
AaCording to  one .study in the U S.,' lnf l l tratlon of outdoor air accounted tne specified minimum IT, Section 5 of 
fbr 55% of the total heating load and for 42% of  the total cool!ng load. An- ASHRAE Ventilation Standard 62-73, i f  
other sLirvBy2 showed that 75% of fuel oi l  consumed In New York City tbe  air quali!y is maintained This c a l  
schools was devoted to heating ventllaied a!r. Because building cond i l~on-  r e s ~ l t  in substantial sagings 
ing accounts for nearly 20% of all the energy consumed ~n the U.S.,? op- 
tlmized admission of  outdoor air can make a malor contribution to reducing F4ETH8DCIbOGY 
3ur natfonal energy budget. The purpose of this paper is to describe the There IS a d~rect  relationshi:, between 
Naflable control techniques for optimizing the adm~ss ion of outdoor air. savings 1 1  bu i i d i~g  operating costs and 

I recuction in outdoor air a a n  ttcd into 
&LA G. L I P T ~ K  c-iteria tbe building The following steps can 

s 0 1 to 0 25 cfm/ft2 of flaor area, be exploited to accomolish such sav- 

iD 
10% to 25% of total ahr scrpp\y Ings 

URlNG periods when free cooling rates, O ~ ~ t d o o r  air damper shouid be 
is not available, outdoor air IS ad- About 5 cfm volumetric rate completeiy closed at all times e ~ c e ~ t  

r i i t ted for ventilation and press~r lza- per person when the builaing is occupied if, for 
t on purposes in order to These criteria have all originated exarrple, the HVAC system is oper- 

@ Make up the oxygen that was at a time wben energy corlservation ated from 7 am :o 6 pm but the build- 
consumed by the occupants, was no serlous c o ~ s f c i e r ~ t i o n  and ing +s  occur ed only from 8 30 am lo  5 

Minimize contamination and dl- thereiore their a rrl was to provide ?m the damper should be fuliy ciosed 
lute odors, simple, easily enforceable, rules which from 5 prn to 8 30 am Tnis alone VJIII 

@ Minimize infiltration by main- will guarantee that the oi~tdoor alr in- reduce the daily quantity of n ln imum 
taining a pos~tive build~ng pressure take always exceeds the required rnini- outdoor air which needs to be condi- 

ir conventional installations, the murr Today the goal is just the op po- tioned by 25% 
amount of outdoor air admitted is site It is to make sdie !:at the mini- Dampers mdst give tight shut- 
usually based on one of the following mum requiremen: IS not exceeded of f  This is an important hardware 

ASHRAE has recogwed  tnis4 by selection and nalnienance c r i i e r i o~  
G L !~ ( .&  wit,, Be,a G L,p/ak Assocla(es permii!ing minimum ventilatim alr In testing a ~u i i d i qg  in Rochcs'er, \din- 

S'amford CT quantiiies to be reduced to one thirdof i-iesota, the a ~ t h o r  has measured as 
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~ d c q  as 16% air flow, t h r o ~ g n  "clos- 
ec; ocltdoor air dampers 

If fans are cycled artd the 
cavpers are closed when the fans are 
aff tne resblt~ng savings will be In 
?jiect Droporlion to the ratio between 
on ' and "off ' per~ods 

During occupied perlods, op- 
r rnrration 1s achleved by measuflng 
1-2 mii7imur-n a l i  flow and controlling ~t 
3: ihe desired 'evel i t  is very impoildnt 
i3 measure the mlnimum air rlow The 
cocgent~onal s c h e ~ e  of opening a 
c;i.i-niirn air damper and assum~ng 
:-s! ine resulli'lg alr flow IS  Wnat ii 
slciiid oe, 1s unacceptable In testing a 
Sti;d\ng In Armonk, New York, the 
r?~i90r has measured actual mlnimum 
auldoor air flows of 46% instead of the 
'assiimed ' 10°/0 

The mrnimurn outdoor air can 
oe directly measured by an airflow 
r s l i ~ o r i n g  traverse section as 1 1 -  
'usiratecl IP Fig 1 

i f  the purpose of the measure- 
r e i !  is only to determine the percen- 
.-0 rdbe ratio of outdoor alr In the total 
?\he6 arr, thls can be do?e through 
-cTperature measurements only, as il- 
,~s;rated in Fig 2, because 

' 6  Outdoor Air = (Tr - Tm)l(Tr -To) 

3 1 s  approach IS limited not only 
necause it cannot y ~ e l d  absolute flow 
rbornation, but also because it 
zecomes inaccurate when the detect- 
ed te~nperatures are near to each 
cindr 

In variable volume airhandling 
s,srems,"t IS important to realize that 

"" c >erne damper opening w ~ l l  result in 
: ' srent ;lows at different times This 
cs because flow is a function of not on- 
y ihe area of the opening, but also of 
tne pressure drop across rt In VAV 
s,s'ems, the damper AP cap vary by 
S e v E - a l  fold as a functlon of total air 
~,raulation rate For this reason, in the 
- - ro  - - recently des~gned VAV systems, 
' -a use of two separate outdoor air 
=;7gers (m in~nu ln  and r n & x ~ ~ u m ) ,  
-6s Seer) replaced by tne use of a 
s r; e danper, provided wlth a pneu- 
-5 '  caUy set minlmum !imit This is 
::; 'db'2 not ocly becadse it Flakes 
::: T za:ion easier, but also bscalise 
: -2  cosr savlngs resulting from the 
5 qation of the extra damper, can 
c;_4 for the add~tlon of the $10~4 
-rs-;-nlirer shobn in Fig 1 

C 6 ,  BASED OPTIMIZATION 
4SliFIAE has recognized4 that the pur- - ..- --:e ~f ventilation is not to meet some 
2.2,:'5i)/ criteria, but to mair lain a cei- 
.,. - 
.Z air g l~a l~ iy  in the cond~tionea 
213CE. Smoke, cdors, and c!hei air 
-+.-.2q. - -  . - . % . i ~ a n t  parameters can a!l be 
-, --, rc ,2 f  - . d . ~ 3  i 3  the C 0 2  content ot rbe 
-?:,:I air." This then becomes a very 
~ c < : ~ i i ~ l  tool of optimization, becadse .- . .= amount of ouidoor air reqi~ired for 

C, = Outdoor CO, i r i  NYC = 0 05% 
1 ,  = Eiaoseo time = 50 rnlnutcs 
C, - Lower CO. g a p  11m1t = 0 07% 
C, ; Upper CO, gap l i rn~t = 0 11 % 

Fiy 3 COr, oased oa oplim ralioi'i 
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ventilation purposes can be determin- 
ed on the basis of CO, measurement,' 
while the time of admitting this air can O u t ~ u t  Sianal 
be so selected that !he air addiiion will 
also be energy efficient. LViib this 
technique,"he health a ~ a  energy con- 

., 
6 

siderations will no longer be in conflict, 9 
but will complement each other. 12 

CO, based ventiiation controls i 5 
can easily be integrated with the 
economizer cycle and can be im- 

--- (Siu) 
Ou!door air is 20 B tu ' s  below iadoor 
Cu!door air is 10 Btu's below indoor 
Ourdoor air has the s a n e  Bli! as indoor 
0u:Goor air is 10 Btu's above indoor 
Ccidoor air is 20 8:i.i'~ abave indoor 

. - plemented by use of conventional or 
computer ized coctro l  systems Tab!e 2 
Because the rate of CO, genera:ion by Pressure Swltch Actgales 07 Set t~ igs  in Settings in E iu  
a sedentary adult is 0 75 cfh, controi Number W'esssurc Psxg D l f f e r e n K  

by CO, concentration wlll automatlcal- 9 Rlse 15 0 - 20 
ly reflect the level of b u ~ l d ~ n g  occupan- 10 Rlse 12 0 + 10 
cy Energy savlngs of 40% have been 11 FI se 13 5 7- 5 
reportedlo by converting convertional 12 E,se 9 5 i -1  

ventilation systems to intermittent CO, 13 Die? 8 5 - 1 
14 Crop 7 5 - 5 

based operation Fig 3 illustrates 15 D-OC 6 0 -10 
some actual readings1° that viere 16 P o p  3 0 - 20 
collected during testing of New York 
City schools 
CONVENTIONAL lNSTRUMENTS 
CO, based optimization of building outdoor air damper i and IS mixed with system minimizes energy cost while 
ventllatlon can be implemented with return air drawn t h i o u ~ h  return air rrarntairling air quality in the follow,ng 
computerss or with conventional con- damper 2 Carbon diox~de analyzer 8 manner 
trols Descr~bed below IS a slmple and continuously measures the alr quality Wet bulb temperature detectors 3 
inexpensive lmpiementation of this while the Btu d~fference calculator 7 and Teasure tne wet 
powerful OptlmlZatlOn technique continuously detects the enthalpy dlf- bulo temperatures of outdoor and 

Fig. 4 shows part of a typical air ference between the Indoor and out- r,t,in These are preumatlc 
condrtlonlng system whereln outdoor door alr, which IS a direct indication of with 3-,5 pslg air is drawn Into the bullding through the energy cost of cond~tioning The 

The outputs from the wet bulb 
temperature transmitters are rece~ved 

I S i l ~ p e  of C h a r ~ c t ~ ~ ~ i r j d  C:ni Required l o  Cnrvert  by the characterized cam relays 5 and 
A h c i  B ~ i i b T e r n p e r a l ~ r r  Fie?dinq I r l o P n  Enknalpy 

I ( D ~ U  ib' Ouipu t  S~gnai  
6 These are pneumatic devices h ~ t h  

" Correspond~ng Enthaipy cams that are cut to reproduce the 
k Of the Air(BluIlb1 a curve In Fig 5 Thereby the output s ~ g -  
r' nals from the characterized can1 re- 

lays 5 and 6 are linearly related to the 
I* enthaipy of the air, having the unlts of 
! Stullb 
5 The dual subtracllng relay 7 

serves to determine the dirference be- 
I 
I 

tweev the two enthalpy s~gnals This IS 
also a pneumatic device which has a 

! full output range of 3 t3 15 pslg T1:e 

i linear relationship between ;he en- 
:i thalpy values and the output signal ap- 

pears ~n Tabic 1 
The output signal is sirrultane- 

odsly reculved by e ~ g h i  pressure 
swltches (9, 10, 11, 12, 13, 14, 15, 16) 
Each of ihese switches bas a different 
setting, correspor~d~ng l o  a dfffcrent 
B ~ L J  drfferenl~al Triese values are 
I~s ted in Table 2 

4 

k Therefore, the most energy 
demanding corldiiion in tbe summer IS 

1; 
indicated when pressure switch 9 is 
zctudied, because In that case at least li 20 5tu s will need to be removed from 

1; , each pound of outdoor air as it is ad- 
, \'--' mittrd Similarly, tlle highest energy 

cost in the wifiier will occur when 
i1 O 20 30 

(IT h r  ( O F ,  pressure swltch 16 is actuated, 
1 
Ir/g 5 S t i d p ~  of c t la rac /er~ i i>d  czr7i r ~ q ~ ~ l <  d ;3 c r t 3 v e r /  ;i we' i;i,/o :clrl&e,LJ',/-a rejr irqo 

because i t  will requlre the addition of 

Into sr  enrh,ilpy (Bti,looiir~di o.li[Vif ilg,r31 at least 20 Utu's for each pound of aa- 
i miited air 

ASHRAE JOURNAL July 1979 



Corsequentiy, the cost of condr- . L. -" i l  ,.- iy o~ :door  air 1s indicated by the 
-,pnoe: of pressure switches tPdt are 
ac-dated, :h!s can be used as part of 
' ?e  iozic input 21, which is described 

I-ofe de ta~ l  in Fig 6 When a 
2-;ssdr-e switch is actuated, rts cori- 
;a:! W1 is closea and ~ t s  contact H2 1s 
ccened 

T i e  output s ~ g n a l   fro^ the carbon 
c cxide analyzer 8 is also received by 
loee;sbre sbvitches (1 7, 18, 19, 20) The 
5e:tings of these pressure switches 
a-$ so selected as to correspond to 
f ' e d e i e r ~ ~ n e d  and acceptable levels 
I* 21. ouality In other words, even the 
ss:!ilg o f  pressure switch 20 is still 
ss:ow the maxlmum allowable CO, .. 
J:o?ceniratlon that corresponds to ac- 
ZcotaDle air qdality The actual set- 
' n, - " . j b  =re  show^ In Table 3 

Therefore, the qbality of the arr In- 
s d 2  the building is rndicated by the 
- - ~ S e r  of pressure s w ~ t c h e s  that are 
a:!da4ed (set t i lg  exceeded) Wberi a 
aressire suttci- IS actuated i ts contact 
F; IS closed and corltact #2 is opened 
Tqts r i fo rmat i~n  *s  used as part of the 
i;ic rriput 21, w h ~ c h  IS shown in p o r e  
.??'a,l in =ig 6 

Depending on the air quality 
IS,? :ches 17 to 20) an0 on the cost of 
:2-diy80-ing the odtdoor air (switches 
5 +a Is), lt is decrded i f  outdoor arr 
2svper 1 should b e  opened or closed 
':$-enever the logic output 22 1s elec- 

T a ~ l e  3 
Pressure Switch Actuates on Settings in Units, of 

Number CO Concentration " - . - _ I - _ - - - - -  - _ _ _ _  2 
17 Rise Very Low 
f 8 Rise Low 
19 Rise Medium 
20 Rise Hlgh 

Tab le  4 
Path No System State Causing Damper to Open ------ ------- -. - - - - - - - -- 
#1 H ~ g h  CO, concentrat~on 
#2 Free cooling ava~lable 
#3 M ~ d ~ u r n  CO, concentration when condi t~on~r ig  

cost s not high 
#4 Low CO, concentratron when c o n d ~ t ~ o n ~ n g  

cost is minimal 

trically energized (closed) the operator 
of the outside air damper 23 will open 
the damper. Whenever this circuit is 
deenergized (open) the outdoor air 
damper is closed. 

Fig. 5 shows the relationship be- 
tween the wet bulb temperature and 
the enthaipy content of air. This is the 
relationship which the characterized 
c a n s  of t:ne relays 5 atid 6 in  Fig. 4 will 
reproduce so as !o obtain a 3-15 psi9 
linear output signal corresponding to 
an  enThalpy range of 0-60 Btulib. 

Fig. 6 shows the actual logic re- 
lating the various levels of air quality at 
the optimized decision concerning the 
cperiing or closing of the outdoor air 
damper. As shown, sumrner/winter se- 
lector switch 24 act ivatss the applic- 
able half of :he logic network. If it is a 
"summer" period. there are four com- 
binations o i  conditions which will 
cause the energizing of damper actua- 
tor 23. These are identif ied as path #1 
to #4. The conditions corresponding to 
each of the paths are listed in Table 4. 
The logic of initiating the opening of 
the outdoor air damper 1 is s~mi la r  for 
a winter ccndi t~on.  

I t  should be understood that Fig. 
6 is a simolif ied l r~g ic  diagram identify- 
ing only tnose conditions which w ~ l l  in- 
itiate the opening o f  the damper. In  ad- 
di:ion to !hese funct ions, a detailed 
logic diagram wi!! aiso inc!ude latching 
and timing !unctions. An example of 
the larching function can be: that, if 
pressure switch 20 is actuated, in- 
dicating tha! the CO, ccncen!raticn is 
b,igh, path $1 in F i ~ u r e  6 v i l l  n5t be 
broken (damper deenergized) until the 
CO, ccncentratlon is lo;/~ered ail the 
way down to the setting of switch gig. 

An example o i  the timing functior: 
is that if pressure switch 20 is ac- 
tuztec, path iil v!llI be ke?: energized 
i c r  a set t ime period, ragardiess if the 
CO, concenrra!io!: has dropped beo.i./ 
:b,e szttinc of Svi!!C5 20 in the 
neanwni ie .  Addition of t i rn~ng and 

latching functions will define the limits 
within which certain conditions are 
maintained without cycling. The pres- 
sure switch contacts that are not 
presently shown in  Fig. 6 are provided 
to give flexibility in determining the 
limits of each of the bands. These re- 
quirements are a function of the type 
of building served and therefore! are 
not detailed in  Fig. 6. 
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