0243 (~ :00022.1 ·• 00.258 (± '000 ·~2) 

.Enthalpy kJ/kg dry air 
Return air 

. . . . . t uI?ply a i r · . · 
- . -----.-eome·eR-$;::rt:a-=- 1 • , · 

• ' I 
. Enthalp~ Yernoved · 

kJ/ kg dry air 

~ 3 • 51 ('± . 7 5 ) 
34.24 (±.20) 

. 0:.0(4 (_±.-0p.4) _ 
• • • t • • • ! ~ r 

19.23(±.95) 

Time for 5 rev. of power meter 
Backgroung (1 rev.) sec 

36.0 s 
40.0 

2.95 Net power used kW 

Volume flow rate #1, #2 .438 .510 

#J, #4 m3/ s 
3 

.587 .504 
Average of #1 #2 #3 #4 m /s .510(±.112) 

Cooling kJ/s 

COP* 

11.94(±3.21) 

4.05(±1.08) 

56. 65( ±·.95) 
36. 99( ± .70) 
o •. 0 5.(± .. ooa·) . ·4-. ~; .-'- . . . - I ·:-S I 

19.61(±1;66) 

"35. 7 s 
37.5 

2.94 

.432 .538 

.592 .514 

.516(:!:.130) 

12.28(±4.13) 

4 _.17{±1.40) 

*Under . rating conditions this value would have been 2.3 
The high value is mostly due to the low outsid e temper 
atures of this particular test (e s timated as aro und 7 0 °F 
or less) , and partly due to the apparently high flow rates 
measured. (The fans were rated at 0 . 364 m3/s , flow rates 
were measured as 0.51 and 0.52 rn3 / s.) 
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APPENDIX E: Calculation of Infiltration 

The present methods suggested by ASERAE for predict-

ing air infiltration are first considered. However as 

these methods do not p~edict trends in infiltration due 

to changes in wind speed or temperatur'e accurately this 

appendix also considers a possible physical model to 

represent the measured data. 

i .. . 

E .1 AS HRAE Me thod-s 

ASHR.t"\E
4 

recommenQ.s two methods for determining 

• . . • • 1 i n fi ], t ra t i!,on: a) . th~ cr~ck . mf! t0od, and ·b) the · air change .. 

I
. ------ ' · .,. ~ • ' ' l , ' · • - - • . . • - I , • . I . • . • • . . . . . · · I . . ~ · . ~ 

• • • • c. • - • • ' • : • • I • ' '"' ~ · method.. · · · · · · · ·· · I 

. . 
E.1.1 Expected Infiltration Rates 

Based on the Crack Method 

The procea~re for determining the infiltration using 

the crack method is as follows: a) estimate the length of 

crack on each wall, b) take the crack length from the wall 

with the most crack length or half of the total crack 

length, whichever is larger, c) estimate the crack geometry, 

(this is usually in terms of window crack, i.e. loose, 

average, or tightly fitting windows), and d) determine the 

air flow through the crack using one of the tables in 

reference 4. 

e The estimated crack lengths for the homes ar e give n 
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in Table 3.1. (The crack length for the sheathed home was 

approximately 30 % less than for the caulked home assuming 

that the sheathing board co'mpletely seals the siding cracks.) 

Crack width was estimated as that of a typical, average 

fit, metal frame window giving an expected flow of 

2.15 m
3

/h-m at 6.7 m/s (15 mph) wind speed. Using the 

values in ~able 3.1, the expected air flow into the homes 

3 3 . 
would be 314 m / h for the north home and 220 m / h for the 

south home . (with sheathing). Using 172 m3 for the 

volume of the homes (see section 4.4) infiltration 

would be '1: S ~ ·cph .for th~· rio.rth h'orile a,n~ . l.. .2,7 .cp.h ."f0_r "the 

south home. 

Infiltrat{on here wa~ based .on o~ly the pressure . . l 
. dif·f ~~~~·c~ -d~·e · to - ~,v-~Je ~· - .'Tne:c"t~ c k- ·tieth-o~-i ~er·s- ~- . / l . . · _ 

• I • 

combined forces on wind and stack only when they are of 
. . ' 

the same order of magnitude. If either wind or stack 

induced pressure difference is much larger than the 

other, infiltration is based on only the larger pressure 

difference. For the homes considered, at design conditions, 

6PW = 12 6PT' and thus wind induced pressure difference was 

used for the calculations. 

E.1.2 Expected Infiltration Based on the 

Air Change Method 

The air change method determines infiltration as 

follows : a) from Table 1 of r eference 4 determine the 

air c ha n g e rate for each r o om , b) estimate the volume 

of ~ach room , and c ) sun over all of the rooms . 

. · 
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The assumed air change rate and estimated volume 

for each room of the mobile homes are: kitchen, 2 cph, 

36.0 ~3 ; living room, 1.5 cph, 44.8 m3 ; central bedroom, 

7.1) 8 

3 3 
1 cph, 18.2 m ; hallway, 2 cph, 13.4 m ; bathroom, l cph, 

10. 4 m3
; and t:1e master bedroom, 2 cph, 3 0. 7 m3 . 

Sununing for all of the rooms gives 1.66 cph for the homes. 

This method does not take irito ac~ount different temper-

atures (again wind is expected to dominate), or the benefits 

of sheathing board added to the walls. 

E.2 A· semi-Emcirical Model ' 
. ' 

Both of the above methods give acceptable values· 

of ihf iltrati~h - for sizing a furnace or an ait conditioner,· 
. . 

. . . I . . . . . 
bu:L, har,dl¥.- r3 ct:r:- pt a~bLe=.fQr ' a · d~_t.aiJ.;.ed. h~at (or pQolin_gj ~..:,_ . . . . . . I . . . I ' • • . . . . . .. . . ~ . . 
load anaiysis. For such calculations a model must be 

d~veloped to predict infiltration for all ~alues of 

wind and temperature. But developing such a model 

theoretically can be extremely difficult due to . the large 

number of assumptions which must be made. 

Assumptions must be made concerning the flow character-

istics of the home, crack distribution, crack geometry, pres-

sure coefficients for wind impinging on the surface of the 

home, and the effects of the surroundings on wind. Once 

these assumptions are made the problem reduces to one of 

calculating the pressure differences and the resulting air 

flow. 



Using empirical data as the basis for making these 

assumptions a simplified, . semi-empirical model for 

infiltration can be developed. (In this case a model 

is developed .for the south, sheathed home.) 

The pressure on the surf ace of the home due to wind 

is the stJgnation pressure of · the wind. If P is the 
0 

average stagnation pressure and P is the average free 
a 

stream pressure, 

p 
0 

- p 
a 

- 1 - 2 p Cp (•72 

The · otessur~s P 1 P, and~ . iiriside .pressure) " · ' · · o ' , a. · .J.. . • . · • · 
a·re 
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El 

all functions of height. The dependance·of these ·pressures · 

on'height can be obtained assurnirig an adiabatit atrno~pher~, 

p· n ·s ·ta·n.:t._ 
. . 

;r_he - t=e i-¥-t ,ionshi?? ~hen . :_ . --. .. 
• , I •~ • • I • ·' • • 

' . ' I . ' . 

. 'h- I ,- e,o . 
.
__:___:__-.-r-..,!_· -ffUT.J W-fn:e- . l k 

. 0. . ·p 

p 

PH/2= 

k . 
k-1 g (h~H/2) k-1 

l - J;: RT ] 

where PH/
2 

and T are measured at H/2 (half the height of 

the home). Noting that k-1 g (h - H) << 1, Equation E2 
J< RT 2 

can be written (using the binomial expansion) as 

p p ~ 1 -· .-S'.. H 
II/2 RT (h-2) 

Integrating to find an average pressure gives P/PH/ 2 ~ 1. 

Thus P
812 

can be taken as P. 

or 

The outside, inside pressure difference is then: 

- gP H 
6P = P - P . ~ P - o (h - 7) 

o 1. o RT -
- P .... gP. . . 1. 

1. -
RT~ 

0 

..:_p :::: p - P . 
. H gP o gP i 

- (~ - ~ ) . ( Oil' - ~ ) . 
0 l ""' J... 1\. • 

0 l 

(h - !!) 
2 

. . 

E2 

E3 

E4 
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Substituting equation El for P
0 

gives 

1 2 6P ~ P - P. + - pCpW -
P P · 1 w2 

( h - _!i) [ 2. ( ~ - ~ + - pCp ) ] • 
a i 2 2 R T T. 2 T 

0 l 0 

Equation E6 can be rewritten as 

6P ~ (P - P.) [ 1 - _g__(h 
a l RT. 

.!i) 
2 

or .s ,imply 
~ . . 

6P ~ P 
a 

l 

l 2 g H + - pCpW [ l - -(h - -) 
2 RT 2 

0 

- H gP (T. - T ) (h - -
2

) a i o 
RT . T 

l 0 

. ' ' gp·· . 
- l 2 · a · · · ·H m . 

- pi+ 2 pCpW - RT.T (h - 2) ( ... i - To), . 
l 0 

ES 

E6 

E7 

, . . . . s i~ce R~ ( h . ~ ~) ·< ~ _l ~or ~1.1 values of T :.ir:der consider a ti on . . 
~-' -; -·--·----·· .---1_-L....:.__ ·- . l . . . . -. . . - . - --- . . . . 

. . · · · . £qu~tio·ri .E7. giy2s· b.l) .~S~·imate pf tr.h~ ·i;iresk=:u7r=e-·=---'---.- r--:--:·-~. ~.;.. 

difference ~rivirig the inf{ltration proces~. It assumes 

adiabatic relationships for the air and gives the 

pressure difference as a function of height. It does 

not account for the pressure difference due to the 

blower and leaks to the subf loorin~ (an effect which 

will be considered as additive) . With the pressure 

difference function known, the corresponding infiltration 

can be determined. 

The flew through a crack can be approximated as 

laminar flow between two flat plates. In the limit as 

these plates become infinite, entrance and exit effects 

can be neglected. Flow is then given by
67 



Q = 
Q, 

3 ' 
L_ 6P 

12µ6x 
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EB 

where ~ is the volume flow rate per unit length of crack, 

y is the crack width, tix is the length through the crack, 

µ is the kinematic viscosity, and 6P is the outside, 

inside pressure difference across the crack. The flow can 

then be determined by integrating equations EB and E7 over 

all of the cracks, and finding the value of P - P. ( =6P ) 
a i a 

such that mass is conserved (i.e. same mass of air entering 

and leaving home) . 

For the sake of simplicity the following substitutions 

Jii:t· be ·maP.e 

CT 
= Pag6T 

RT.T 
i 0 

CW = ; pCpw
2 

3 

and Y ( 
v . . - - ( ) 

- 12µ ilx ' 

- -- . . . ~re· 6'r = T -.i--L-~~-1In~de_r to . p~~~e:=~ it is neces$~r~ 
• • ; ~ ·' ., • ~ ~ j 

to .. assume so~e 1 
crack :distribution.- ·For· ex~mpl~ ;_ cons.fd_~ :c' - ' - , ·-·· 

the home ~shaving a Unif6rm crack d~str~bution over . the 

four walls(where F = d £/ Ldh~ L=horizontal length of wall), 

and two cracks along the floor-wall and ceiling~wall 

joints. The flow rate, Q from the floor to the neutral 

level h (where 6P = 0), is given by 
n 

r1 H 
Ql = LFYW Oi1 (~Pa + CW - ~T (h--)) dh 

2 

for each wall, or 
CT 

Ql = LFY~·lhn (6P a + CW - 2 (hn - E). E9 

And similarly, Q above the neutral level becomes, 

Q2 
c = LFY ( H - h ) ( 0.P + C - T h l 

W n a \J 2 n ElO 

f o r eac h wall. In the abo v e equations L is the length of 
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each wall of the home, and YW is as defined above usi~g 

the crack width of the wall. The neutral pressure level, 

is given by 6P = 0 = 6P H h n' + c - c (h - -) or a w T n 2 ' 

h 6P a + cw + ¥ I Ell = n 
CT 

when 0 < h < H. (If h is less than zt:!ro it is set 
n - n 

equal to zero, an<l i~ hn is greater than H it is set equal 

to H.) 

In addition to the uniform crack on the wall of the 

heme two cracks were assumed located around the perimeter 

of the home 1 one at the· floor-wQll joint, and one at the . . 
c~iling-~all ~oinf.· · ~o~ th~ ·c~ack. ~t ·t~e b~tto~ 

H 
Q3 = YPL (6Pa + CW + CT ~) . El2 

l . : _. _ .Fo:r f~~ _cr~ck _at _the top.. . . 
I . ~-- - . . H-- l-.:.'. 

e 

, .. -
. Q4 ;:::! .Yp~ . (b_p·a .+. CW '....; CT· 2) :.· ----; ..... ··-- - ... . . 

,..,...,...... ___ _ 
Note"that Q

1 
through Q

4 
must .be evaluated for eac~ wall since 

eacl1 wall has a different Cp value for wind. YP is as 

de~ined on the previous 9age using the perimeter crack 

width, y . p 

The signs of Q
1

, Q
2

, Q
3

, and Q
4 

depend on the sign of 

~T, whether they are above or below the neutral level, and 

whether or not the area faces the wind. By properly 

summing all of the Q's over all of the: w.:tlls, the value cf 

6Pa can be determine~ such that p
0

Q+ = piQ + Q = flow 

into the home, Q = flow out af the home). With this 

criteria met inf iltr~tion can be fou~d by considering the 

su~ of either the positive or negative terms by themselves. 

h·- L-· 
I 
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In order to 0bt~in a numerical value the following 

assumptions are made: 

Cp = .65 on the forward wall; Cp · ·= -.65 on the 

rear wall; Cp = -0.4 on the sicle walls; 

C? va1ues for the top and bottom perimeter cracks 

are half of the values of Cp on the walls; 

6~~ = . 05 m; 

'I'. = 297°C; 
.l. 

P and g are standard values; a 

213 

and the furnace blower causes a constant cxf iltration 

. 3 
cf . Q.0019. 11\./s .. ~ .. 

The values of y · and y (the crack wi~th for the wall w p . 

and perimeter cracks) a·re ·adju·sted ·in -an 'atte:npt to force 

'-7·· - · · -· t~he ~theet·e-~~l--~~a~'Cq.tt t=~~-~~mo~\~o·:- -~ , · - . · .. ·-- .. 
t • • ~. • • .. ' • ; • • • • : • • • • ,-;, -y.a..- - . . . ! ' • . ? • • • : • • 

• 

-

at b.T = 0°C, w· = · 10· m/s, . and .t;T = · so 0 c·, l>J :: o m/ s . 

C!nf ortunately the values of y could not be chosen so 

that the theoretical and empirical Model matched at the 

above two points. 

It < 1 6'I' = - I at 2 e 

values of v chosen 

With It = Ie at t.T ::-:- 0°C, H = 10 m/s, 

50°C, W = 0 m/s independent of the 

(It - theoretical infiltration, 

I - err.pirical infiltration). 
e 

This led to the f0llowing conjecture: suppose that the 

attic space is acting independently of the home in that the 

cracks at t'.'le top perimeter are communicating with t'.1e 

attic space rather than the home, and furthermore, leaks 

are possible t ~ ro ugh the c e iling from t~e living are~ to 
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the attic spac2 (see figure El). The nutsije, free stream, 

inside pressure difference in the attic space will be 

approximately 6P = 0. 035 ~ i·1
2 

and r 
. H .035~1J2 LiP = 6P - c - - E 14 c a T 2 

where 6P is the pressure difference across the ceilino. c J 

The ceiling is Qssumed to have the saue crack widtl1, y , 
p 

as the walL. F = i /A = 0.9 m/m 2 (the · same.value assianed c c ~ 

.to the walls-) . Usi~g Equations E9, ElO, Ell, and El4 

and EB, infiltratiort was agai~ calculated by letting the 

valCle of P f loc.t so that mass a 
flow in equals mass flow 

out.. Tllen ··by . adj u.'sting y . and ·y the -t~eoretical m0del. 
w p 

is n'ade equal to the er:lpirical model at the po.lnts inai-

y valriei become: v = o.ooi ~; an~ 
. I . -p . 

~-·-.---; Y •. 
1
·.= a.a~OJ · ·m. -Values ~f · ifni~ .lt;r.Citi~J;~i ot. t ht; · ~rn~ir l~~~ : : }_c 

'1 • • I 

cated'previcusly. The 

m\x1el are shown in T'able El., and valu.es of the theoretic2l 

model .:u~e sLown in Table E2. Surface plots of iniiltr~tion 

?.re sho·,m in f iqu::E E2 for ·t~-.:e eu?irical model and figure 

E3 for the theoretical model. The computer program used 

to calculate infiltr~tion is shown in Table E3. Values 

of ~P are tvnLic:a.11•; bet~.,·een -0.01 and 4.0 Pa. a ~ - See Table E4. 

Overlapping figures E2 and E3 show suprising agree-

ment between them. It must be noted that two coefficients 

were varied to relate the prediction to the data. P.owever, 

the theoretical (seni-empirical) model does justify the 

form of Equation 4.13 (and the corresponding Equations 

4.26 through 4.29). 
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Figura El ~y~ical air ~low patt8rn 
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Table El: Infiltration at various ~T and W for the empirical 
model 

~T I ·'\. -30. O -20.0 -10.0 0 10.0 20.0 :o.o ~.Q, 0 
0 .219 .lSl .100 o~·' .104 .180 .261 ":I~~ . ...;._,. ...... f U 

1. 0 .228 .170 .109 .044 .114 .180 .272 .358 
2.0 .255 .lS8 .133 .073 .!45 .222 .304 ':"C'.., 

e...J...J..J 

2.0 .233 .244 .185 .122 .lSS .27"i ":" c: =i .~::o '---w 
4.0 .-.,...:i .309 ~-;:i .181 .2S7 .348 

,_,... 
.530 • ..:iu- .c:=- ,'-,..:.o 

s.o . '-~42 .3~2 .337 .280 .359 .4~3 .524 .522 
G.O • 5l~Q .493 .4~2 .338 .471 .558 .554 .757 
7.0 .557 .613 .566 .516 .603 .6SS .7SG .sos 
s.o .73! . 7"51 .708 .G63 .755 .s=4 .SS! !. 075 
9.0 . 8!~2 .SO? .870 .830 .s=s 1.033 1. l C,6 l.2G8 

10.0 !.112 1. 082 l. 051 1. 017 1.122 1.234 1.354 1. <'',134 
1!.0 1. 300 1.276 1.251 1.224 , ':'"71-

•• ...; ... J:::J 1. ~-'.::5 l. ::E'-~ 1.7"23 
12.0 l.505 !.458 1.sG3 !.450 1.5S3 l.SS3 i.t::s 1.5S4 

Units~ \1-f."L/ s I :'.:IT-.°C, I-cph(u.ir cb.ar.ges pm: hem:) 

Table E2: Infiltration at various OT and ~ for the 
tll2oret.:..cal model 

i~.r . -20: O' ·-2a.o -!O.O ~ ··o 10.0 2.0.0 . 30 .. 0 40.0 
. , ;J':' .073 .040 .O?S .145 ~225 .. 3!7 0 .16.'.', • --...J 

1. 0 .!G4 .. !23 .077 .04! .07S .!45 .225 
...,,_ 

• ..;i_ ( 

2 . 0 .1S3 .125 . os:3 .,0(0 . . 030 .143 .227 .318 
3 . 0 .. 181 .lG9 .1 1~5 .113 • .!27 .172 .233 .324 
·~ . ll .aso . 2:J: . 2·10 .:37. .201 .246 .302 .374 

. 5.-J. : :.~~}-+ . ·}rn .. 2S4 · .• ~73 ~o ... . . .. . 3~0 . . • 412 . . 434 · .c"""o 
~ .-!.- .-~~.o . ..:. ~ { ·--::r · .-4!2- : ~.--zt1'6 r---r-,-·~-.-· -. e::ff · .~.:.. . 

7.0 .5:1 .. 525 i:: ·10 .• 5 ! 0 . .549 . .628 : . : 715 . · . 817. • • .....,~w 

8.0 .2S~ .S59 G""" .'GS7 .?03 .'789 . . S04 1.024 . -'-' 

8.0 . so'~ .811 nr-
• G- ( .823. .337 .S95 1.118 1.250 

lG.O C'""'"" • ... c..::i .S30 · .S24 1. 009 1.083 1. 214 !..358 !.523 
l !. 0 1.>;5 !.lS7 1. ~s~ .L2!4 1.310 1.4=s 1.S23 !. 814 
~2.0 ~ . 2<:0 1.3?2 1. '~05 1. ~~:9 1.533 1.722 1.~13 2.132 

Units: ~7-n/s, tiT- C, I- cph(u.ir changes pe.::- hour) 

so.a 
.<42 
.45'.\ 
.4:?0 
.5<\9 
.53! 
.728 
.EG8 

1.022 
1. 1S3 
1. 400 
1.624 
1.873 
2.145 

. . 50.'0 
· . .::..22 
.'-l22 
.424 
.430· 
•. ~;59 

· .. 57~ 
.138' 

a...,-
•'-'~::J 

1.1G3 · 
l,'1r23 
1. 712 
2.033 .... ~,....,, c . ..;.u-,. 

-· 
t 
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Table E3: Computer program of theoretical model. 

UNIVERSITY OF MINNESOTA FORTRAN COMP!LER,.CVERSION 5.3 - 10/27/78) ON PURDUE DU 

t-:N:=- . 

PROGRAM MODELCINPUT,OUTPUT1PLOT) 
REAL LC4),MO,MI,INC121,9),IWC12ll 

l. 
2. 
3 . 

OOOOOOB 
003075B 
003075B DIMENSION CPC4l,DTC9loCPBC4), ZC350,4l 

c 
C INITIALIZE THE NECESSARY PARAMETERS FOR : 
C THE CALCULATION OF INFILTRATION 
c 

4. 0030753 
003075'3 
0030753 
01020G3 
0102!0B 
01021 !B 
0102!3B 
0102!4D 
010216:::: 

DATA CP,L/,6S,-,4,-,55,-,4,20.1,4,3,20.1,4,3/ 
5. 
s. 
7. 
8. 
8. 

10. 
11. 
12. 

. 1·3. · 
. 14. 

15. 
lS. 

Q!Q217Il . 
010221B ·. 
010222B 
0102223 

c 
. c 
c 

DATA CPB /,35,-.2,-,35,-,2/ 
AC=. 0003i:·i-,3 
F=.9 
D)(=. 050 

AP=.0010**3 
H=2.45 

TI=237. 
R=287. 
·G=9.. 8 

'PA=!Oi:::!oo .} . 
f'II= 1. 458E-S,~SQRTC TI)/( 1. +110~ 4/TI) 

RHI=PA/(R*Tl) 
. . 

SET THOSE PARAMETERS USED BY SUB. HIDE · 

17. 0102343 NG=-! .:_ . ~ ....... · t' . . · .. 
. 18.· . 0102:::An > : 11exm~1~· ·· · - F -
' .! 9. . 0Tb2~SJ· . 1'11 _=· !C?-l . . ... 

0102373 ' NFMS = 9 20. 
21. 
22. 
23~ 

24. 
25. 
25. 
27. 
28. 
29. 
30. 

31. 
32. 
33. 
34. 
35. 
:G. 
37. 

010240B CALL PLOTS 
0!0242D CALL PLOTC1.,2.;-l) 
Ql0245il C~LL FACTORC.75) 

010247:!3 
010250:!3 
0102523 
010254B 
0102S4Z 
0102S6B 
0102723 

c 
C S~T TEMPERATURE DIFFERENCE 
c 
C CALCULATE PARAMETERS WHICH DEPEND ON 
C OUTSID~ TEMPERATURE 
c 

c 

DO 1000 IT=l,9 
DTCIT)=-40.+10.*IT 

TO=TI-DTC !TJ 
MO=l.458E-6*SORTCT0)/(l.+110.4/T0) 
RHO=PA/ C R;:-TO) 
CT=-RHO•GuDTCITl/TI 

DP = 0.00 

C SET WIND SPEE~ 
c 

Ol0273D 
0102753 
0!0277B 
01o:orn 
010302.3 190 
01030GD 
0!030SD 

DO S89 JW=l,!2! 
IWCJW) = JW/10. - .1 
W=RHOaIWCJW)oIWCJWl/2, 
J=O 
J=J+l 
01=0. 
02=0. 

c 
C CALCULATE FLCW THROUGH WALL 
c 

. ·- h . 
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t 
Table E3, cont. 

"0 ..:.u. Ol0307B 
38. 010312!3 
40. 01031",B 
41. 010322:3 
42. 0103253 
43. 010327:3 
44. 01034lB 

45. 010360B 
46 . 0102G2B 
47. 010370!3 
48. 0103?73 

49. 010405i3 
so. Ol041GB 
SL 010423D 
52., u rcr4:;:;o:s 

t. ' . 
-- - ~ _-__ : - -- -:·- - ,---c:3 ·- ! --hf'l"r.1'32Il 

' I • " ;- ..... S . l.J_u,,,_ 

t 

: . . ' 54; 01043",B 
55. Ol0440B 
SS. 0!0443B 
57. 010444B 
sa. o 1 o<t~isB 
59. 010452B 
so. 010454!3 
61. 010457!3 

82. 0104813 
63. 0104S4D 
G4. 0104SSB 
GS. 0104708 

C 65) - CSU TI Oi'I 
CG5) - c;;unor-1 
ES. 
67. 
63. 
69. 
?O. 
71. 

72. -.., 
( . .:,, . 
74. 

010475B 
01047713 
010500B 
010501D 
010503E 
010504I3 

OlOSOSB 
010507Il 
010515i3 

200 
c 
c 
c 
270 

210 
c 
c 
c 

!FCAESCDTCITl).LT •• 0001) GO. TO 500 
DO 200 I=1o4 
HD= CDP+CP ( I) *W) / (-en + H/2'~ 
IF CHO.GE.Hl HO=H 
IFCHO.LE.O)HO=O. 
Ql=FoL(I)oAC~HO•CDP+CPCI)*W+CT/2,*CHO-Hll+Ol 
02=F*LCI)*AC*CH-HDl*CDP+CPCil*W+CT/2.*HO)+Q2 

CALCULATE FLOW THROUGH BOTTOM CRACK 

DD 210 !=114 
02=LC!)*CD?+C?BCil*W-CT*H/2,l*AP 
IFCOln03.GT.0.) 01=01+03 
IFCG2n03.GT.0.) C2=02+03 

CALCULATE FLOW THROUGH CEILING 

04= 20; 1·~-4.3·:fFi:·AP* CDP+CT*H/2, -. 035*1·D . 
IFco1~04.GT.0.)01=Q1+04 

. IF CQ2i,G4. G.T. 0.) 1J2:::Q2+04 . 
·IFrnr. LE.,O .,) GO TO Fso . • . . . .c . . . . 

C CHANG~ FLOW TO CORRECT DIMENSIONS 
C NEGETIUE FLOW IS OUT, POSITIUE IS IN c . . 
t .0018 M3/S IS ADDED TO FtOW OUT TO ~CCOUNT FOR THS 
C FURNACE ELOW;::R . . . 1 C, , , . . . . • I \ • 

· . Gl1:::01/. cl 2. ~m<i:·f'lO) · 
02.=02/C 12. nm<·:CMn-.·0019 
ER~=RHO~o1+RHino2 
0=-02 
GO TO ·300· . 

280 Ol=Ol/(12.*DX*MI)-.0019 

c 

02=02/( 12. ''D:<*MO) 
ERR=RHioOl+RH0*02 
0=-01 

C USE THE CORRECTOR.PREDICTOR METHOD-TO CALCULATE 
C THE NEW UALUE OF DP 
c 
300 IFCABSCERR) .LT •• 00001) GO TO 330 

!FCJ.EO.ll GO TO 310 
IF CJ.GT.10) GO TO 700 
DPN=D?-ERR*CDP-DPO)/CERR-ERROl 

--------------------------------------( 
GO TO 320 

310 DPN=DP+.001 
220 DPO=DP 

DP=GPN 
ER~O=ERR 
GO TO lSO 

c 
C SPECIAL EQUATION FOR FINDING FLOW THROUGH 
C THE WALL WHEN DT=O 
c 
500 DO 510 I=l,4 

O=LCIJnACnFnH 5(DP+CPCI)*W) 
!FCO.GT.O.lO!=Ol+O 



Table E3,· cont. 

75. 010522B 
76. 0!052Gil 
77. 010530B 

78. 010531B 
79. 01053SI3 

IFCQ.LT.0.)02=02+Q 
510 CONTINUE 

GO TO 270 
c 
C CHANGE FROM 0 TO I AND STOR~ 
c 
330 INCJW,!Tl=0/172.•3500 

S99 commu::: 
c 
C PLOT THE RESULTS IN TWO DIMENSIONS. 
c 

221 

80. 010541B CALL HIDECIW,INC1,IT),ZC1,l),ZC1,2l,ZC1,3l,zC1,4l,NG, 
+ MA><D Ii'!, N 1, NFNS, 6HNOT'TLE , 6. , S. , 0., 2. , 0. , !. ) 

81. 0!0571B 1000 CONTINUE 
82. 010573B CALL PLOTC0 •• 0.,999) 

c 
C PRINT THE RESULTS 
c 

83. 010576B PRINT 4GO, .DT . 
. '34 • . · Q 1 OGO~,B. ~,90 . ·FO[it1ATC lH!. 5!~, 9F8 ,·!) • 

'85. 01060~~]3 ' I:D 405 I=~• 121; 10 . . . 
86. 010605!3 405• PRHlT 410.rncn.cINCI.J),J=l.S) 
87. 010G23ll 410 FORMATC1X,F5.1,8F8~3) 
88. 010G2S3 STD~ 
£3 , O!OG3ll3. 70.0 PRHiT701 · 
90 . 010635Il 701 F.OR~IATC31H YOU . ARE ·IN AN ENDLESS LOOP. 

-:-r-~. -. ;~ . _:__ . ·-~. . 9 1. . 0106~?3 . . _ .
1 

~TOP L 
. . . ~..:.?D . . c;tl~ . . . . . 

.) 

~ > 
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Table E4: 6P predicted by theoretical model 

a 

°i\6T 
i; -30.0 -20.0 -10.0 0 10.0 20.0 30.0 

0 -.01 .C2 .03 .lS .25 "'.''.:) . ._:_ .3G 
1. 0 .01 • 04 .10 .13 .23 .35 .39 
2.0 .07 .lO .2G .25 .34 .41 .0::6 
3.0 .19 ~-:,, • c.~ .28 .35 .44 .52 .57 
4.0 .37 .::i .44 .so .53 .G4 .69 
s.o .GO .G! .G'~ .69 .75 .so .82 
6.0 .83 C"'"" 

•'-'U .so .83 .97 .S8 . s;..~ 
7.0 1.22 1.20 1.19 1.21 1.2~ 1.22 1.18 
s.o 1.GO 1 ~,.... 

- ...... ...:> 1.54 1.53 1.5: 1. <',8 1. -40 
8.0 2.04 1.S3 1.93 1.83 1.85 1. 77 LEG 

10.0 2.53 2. 44 2.:s 2.2J 2.2~ 2.10 1.84 
11. 0 3.07 2.S3 2.84 2.74 2.S3 2.47 2.25 
!2.0 3.GG 3.51 3.37 3.23 3.(;8 2.8? 2.EO 

6P is in Pa a 

I 
. l • • • ~ . 1--· ·~··-.. _, . ;--.· ·-· .- ! - · " •. ·-· ; • • . ~-· . - .' - ·· ·-

. .. . . . 
. 1 --

' .. 

t 
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40.0 50.0 
.37 .33 
.39 ~-

-~~ 
4~ • 0 .43 

.58 ~-• -:i 

.71 .69 

.83 .co 
c~ ·-"' -- .S8 

1. 11 1. 00 
1.29 1.12 
1. <l9 1.2G 
1. 72 1. <',2 
1. 97 1.58 
2.E4 1. 73 

__ i..:....-- .. . - . • ,. ~ 

. r 


