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WINTER INFILTRATION THROUGH SWINGIN G-DOOR 
ENTRANCES IN MULTI-STORY BUILDIN GS 

By T. C. i\lJ~*, AUB URN , A LA. 

T his paper is the result of research carried out by the AMERICAN 
SOCIETY OF HEATING AND AIR-CONDITIONING ENGINEERS at its Re­
search Laboratory located at 72.18 Euclid Avenue, Clevland 3, Ohio. 

A IR INFILTRATION through entrances has been recognized as an important 
considera tion in estimat ing hea tin g and air-conditioning loads, especially for 

tall commercial buildings, in which chimney effects are large and heavy traffi c pre­
vails. Data present ly available on infiltration l •4 a re limited, and the effects of 
vestibu les, fresh air and exhaust fans, traffic rate, and human obstruction have not 
been full y evaluated. At the ASHAE Research Labora tory, work on entrance 
infiltration has been in progress since January 1956, under the guidance of the 
Technical Advisory Committee on Heating and Air-Conditioning Loaos**. T he 
purpose of the investigation is to provide basic information on a ir infi ltration 
through entrances of commercial-type multi-story b uildin gs. In thi s paper, the 
infiltration through va rious types of s\\'inging-door entrances under winter heating 
conditions is reported. Infiltration through swinging-door en trances under sum­
mer cooling conditions is being studied, and a project on infil tration through 
revolving-door entrances IS being planned. 

METHOD OF ApPROACH 

Entrance infiltration is caused by a pressure oifferential across the entrance, 
resulting from chimney effect, supply a nd /or exhaust fan operation, and wind 
pressure. For a given pressure differential, the volume of infIltration air passing 

* Former Research Engineer. ASHAE Research Laboratory. Cleveland. and now Associat e Professor. 
Mec hanical E ngi neering Department. Alabama Polytechnic Institute. Member of ASHAE. 
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** Personnel : H. T . Gilkeyt. chairman; P. H . Yeomanst. !l ice chairman; P. R . Achenbach ; R . T. Baum ; 

C. W . Coblentzt; Paul Gayman; R. A. Gonzalez; W. S. Harrist; J. N. Livermore; C. O. M ac key; G. R . 
M unger ; 1. A. Naman; T. F . Rockwell; A. M. Simpsont; J . P. Stewart; D . B. Turkingtont; A . G . Wilsont; 
W. R . Yeary. (tlndicates a member of Subcommittee on Infiltration). 
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"ide-swinging door. Two identical panels werc made of each arrangement, so 
that each could be tested as a single bank or vestibule type of entrance. In each 
entrance model, not only the doors, but the jambs, thresholds, and other details 
were constructed to scale. 

All tests were made under steady conditions with doors set at various angular 
pOsItions. For each combination of door positions, air flow was determined for at 
least,) pressure dilTcrentials across the model entrance. \Vet- and dry-bulb tem­
peratures were measured by thermometers located in the metering duct. 

') --

FI<;, 2-E<..n'IP~IE!,;T ("SED IN FIELD TESTS OF BUILDING 

E!,;TRA!,;CES 

Phllse 3: Studie~ on the correlation of dour position and traffic rate were con­
ducted in 7 buildin~s in the downtown area of Cleveland during t\o\'ember and 
December 1956, and January 1957, One of the entrances studied had power­
uperated doors. one set of which ,m'ung in, and the other set of which swung out. 
The other 6 builclinKs had manually operated doors which swung out. 

Indicators. shown in Fig. 2 with other field test equipment, were built to show 
the position of the l'ntrance doors to be studied, Fig. 3 shows the indicators for 
both the inner and outer hanks (If \"('stibule doors, mounted over the inner doors. 
Indicators \\ere cOIll1('cted to the doors by a system of cords and pulleys, and were 
calibrated in place before the start of a test. 

,-\ 16 mm nlO\'ie camera operating at a speed of 8 frames per second was used to 
take pictures silllilar to Fig, 3. showing the indicators and the people passing through 
the door~, At this operating speed, the 400-ft films used would last for 30 min 
continuous operation. The ClIllIl'ra was actually opl'ratecl interlllittt'ntly for 
pt'riod~ of -l or .'i min each, at various times throughout thl' day, so that data could 
be obtained for various traffic patterns. 
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After the films were developed, the pictures were analyzed with the aid of a time­
motion-study projector. Pictures could be advanced, one frame at a time, and a 
counter indicated the number of the frame being studied. 

TEST RESULTS 

Pressure Differential Across an Entrance: It was found from an analysis of the 
field test data that the pressure differential across a building entrance was related 
to the building height, and the difference between the indoor and outdoor air tem­
peratures. It was also evident that the differential could be increased or decreased 
appreciably by the operation of exhaust or fresh air supply fans. 

To correlate the pressure differential across an entrance with building height, 
temperature differential, and blower action, the observed pressure differential for 

FIG. 3-ENTRANCE SHOWING DOOR 

INDICATORS AND TRAFFIC 

each test was expressed as a percentage of the theoretical natural draft for the con­
ditions of the test. This ratio is hereinafter referred to as a draft-factor. 

The theoretical draft which is produced solely by the stack height and the dif­
ference in the densities of the cold outside and the warm inside air may be calculated 
by Equation I. 

.iP'heo, = 0.1924 (Po - Pi) H . • (1) 

The theoretical draft in buildings, heated to 75 F, of any height, and for any 
inside-outside temperature difference, may be determined from Fig. 4. The figure 
is based on air densities taken from Reference 5. 

In Fig. 5, the observed pressure differentials resulting from chimney action only 
have been plotted against the theoretical drafts obtained from Fig. 4. A straight 
line drawn through the points for conventional buildings has a slope of 0.7, thus . 
indicating ~ natural {lraft I(~ctor, IN, of O.? One of, the buil~ings tested was. of I f\ I (en,,' I" 

mctal curtall1 wall construction and had wl11dows which were tightly sealed by m- l'f 
flated gaskets. This building had a draft factor of 0.3 as s.hown by the lower curve t:: 
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of Fig. 5. I/o\\evcr, since only one building of this type was tested, it is not known 
if this lower factor would bt: typical for other buildings of similar construction. 

The operatioll of exhaust or fresh air supply fans tends to increase or decrease the 
pressure differential across a building entrance caused by natural draft. Correc­
tions for the natural draft factor, for various rates of air exhaust or supply, are 
given in Fig. 6. The corrected factors, or the forced draft factors. are also given in 
the figure. 
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BUILDING ENTRANCES 

Wind velocity was found to have a negligible effect on the pressure differential 
in the congested business areas where the field tests were conducted. Although 
some tests were made on rather windy days when wind velocities of 20 mph were 
being recorded by the U. S. \\'eather Bureau, wind velocities measured windwardly 
at the curb line in front of the entrance were not more than 6 mph, and the max­
imum velocity normal to the entrance was only about 2 mph, which is equivalent 
to a pressure differential of less than 0.002 in. of water. The wind direction past 
the building entrance was found to be quite erratic. 

No attempt was made to investigate the effect of vertical openings. However, 
the presence of large escalator openings in two of the buildings tested did not seem 
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tu cause any si~nificant dilTerence in thc draft factor;;. It was also surprising to 
the investi~at()rs to hllli that the pressure dilTerential remained essentially con­
stant regardless of yariations in the rate of traffic through the entrances. No 
etTect of etev.ltor pumping was obseryed. 

Both the inside and outside air temperatures were found to be reasonably con­
stant over the entire heib:ht of the buildings. The maximum variation observed 
was of the order of 5 F. 

Flow Coejfic'ients for Door Openings: As previously indicated, the feasibility of 
scale model tests was demonstrated by the comparison of data obtained with models 
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FIG. 7-TypES OF ENTRANCES FOR 
\\'HICH FLOW COEFFICIENTS WERE CAL-

Clll.ATED 

at two different scales, with the results oi tests on a full scale door. A discussion 
of the theory of l1lodel testin~ appears in Appendix A. 

For doors of gi\'en dimensions, arrangement, and direction and angle of opening, 
the flow coefficient, CF , was found to be the same regardless of the scale of the model 
used, or the pressure differential applied across the model entrance. The flow 
coefficient may be defined by Equation 2. 

c ... = ,/n/4005 N A y'f;p (2) 

,\bout 300 tests were made in the Laboratory on a Ys scale model of a 4-door 
single-bank entrance (type FI in Fig. 7) to determine the flow coefficients for vari­
ous door positions. Test data obtained on the performance of adjacent doors of 
various arrangcments (opposite-swinging, parallel-swinging, one swinging in and 
the other out) were used to compute the coefficients for the various types of en-
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trances shown in Fig. 7. The dTect of adjacent doors, either parallel- or ()pposite­
swin,:;in,:;. arc shown in Figs. B-1 and B-2 of Appendix B. 

Fi,:;. 8 is a graph constructed for determining the flow coefiicients lor as-door 
entrance (type B-1 of Fig. 7) lor any combination of door positions. It is composed 
uf 5 sets of curves. The first set, at the bottom of the tigure, shows the performance 
01 dour" e" as a single door. The second set of curves, when entered at the point 
indicated by the "e" cun'es, gi\es the coeflicient for the combined performance of 
duors "e" and "d". Similarly, the scale at the top of each successive set of curves 
indicates the combined coetlicient for the door represented by the curves. in com-
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bination with all preceding doors. Fig. 8 is typical of a number of graphs con­
structed for various entrance arrangements. 

To determine the performance of a vestihule-type entrance, tests were made on 
a 7ii scale model of a type F2 entranCe ha\'ing a vestihule depth of 8 ft ill prototype. 
I t was at first thought that the relative locations of the open doors in the inner 
and outer banks, as well as the numerous combinations of positions of the doors in 
each bank, might be important variables in the study. However, it was found that 
the coeflicient for the vestibule could be predicted from the coefficients for the 
inner and outer banks, regardless of the positions of the individual doors in each 
bank. For example, any combination of door positions in the 2 banks which gave 
individual bank coefficients of 0.3 and 0.4 would produce a vestibule coefficient of 
0.225. Flow coeflicients for vestibule entrances may be determined from Fig. 9, 
if the coefficient for each bank of doors is known. 

A few tests were made with vestibules -I ft and 16 ft deep in prototype. The 
results of these tests indicated that the depth of the vestibule had no significant 
effect on the infiltration through a building entrance. Tests were also made with a 
marquee at several heights above the entrance, but no signilicant etTects were 
found. 

The flow coefficients as determined from Figs 8 and 9 are for doors at the indi­
cated positions but unobstructed by people passing through them. The effect of 
human obstruction was studied by placing a scaled model of human figure at var­
ious positions in a door opening. The results of these tests are given in Appendix 
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C. Other tests, in which 3 human figures were placed at various positions in an 
open doorway indicated that the entire effect observed was created by the one 
figure which created the maximum obstruction. 

Since the reduction of infiltration due to human obstruction depends upon the 
length of time the opening is obstructed, further discussion on the subject will be 
given with the results of the traffic analysis. 

A few tests were made to determine the infiltration through a full scale door 
crack 3431 in. long and adjustable in width up to 31 in. The results are given in 
Fig. to. 

Analysis of Traffic and Evaluation of Entrance Coefficients: In the field studies 
made to correlate traffic and door position, seven 400-ft films or a total of over 
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100,000 frames were taken at a speed of 8 frames per second. These pictures 
showed traffic at various rates passing through vestibule-type entrances having 
various door arrangements and vestibule depths. I t was found that good ac­
curacy could be obtained by the analysis of every eighth frame (1 picture per 
second), and the results pres€lltcd are therefore based on the examination of ap­
proximately 12,500 frames. 

The analysis was made by projecting every eighth frame onto a screen, and noting 
the indicated position of each door in both the inner and outer banks. For each 
combination of door positions, the flow coeffcient for each bank of doors was de­
termined from a chart similar to Fig. 8, constructed for the particular entrance 
being studied. The traffc rates through the doors for certain selected sequences 
were also determined from tte pictures. 

From the data obtained frem the pictures, entrance coefficients were calculated for 
the various entrances tested. An entrance codfcient may be defined as the flow 
coefficient corresponding to a given traffc rate through a given entrance. 

Entrance coefficients for a single-bank entrance were determined by averaging 
the flow coefficients for the outer bank of vestibule entrance doors. A plot of 
these entrance coefficients vs. traffc rate is shown by the upper curve of Fig. 11. 
The flow coefficients for the outer bank of doors were used because it was felt that 
the outer bank more nearly represented the performance of single bank doors. 
In every building tested, the outer doors closed more rapidly than the inner doors, 
probably due in part to the adjustment of the door closers, and in part to the 
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greater pressure differential acting un the outer doors. Field tests had indicated 
that mo~t uf the pressure dilTerential across a vestibule-type entrance uccurred at 
t lit' outer set of doors. Coefficients based on the inner doors wuuld have been about 
10 percent higher than those shown in Fig. II. 

Flow coefficients for vestibule-type entrances were deterlllined from the separate 
tlow coetlicients for the inner and uuter banks uf doors by means oi Fig. 9. TIl(' 
\'t·,tibule entrance coetiicients shown by the upper curve oi Fig. 12 were deter­
mined by a\'eraging the \'estibule tlow coetiicients ior given tratlic rates, .\n e:\­
,I/llple oi the determination of entrance coefficients is gi\'en in .-\ppendix D. 
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To ~tudy the effect of human obstruction upon infiltration, it was decided to 
analyze only those sequences showing a simple trafflc pattern of I, 2, 3. or -! peo­
ple entering or lea\'ing one door (or one set of doors in the case of the \"estibule en­
trance) at about the same time. Each analysis started with the frame before the 
first person entered through the outer door (or departed through the inner door), 
and continued until the last person had completed the passage through the doors. 
and the doors were closed. The angles uf door opening, as well as the position oi 
(',Ich rwrsoll rdati\"l~ to the dours, were noted; and the effects of the lJlJ~truction 
wefe determined and can be seen from Fig, C-I of .-\ppendix C. The lu\\'er cur\"es 
oi Figs. II and 12 were plotted on the assumption that the ratio oi the corrected 
to the uncurrected entrance coellicients, as found fur the simple tratlic pattern~ 
~tutlied, would hold for the more complex patterns. :\5 shown in the figures, the 
l'ffect of human obstruction is negligible at low traffic rates, and increases to ap­
proximately 25 percent with 1,000 persons per hour passing through each door. 

The solid curves in Figs. II and 12 were drawn to represen t the a wrage coefficien ts 
for all of the entrances tested. :\ close inspection of the figures reveals that the 
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solid curves also represent a reasonably good average for each of the entrances 
tested except those having power-operated doors, Gland G2. It is therefore recom­
mended that the entrance coefficient for any entrance having manually operated 
doors be determined from the curves of Figs. 11 and 12, regardless of door size or 
arrangement. The use of the broken curves, giving values corrected for human 
obstruction, is recommended for practical application. 

The curves of Fig. 13 show the relationship between the effective (actual) pres­
sure differential across an entrance, the entrance coefficient, and the infiltration 
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DISCI'SSION 

,\, i"d;c;IIi,d;1l I,;>:" II alld 12, till' I'lltralln' (,'ll'fiic;('lIh fill' tltl' 1111(' Sl't flf pll\\'('r­
"perated duurs tl'~tl·d \\Tn' 1Illll'h highl'r than fur lIlanually opl'rated duors, This 
is to bl' l','pected, since the pO\\'l'r-opera!l'd door Opl'l1S a full 90 deg each time a 
per,()11 paSSl'S through it, and remains opl'n lunger than the average 1l1anually­
IIperakd dour. Tlte inert'ase in infiltratiol1 through power-operated doors ",ill 
I'rllhahl\ y;try widely, dl'\,L'nding upon the adjustllll'nt of thl' operating IIlcchanism, 
It i, a\:;(l apparl'nt tklt tltl' effect uf human uustruction will be less with pO\\'l'r­
operated t han with manually-uperated duors, 

Thl' data on infiltratiun through dour crack,; will ue applicaule only to entrances 
through which the tratiic rate is wry 10\\', 

fIlTH/ralil'" FXillllple: Gil'ell: A uJll1'clllivllallJllildillg 350ft liigll has a lIet ruhllge of 4,200,000 
(II fl, Frt's/i tlir f<llls supply oiliside <lir al l/it' rille of SO,OOO ,fill, tllld exhtlusl flliiS dis­
duIY!!.t' 50,0()O '/111, 1'11,' hllildill!!. /i,[S " 1'cslil,ulc-lypc ,'lllrllllll' II,H'illg fOllr 3- x 7-jl doors 
1111<1 lit,' inside lelllpt'Y<llure is IIltlilllllillt'liat 75 F, Filld: flljillr<llioll rale Ihrougit Ihe "/l­
Inilln' ([t ,1 lime 1i'hell Ihe vulsi:le IClllp,.,<llure is zero F, tlild llle lraj}ic rale is 2,000 persolls 
per hOllr. 

SOllllioll: Frolll Fif:, 4, the lit<'orelical dr.tit for a 350-ft buildinf: height and a 75 F 
ilbidl'-()lItside lL'lIlpl'r.llure dilkrenti.t1 is 0,88 in. of water. 

TIll' nd air supply rate is 80,000 - 50,000 = 30,000 dill. This is 30,000 X 60/ 
-1,200,000 or O,B air changes per hour. From Fig. 6, the draft factor for a conventional 
fJuilding, currected for an air sllppl~' rate oi 0.43 air changes per hour is 0.525, and the 
l'fft-ni\'e pn'ssun' dilh'rl'ntial is O,SS X 0,525 = 0..162 in, of water. 

The tr.tltic rate pcr door is 2000/-1 = 500 persons per hour. From Fig. 12, the vesti­
bule entr"nce coellieil'nt corrl'ctcd ior the effect of human obstruction is O.OS, 

From Fig. 13, for an etlectin" pressure difierl'ntial of 0..1(" and an clitrance coefficient 
of O,OS, thl' intiltratioll rate per door is 4,500 dm. Infiltration through the 4-door 
cnt ranee = 4 X 4,500 = 1S,000 cfm. 

CO:\UXSIO:\S 

1. :\ procedure and the neCl'SSdr~' data for the calculation of intiltration through cn­
tr.lIln'S of t,dl buildill;:s arc prcsented in the paper. An approximate general equation 
for thc calculation of intiltration are also gi\'cll in .\ppendix E. 

2, The 1l1()st import,lIlt \ariables determining the infiltration rate through building 
l·ntr.lnCL'S Me (,I) building h<'ight, (b) indour,outdoor tcmpl'rature ditlerence, (r) the 
quantity of ,Iir supplied and/or exhausted, (tf) traffic rate, and (e) type of building en­
trance. 

3. Thl' inliltration throllgh a yt'stibuk,t)'lx' \'ntranCl' Yari,'s frolll alHlIlt SO to (,0 
I'clu'nl of that for ,I sillgle 1,.IJlk l'lItr;IIln', d"IX'luling upon thc tr;tliic rate, 

-I. \\'ind velocity is not an ililpurtant factor in deterillining entrance intiltratiun. 
5, Entrance infiltration is not appreciably ::ttIected by the depth of the \'estibule or the 

presence of ::t marqnee, 
6. It is only during periods of wry luI\' tratiic rate that the infiltration through cracks 

around the doors becomes an appreciable part of the total infiltration. During periods 
of normal or high traftic rates, intiltratioll through door cracks may be neglected without 
serious error. 

7. The approximate entrance infiltration in a 30-story building at a temperature dif­
ferential of 75 F is as follows: 

WINTER INFILTRATION J HUOUliH .':)WINlJINLr-lJUUJ.(' .L:..N1K,l\J."~.e;:" PI: .L. "-. ""&U" 

For sillKll!olialik door I'lItranCl'H -900 ell ft pcr p('rsoll pcr passage, 

For vestihuleolype l'lItrancl's-550 en fl per persoll pt.,r passage. 

1\ IIl't air HUl'I'I)' of I ~ air dlang,· 1"'1' h,,"r, and .. trani(' raIl' ,,[ SOO p\'rHonfi per (huur) 
(duor), wen: asslllilcd ill arrivill~ at titt.·Sl' vallies. 
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NOMENCLATURE 

A area of a door, square feet. 
CF flow coefficient, dimensionless. 
/!> forced draft factor, dimensionless. 
fN natural draft factor, dimensionless. 
H = building height, feet. 
N = number of doors per bank. 

t;,p = pressurc differential across the entrance, inches of watcr. 
t;,Pob •• = observcd pressure differential, inches of waler. 

t;,P thco, = theoretical pressure differential, inches.of. water. 
go = air flow through entrancc, cubic feet per minute. 
Pi density of inside air, pounds per cubic foot. 
Po = density of outside air, pounds per cubic foot. 

APPENDIX A 

PRELIMINARY INVESTIGATION ON MODEL ENTRANCE TESTS 

Before the model tests could be of any value, investigation was made to determine 
how a gcometrical, kinematic, and dynamic similarity could be established between 
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the prototype and the model, so that the phenomena of the prototype could be repro­
duced in the model, and the information obtained from the model could be used to 
predict the performance of the prototype. 

From the knowledge of the physical situation, it was assumed that the controllino 
factors for the air volume flow through the door entrance would be t1P, D, p, g, and p.~ 
,,"d that the air volume tlow q might be expressed by the equation: 

q = <p(::"P, D, p, g, ge, 1') (A-i) 

q = air infiltration, cubic feet per minute 
<t> any fun~tion 

::,.p pressure dilferential, pOllndsr per sq ft 
D characteristic dimension, fL-et 
p air density, pounds, per cubic foot 
g acceleration due to gravity, f,'et per minute (minute) 

. f (Ibm)(ft) 
ge = conversion actor, (Ib-f)(milll(min) 

. .. Ib", 
I' = alf \N'OSlty, ([tHlllin) 

By the lise of the dimensional analysis, Equation :\-1 becomes: 

(A-2) 

II, "xperimenLd COlbt.l1rt 
{J, experimental expOllellt 
<1, experimented exponellt 

Since D' may be replaced by any c()IlH'lIil'llt dimension of area slich as the area of a 
door A, Equation A-2 Illay be written as 

whe,e 

or 

where 

C F tlow coefficient 

q 

A /2go t::.P 
p 

!}p /2gc t1P 
p. p 

.VJir 
::"Pgo 

J)pg 

Euler ~ umber 

Reynolds Number' 

Frollde Number* 

(A-3) 

(A-4) 

• Fluid },f,'chanie> for Hydraulic Engineer,. by Hunler Rouse (McGraw-Hill Book Company Inc New 
York, First Edition. 1938. p. 303). ' .. 
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As dimensional analysis can serve only as a yardstick to reveal the possible parametric 
groups which may govern the characteristics of the flow, the final answer must rely on 
the test results, first to determine the effect of the Reynolds and the Froude Numbers on 
the Euler Number, and then to determine the experimental constants ai, a., and as. 

H experiments showed that both the Reynolds and Froude Numbers were important, 
the flow coefficient would have to be split into two partst, one to be a function of the 
Reynolds Number, and the other the Froude Number. 

Experiments were run in the wind tunnel with a 7:i scale single-door entrance as 
prototype and Ys scale single-door entrance as the 3':1 scale model, both at the fully open 
position. By proper choice of the size of doors and selection of the pressure differentials, 
either the Reynolds Number or the Froude Number was held constant, and the Euler 
Number, in either case, was found to be the same. This pointed out that both the 
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Reynolds and Froude Numbers were unimportant, and that the Euler Number, or the 
flow coefficient, depended only upon the geometry of the boundary, i.e., for a given 
geometrical orientation, the average velocity was proportional to the square root of the 
pressure differential, and the proportionality constant was the same for both the proto­
type and model regardless of the pressure differential and the size of the scale model. 
In other words, the experimental exponents n. and a, in Equation A-4 were zero, and 
the value of ,/, remained the same for a given boundary orientation. 

The fact that the Euler Number remained constant for a given boundary condition 
indicated that the Reynolds and Froude Numbers were sufficiently large (NRe > Hf, 
N F, > 2) that the viscous and gravity forces were negligible in comparison to the inertia 
and pressure forces·. 

Existing data ** show that the Euler N umber or flow coefficient for a circular orifice 
is constant at a Reynolds Number of 1 x 105 and higher. The literature also shows that, 
for a flow with free surface, the Euler Number is constant for a Froude Number of 2 
and greater. In the case where the flow is not free but guided by a horizontal plane, 
such as in a door entrance with floor simulation, the gravity force is not important, and 

t Fluid Mechanics. by Russell A. Dodge and Milton J. Thompson (McGraw-Hill Book Company. Inc .. 
New York, First Edition. 1937. p. 436) . 

• Fluid Mechanics for Hydraulic Engi""rs, by Hunter Rouse (McGraw-Hill Book Company, Inc., 
New York. First Edition, 1938, pp. 303, 304). 

.... Elementary Mechanics of Fluid by Hunter Rouse (John Wiley & Sons, Inc., New York, 1946, pp. 168, 
105, 93, 95). 



'us TK,\~';,\I'TION'; ,\MEIIII'\:' ~Il('IET\, OF 111i.\TlNI; ANI> ;\IR-('ONlliTiONINI; EN(;INEEIIS 

till' lI"w C()l'Ii'Il'il'lli is iudl'I"'lIdl'lll "f till' l-"I'II111k ~llIul'l'r ,Hid lkpelll\'; IIlIly IIP()II (he 
h()ulld,lry proporti()lIs .Inti "ril'nl.1ti"n~. Thi" i" abo f"lIuti (0 Ill' (J'IIe [or a ,llIin' galett. 

Sinn' the '\ iud tlluuel 11·'t~ were rlln at room tl'mperatllre, the properties of air wel'e 
essl'nti,tll\' Clllbt,lnt. (ltlly the pressure dilferential !!.P and scale of the Illodel D were 
"aried. For a "iugle-door entrance of 76 scale at a pressure dilTerential e,'en as low as 
0.02 iu. water, till' curn'spolulil1g Reynolds and Frollde Numbers wcre 4 x 10' and 2 
rl'spectin:i)·. The pressure differentials IIsl~d in all 700 tests ranged from 0.05 to 0.98 
with most teslS matle aronnd n.s in. water, which was the practical range enconntered 
in the field tests. The ]{(,\'Ill1lds and Frollde Numbers were therefore greater than their 
critic,d ,',tllles in all tests. 

The tIow coeflicil'nt for both 1.1 scale and % scale single-door entrances was found to 
be about 0.065 jor the fully open position. A check test was made in a corridor by 
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tbing 2 l.trge exhatlst fans as the slIction sotlrce and mcasuring the an~ragl' ,'docit)" and 
prL's~tlre dilIL'rential across a ftlil-size single-door entrance connecting the corridor and 
.1 )'/''''11. \\'ilh lhe pn',,'llrl' dillt-rellli,d of 0.03-1 in. water and an average n·l"city "f 
S21J fplu, till' lIo\\' "ol'llicil'lIt W,IS fOlllld to he 0.7 which agrees well with the lII"del test 
\',tllI(, uf O.()65. 

Te"t:; were rlln on both 1'1 aud ~1"6 scale lIIodels at dilIercnt angles of opening, and the 
rl'sults slHlwed that the How l"ll'fiicil'ub l relllailled the same for iluth scales at the sallie 
;(Ilgll's of opening. This is ,hi 1\\'11 in Fig. ,\-1. 

APPENDIX B 

EFFECT OF TIlE J)(!{ECTJ():\ OF S\\~I:\G llF .-'l.DJ,\CE:\T DUORS ON TilE FLOW COEFFICIENT 

The eiTeet of the directilln "f ~\\'illg uf adjaccnt door~ W;t:i inH'stigated so that the 
How coefficient for ,'ariolls typl'S uj entrances (Fig. 7) could be e,'aluated. Fig. B-1 

tt FJoNtlftl1ftl Fluid .\J(dwn;o hy Jolin K. Vt'l1llard (juhn WH~y & SOliS, Inr .. New York, Third Edi­
litJ II, 11)S4. p. J(5). 

I The flow coeJlieients for a door at variolls allgle~ of opening were based all the full area of the door, as 
defined in EQuation 2, instead of the actual area uf the opening of the duor. 
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shows the flow coefficients for a pair of opposite swinging doors, and Fig. B-2 shows the 
coefficients for a single door as inlluenced by an adjacent parallel-swinging door. 

Tests indicated that, for an opposite-swinging-door entrance with one door swinging 
out and the other in, the flow coefficient was essentially the same as for a parallel­
swinging-door entrance with both doors swinging out. 

APPENDIX C 
EFFECT 01' HUMAN OBSTRl'CTION 

To evaluate the reduction of air infiltration through an entrance due to the obstruc­
tion of people passing through, tests were run in the wind tunnel with scaled figures of 

0,7 

O.s 

OJ 

0: 

80.5 
o 
0: 
o 
u. 
f- 0.4 
z 
!!! 
u 
Ll: 
t!;O,3 

8 
:;: 
o 
~0.2 

0, 

~M .--90· 

70. '--80· 

sol 
I 

I"-. I 
50· - ........... 

'- 40~ - -- ........... - '1n~ -- .......... 
i'.. 20· 

r--. I 
.............. ......... Angles of Opening ,lDoor e -10· 

0' , I o 10 20 30 40 50 60 70 80 90 
ANGLES OF OPENING FOR DOOR f ,DEGREES 

FIG. B-2-FLOW COEFFICIENTS FOR DOOR e SHOWING 

INFLUENCE 01' ADJACENT DOOR f 

persons standing at the model single-bank-door entrance. The results arc shown in 
Fig. C-l. 

For vestibule entrances, corrections for human obstruction may be computed by the 
use of Figs. 8, C-l, and Fig. 9. For instance, at a single-door vestibule entrance with 
one subject standing at the threshold of the outer door and the other at the threshold of 
the inner door, and both inner and outer doors at fully open position, the flow coefficients 
for inner door and outer door with correction for human obstruction are 0.665 X 0.67 = 
0.45 (Figs. 8 and C-l for position 4 curve at 90 degrees). The vestibule coefficient is 0.31 
(from Fig. 9) which agrees well with the test value of 0.33. 

APPENDIX D 
SAMPLE CALCULATION OF ENTRANCE COEFFICIENT 

The entrance coefficient for each sequence of frames analyzed was determined by 
averaging the now coefficients for the sequence. 

, 
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Table D-l is a sample of the data developed by analyzing a sequence of pictures. 
By dividing the totals for the sequence by the number of frames in the sequence, 266, 

the following results are obtained. 

Single-bank entrance coefficient 

Vestibule-entrance coefficient 

APPENDIX E 

5~.~~4 = 0.194 

2~.:~~ = O. \07 

ApPROXIMATE (;EXERAL EQUATION FOR THE CALCULATION OF INFILTRATION 

Entrance infiltration is primarily affected by the indoor-outdoor temperatllre difTer­
l'llce, the height of the [wilding, the quantity of air supplied and/or exhausted, and the 

8~,J ! Ttl T~ l:LLl=+=r" I 
t;~ L,l.L~~-_-~, ,P,OSITIONS 1,5,5~ i 1 I ~Ll-
ii>-I ~' I I I I I I' POSITION 3 I, ~' 

0°08"""-' -, ~-- POSIT, ION 2,' ~0<- , {'-
f-iI} I ," '~, '~/I g;~ '--., -"-T+--4-~a '0 'm' I ' 
o-:J I ; . I \0 0 ~~ 
;O:;:06t--"- '~-',+" ~f' e,- --+--+'-T-
Z Z L "I ! OSITION 4 

0:oi ~' -h' L CJPOS,ITIOO,N I + POSITIONS 1,5,56 ; : 
c:: C;:04 \\ 2 ~ 2; POSITION 3 --+--+--+---+----1 
LL LL <;;:'3 1 0 POSITION 4 I I 
i' ~ 1-'" '1= .. 'I ° POSITION 2 -+--It--I +--t-1 
cui 5 _ X POSITION 4 "-
~ ~ 0"1 l J l-tl~- (FOR 4-DOOR ENTRANCE) ,-',.--

~~ L:~:J~J. rtrn') 1"1 11 ,-
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ANGLE OF DOOR OPENING, DEGREES 

FIG. C-I-EFFECT OF HUMAN OBSTRUCTION ON FLOW 

COEFFICIENTS 

Iraftic ratl'. A correlation of thesc \'ariables may be approximated by the equation: 

(E-!) 

q' = entrance infiltration corrected for human obstruction, based on inside 
design temperature of i 5 F, cubic feet per minute per door 

M = traffic rate, numher of persons per (hr)(door) (limited to 200 to 1,000) 
II = building height, feet 
To = Absolute oLllside air temperature, Rankine degrees 
.'II = net air changes per hour, (exhaust or supply) (limited to 0 to 1.1) 
k, = constant, 1.1 for vestibule entrance; 1.6 for single-ban k-door entrance 
k. = constant, 125 for \'Cstibule entrance; 216 for single-bank-door entrance 
k, = constant, -0.6 for net supply air; +0.7 for net exhaust air 
k. = exponent, 0.9 for net supply air; 0.6 for net exhaust air 
tlt indoor-outdoor temperature difference, Fahrenheit degrees 

DISCUSSION 

H. T. GILKEY, Cleveland, Ohio (WRITTEN): Having been associated with the Tech­
nical Advisory Committee on Heating and Air Conditioning Loads during the period of 

DIscusslO~ O~ WIXTER INFILTRATION THROUGH SWIXGIXG-DooR ENTRASCES HI 

TABLE D-I-ANALYSIS OF A TYPE B ENTRANCE \VITH A TRAFFIC RATE OF 674 
PERSONS PER (HR)(DoOR) 

ANGLES OF DOORsa FLOW COEFFIC'ENTS 

FRAME No. BANK I 
_____ I_, _____ i __ A ____ " ___ c_ D __ E __ I_S_'_N_GL_E_B_A_NK_I __ V_E_S_T_'B_V_LE __ 

3137 

3145 

3153 

3161 

3169 

3177 

I 
I 
I 
I 

4609 

4617 

4625 

I 
I 
I 
I 

5241 

5249 

5257 

5265 

outer 
Inner 

18 0 30 84 40 
65 48 0 36 0 

outer 
inner 

outer 
lIlner 

ollter 
lIlner 

ollter 
Inner 

outer 
inner 

I 
I 
I 
I 

ollter 
inner 

ollter 
inner 

outer 
inner 

I 
I 
I 
I 

ollter 
Inner 

outer 
inner 

outer 
inner 

outer 
inner 

8 
68 

2 
66 

4 
44 

4 
17 

4 
9 
I 
I 
I 
I 

38 
50 

25 
64 

54 
56 
I 
I 
I 
I 
2 

45 

2 
20 

2 
10 

2 
6 

o 
64 

o 
59 

o 
60 

o 
58 

o 
32 
I 
I 
I 
I 

50 
o 

60 
o 

54 
o 
I 
I 
I 
I 
o 

15 

o 
10 

o 
5 

o 
o 

20 
o 

10 
o 

o 
o 

o 
o 

o 
o 
I 
I 
I 
I 
o 
4 

o 
o 

o 
o 
I 
I 
I 
I 
o 
o 
o 
o 

o 
o 

o 
o 

Total of coefficients for outer bank 

65 
30 

16 
30 

10 
22 

20 
22 

48 
30 
I 
I 
I 
I 
8 

40 

4 
20 

o 
4 
I 
I 
I 
I 
o 

38 

o 
38 

o 
38 

o 
40 

Total of coefficients for vestibule entrance 

14 
o 
5 

20 

o 
61 

o 
90 

36 
76 
I 
I 
I 
I 
o 

74 

o 
76 

o 
74 
I 
I 
I 
I 

26 
o 

10 
o 

4 
o 

4 
o 

• See Fig. 8 for door designations. 

0.244 
0.276 

0.150 
0.295 

0.047 
0.276 

0.044 
0.292 

0.054 
0.279 

0.116 
0.210 

I 
I 
I 
I 

0.179 
0.259 

0.174 
0.249 

0.210 
0.232 

I 
I 
I 
I 

0.060 
0.194 

0,034 
0.133 

0.015 
0.107 

0.015 
0.095 

51. 704 

0.167 

0.131 

0.047 

0.044 

0.054 

0.122 

0.137 

0.133 

0.142 

I 
I 
I 
I 

0.060 

0.033 

0.015 

0.015 

28.412 
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Ih" iu\estigatiull reported ill this pap"r, perh .. ps I ;till ill a I,ell('r positiull thall some to 
("prl"S my appreci.,tioll tu Mr. Mill and the staff of the Research I.aburatory for the 
inform.ltiun presented. Quite frankly, sewral members uf the TAC were initiall} 
"keptic.t1 that informatIOn of practical \"alue could cume from such an investigation. 
I think that the committee was somewhat oyerwhelmed by the number of factors which 
might .IITt'n entrance inliltration. Many, but not all of those, are listed in the paper. 
It i, true that sOl1le of these variables were found to be of negligible importance during 
Ihl' co,lrse of the investigatioll, but this fact detracts ill no way irom the skill and in­
g"lluit y exhibited in cOllductillg the illvl'sligalion, aud in analyzillg alld interpreting 
the data. 

It should be pointed out that a great mallY types of structures arl' grouped within 
th,' c1.lssilicatiun of (om't'lltjollal buildillgs shown in Fig. 5. This c1assitication includes 
huildings of cllrtaill·wall cunstructioll, as well as of masollry constructioll. The paper 
'I"'cilic.tlly ml'lltiollS th.lt olle of the buildillgs tesled was of metal curtaill-wall construc­
tioll .lIId had windows which were lightly scaled by inllated gaskets; this building had a 
nllll"h lower draft factor than did the other buildings in\"Cstigated. Obviously, not all 
llIetal curtain-wall buildings are as tightly seait'd against air leakage as was this one, 
and thl' lower natural draft factor was probably due to the tightly scaled windows rather 
thall ttl the curtain-wall construction as such. 

The report states that the pressure dilTerential across the building entrance remained 
essentially constant regardless of variations in the rate of traffic through the entrances. 
()nl' wondl'rs if this situation was obserwd only during the day, when there would al­
W.I)'S he at least light traffic, or was it also observed in the e\"Cning at an essentially 
z('w-tr,dJic condition? 

()I)\iollsly, the entryway is not a building's only source of air leakage. There is sOllie 
question, I think, as to whether the entryway represents the major source of infiltra­
tion in buildings slIch as those studied, or if it is merely a source of substantial air leak­
agl'. l'nfortunatcly, this question is lIot resoh'ed by the observation that the pressurt 
di{Tcrt'lIli.zl remained essentially COllslallt regardless of ,'arilltions ill Ihe rate of traffic 'hrough 
the c!;/ra illeS. It is wondered, therefore, for the building sited in the illustrative ex­
ample, if there are lIIeans of estimating the proportion of total air leakage which the 
18,000 dill entrance leakage represents. 

It is unfortlillate that the appendices could not be published with the paper in the 
J ()l'l{~ \1" for without them complete allalysis of the paper is impossible. Furthermorc, 
Ih"sl' appendices explain techniques of investigation and analysis which will prove 
\'alliable to other in\·estigators. 

R ....... I'.\l{so!'s, Lansing, Mich., (\\'l{ITTEl<I): The information provided by this paper 
,.lwlIld be hclpf u1 in determining infiltration rates through swinging type doors at street 
!..H.I entrances to large buildings. It is applicable to large buildings in congested areas 
during business hours. This data is necessary for computing the capacity of equipment 
needed to properly temper olltside air as it enters such buildings. 

:\dditional information would be useful if it were applicable to isolated buildings 
which do not have the benefit of surrounding buildings to minimize the effect of wind. 
Included might be such items as: 

\l) Effectiveness of an lIir (urtain in reducing infiltration. It has been stated that 
this type of installation seals entrances hermetically even against heavy winds, without 
producing a draft. 

(2) The effect of exhausting air at cntrances (pressurizing), Minimum volumes and 
wlucit ies of exhaust air necessary to eliminate infiltration at various wind velocities 
could be determined. 

D. R. llAHxFLETH, Urbana, Illinois (WRITTEN): The author has presented useful 
infiltration data in a form which is easily understood and easily applied. Many of the 
variables that influence infiltration through entrances have been studied and their rela-
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tive importance established. However, it does seem that the omission of resistance to 
air flow between floors and through the building envelope should be given some con­
sideration as an important variable. The draft-factor, which is the ratio of observed 
pressure difference at entrance level to theoretical pressure difference for a stack of the 
same height as the building, is a function of the resistance to air flow between floors and 
the resistance to air flow through the building envelope. A high draft-factor, which is 
indicative of a high pressure differential at entrance level, implies low resistance and a 
low draft-factor high resistance. Thus, if a structure is extremely tight above the level 
of the entrance, the pressure difTerl'ntial and entrance infiltration would be slIIail. 

To illustrate the elTect of the rl'sistallce to air lIow 1)11 illliltratilllll'Ollsitier lhe extrcllll' 
case of an air-tight structure of 500-ft height that has a swinging door entrance. At an 
indoor-outdoor temperature difference of 75 F the theoretical pressure difference from 
Fig. 4 would be 1.25 in. water. The draft-factor would be nearly zero, and infiltration 
through the entrance would be lIegligible. Froll1 the results it is apparent that in con­
ventional construction today the How resistance between floors and the How resistance of 
the envelope is very small, and no significant differences in draft-factor could be meas­
ured. The draft-factor of 0.7 places the neutral zone for infiltration at about 0.7 of 
the height, which is in agreement with earlier studies of heat loss in multi-story build­
ings. However, as new construction materials and new construction methods are in­
troduced, the conventional building may have a greater resistance to flow and lower 
entrance infiltration rates. This is suggested by the results from the one test conducted 
on a presumably tighter-than-average building. 

It should also be noted that the reduction of entrance infiltration can only be ac­
complished by (1) selecting the proper type of entrance, (2) controlling the net amount 
of ventilation air supplied to the structure, and (3) reducing the pressure differential 
across the entrance by increasing the resistance to flow of the building envelope, as such 
things as traffic rate, height and temperature difference cannot be controlled. Thus, if 
minimum entrance infiltration is desirable some attention must be given to the tightness 
of other components of the structure. 

For the reasons mentioned, it would seem that the resistance of the building interior 
and envelope to air flow should be considered as one of the important variables deter­
mining entrance infiltration, and it would seem advisable to extend the present in­
vestigation, if possible, to evaluate draft factors for newer types of structures. 

C. M. HUMPHREYS, Cleveland, Ohio: In his discussion Mr. Gilkey stated that some of 
the members of the Technical Advisory Committee doubted if the many variables as­
sociated with the problem of entrance infiltration could be resolved. These misgivings 
were also shared by some at the Laboratory. Mr. Min is to be commended for the work 
which he did, and particularly for his perseverance and resourcefulness in the analysis 
of the data. 

As Mr. Min has stated, tests were made on blllidings in both Cleveland and Pittsburgh. 
It is pleasant to take this opportunity to thank the owners, managers and engineers of 
these various buildings. In every case they offered their complete cooperation. With­
out this cooperation the project could not have been completed. 

A. G. WILSON, Ottawa, Canada: I would like to add my commendation to Mr. Min 
and his colleagues at the ASHAE Laboratory for an excellent piece of work and one 
which I am sure will be regarded as highly significant. Having looked at the infiltra­
tion chapter of THE GUIDE recently, I realize how little information there is of the type 
that is presented in this paper. This information will be directly useable I am sure by 
the consulting engineer. 

As has already been implied by some of the discussers the paper suggests further work 
that might be carried out, as is often the case. One of the subjects that has been dis­
cussed is the matter of the pressure differences across the entrances and the extent to 
which they approach the theoretical draft of the building. This is one aspect of the 
work which I think might usefully be extended to include pressure differences across the 
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exterior walls of buildings at various heights. I believe this would provide much needed 
information Oll pressure ditTerences leading to infiltration into spaces at other levels in 
the building. 

Fill,diy, I wuuld like to ask 1\1r. 1\lin, to what extent he thinks the entrance tlow 
cuetticients obtained might be applicable to the determination of infiltration throl'gh 
eIltrances in the SUlllnll'r time in air·condItioned buildings. 

W. k. K\HI, Milwaukee, \Vis.: Fig. 8 is a chart for determining tlow coefficients for 
I"pe B-1 entrance. The angles, I presume, were measured by test or obsen'ed from 
test or frolll frames. Is allv more work going to be done on any type of entrance such 
,IS plotting the coefficient for various types of entrances so one can determine the en­
trance which gin'S the lowest cocfiicil'nt? ;\s a pre"ious discusser brought out, there 
are actually only two ways of decfl'<lsing or combatting infiltrdtion. One is changing 
the entrallce dnd the other is hy illCfl';lsillg till" nl'! supply of air. 

The SI'colld questioll is this. In ;Iny of thl'se huildinl4s was thl'n' allY attl'nlpt at 
building lip :1 positi,'c pressure in the building by static-pressure-rl'guiating the exhaust 
and supply fans? 

Other questions I ha,'e are in regard to ele"ators. \Vhat type of elevators were there? 
1101\' many werl' there? Did they haye sealed doors? 

Another qucstion is in regard to the type of building-whether of masonry construc­
tiun, 8-in. hiucks or 4-in. brick or plaster, or whelt was the type of building construction, 

Alsu in the equation, an area is shown. Is that area based on the total area of the 
door opl'llinl!; or is it based on the angular area, when the door is opened at a certain 
percentdge angle? 

E. C. l\lll.l,;,;t, I'ittsburgh, !'enna,: I want to ask why thl' tightness of the buildin~ 
is lIot indic.lted as Olle of the important factors affecting- the amount of infiltration, 
,illlY it would appear that if a building were tight enoug-h there wouldn't be any in­
filtratio/l-llo matter how tall, or how llluch updraft there might be. 

'\F1I1IJI<'" ('l.("LRE: III answering :'Ill'. Cilkey and 1\1r. \Vilson's questions, it lllust 
tirst be s.lid that it is most fortunate that this project has stich a fine group on the 
Technical Ad"isory Committee who are not only able and expl'rienced but also active 
and help/Ill. Sen'ral of the members are pioneers in the tield of infiltration. This work 
n:presellts, ill<le{'d, a joint e!Tort. 

:\s pointed Ollt by :'.1r. Cilkey, this paper does not include informatioll as to the pro­
portion of the intlltration from other parts of the building. There are many problems 
in air iniiltration. The paper, as its title implies, deals only with winter infiltration 
t'1rough swiIH:ing-door entrances in multi-story buildings. The investigation of many 
other problems such as infiltration at ,'arious levels of the building, infiltration through 
re,'olving-door entrances, entrance ('xfiltration under summer cooling conditions, and 
infiltration through ,'arious modern types of windows, is either being planned or being 
considfred by the Technical Advisory Committee on Heating and Air-Conditioning 
Loads. 

1\Ir. \\'ibnn asks to what extent the entrance coefficients obtained under winter heat­
ing conditions might be applicable to summer cooling conditions. In the u'ind tunnel 
with scale· model entrances, it was found that flow coefficients for swinging-door en­
trances under summer cooling conditions are essentially the same as those under winter 
heating conditions. This was mentioned in the progress report to the Director of Re­
search, ASI-L\I~ Research Laboratory, forthe month of August, 1957. It should be 
noted, howen'r, that whether the assumed complete reversed condition would exist 
awaih experimental H'rification. To he more specific, it means that the entrance co­
efficients slwwn in Figs. 11 and 12 in the text can be applicable to both "inter heating 
and slimmer cooling conditions, but the natural draft factor and forced draft factors 

t Pittsburgh Plate Glass Company. 
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shown in Figs. 5 and 6 may be applicable in one but not in other conditions. This 
was mentioned in research on infiltration in residences done at the University of 11-
linoist. In other words, infiltration through entrances of summer air-conditioned tall 
buildings may not be evaluated by the data presented in this paper. 

All are aware of the fact that the leakage of the cooled air is more costly than that of 
th~ warmed air, and it is desirable that further work under summer cooling conditions 
be encouraged and carried out. Also, in order to better understand the characteristics 
of infiltration, information on pressure ditferences across exterior walls of buildings 
at various levels is greatly needed. 

In regard to Mr. Parsons' discussion concerning the effectiveness of the air curtain 
in reducing infiltration, the author is inclined to think that the air curtain would be ap­
plicable only to low buildings wherein the pressure differentials existing across the en­
trances are small. I n order to overcome big pressure differentials and high velocity of 
intiltratiun air in tall buildings, air jet should be provided instead of air curtain. This 
obviously would be objectionable to passers-by. Mr. Parsons also suggested that more 
work should be done on the efiect of wind upon the pressure ditTerential in isolated build­
ings. Observations so far have shown that wind velocity at the street leYeI is smallt*. 
I n one of the field tests on a building located at the bank of a river, the observed pressure 
differentials across the entrance at street level showed little difference with appreciable 
wind and with relatively no wind. Mr. Parsons also is interested in knowing about the 
eFfect of pressurizing the building in eliminating infiltration at the entrance. The ef­
fect of blower action on the pressure difference is shown in Fig. 6 of the text. 

The author agrees with Professor Bahnfleth that at least 3 things could be done to 
control the entrance infiltration, i.e., 
1. sealing the entrance by using proper type of entrance doors provided it is economically 
and environmentally feasible; 
2. reducing the pressure differential across the entrance by pressurizing the structure 
with ventilation air; and 
3. reducing the pressure differential across the entrance by sealing or tightening other 
parts of the building envelope. 

The author also feels that additional field tests on draft factors for newer types of 
structures (presumably tighter than average buildings) are very desirable and shodd 
be encouraged. 

The author appreciates the remark made by Mr. Miles that tightness of the building 
is also an important factor affecting the entrance infiltration. It is correct that there 
should be no infiltration across entrances in buildings no matter how tall they are so 
long as their envelopes are 100% tight or sealproof. The paper showed that a great many 
conventional buildings tested, which apparently are not 100% tight, have a natural 
draft factor of 0.7. It also is mentioned that a presumably tighter-than-average build­
ing has a lower draft factor, but data are far from enough for quantitative correlation. 
In acknowledging his discussion, I would like to add to the second conclt.;sion of the 
paper that the most important variables determining the infiltration rate through build­
ing entrances are (a) building height (b) indoor-outdoor temperature difference (c) 
the quantity of air supplied and/or exhausted (d) traffic rate (e) type of building entrance 
and (f) tightness of building envelope. I believe that Mr. Miles would agree that until 
information on the criteria of tightness of building envelope and on the draft factors 
for buildings with various degrees of tightness is available, the last factor is only a quai­
itative statement, not quantitative. 

t ASHAE RESEARCH REPORT No. 1615-Measurement of Infiltration in Two Residences. Part 11-
Comparison of Variables Affecting Infiltration, by D. R. Bahnfleth, T. D. Moseley and W. S. Harris 
(ASHAE TRANSACTIONS, Vol. 63, 1957, p. 455). 

t ASHAE RESEARCH REPORT No. 1615-Measurement of Infiltration in Two Residences. Part 11-
Comparison of Variables Affecting Infiltration, by D. R. Bahnfleth, T, D. Moseley and W. S. Harris 
(ASHAE TRANSACTIONS, Vol 63, 1957, p. 460, 467, 475, 476). 

* Heat Requirements of Snow Melting Systems, by W. P. Chapman and Samuel Katunich (ASHAE 
TRANSACTIONS, Vol. 62, 1956, p. 370, 371). 
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Rq.:,miillg !\Ir. Ratai's inquiry '''luut the flow coefficients, only thuse of the typical 
.ltT,IIlgclllcnts as shuwn in Fig. 7 of the It'xt werc calculated. Actually, with the aid of 
Fig," :\-1, B-1, .1Ilt! 11-2 in the Appt·ndix, the lIow codlicil'llls of entrances with any door 
arr.lIlgellll'nt can be determined. 1100\"e\"er, thiS would not be necessary, as Figs. 11 and 
11 show that the entrance coefficients for manually-operated single-bank and vestibule 
l'II1Llilces (If \"arious arrangements du nut differ apprecialJly for a given trafllc rate, no 
11I.lller how different are the tratlic patterns. lIis other questions are concerned with 
the b.lSis of the infiltration rates and construction details of the buildings" Infiltration 
rail'S shown in Fig. 13 was based on a 3- x 7 -fl door area, i,e., 21 sq. ft. No attempt was 
mad" to sun'ev the construction details of the buildings in this investigation. 

III closing, the author wishes to thank each of the discussers for his interest and re­
Illarks, These remarks significant h" incrl'a,l' the \",tlue of the paper. The author is in­
,It-I>lt,d to AlaiJ'"llil Polytechnic IIl,tillltL- for Illilkill~ thi, presellt"tioll possible and es­
pC'('i"lly to Professor p, ]. Potter for his encouragemellt. 

No. 1644 

CORROSION INHIBITION ON TUBES IN LOW-PRESSURE 
STEEL BOILERS 

EILBAUGH* AND F. ]. POCOCK**, ALLIANCE, OHIO 

T HERE HAS been an Cl ,asing number of low pressure steel boilers installed 
in homes, apartments, spitals, and similar buildings during recent years. 

Coincidental with this increase ·n the number of boilers installed, there has been 
an increase in reported tube failu s attributed to waterside corrosion. 

Under the direction of the Engin ring Committee of the Steel Boiler Institute, 
a program is being carried out to inves . ate causes and prevention of corrosion in 
these units. It is hoped that the contro ethods developed by this investigation 
will, if practiced, lead to the practical elimi tion of corrosion difficulties and fur­
ther strengthen the position of steel boilers in field where they are already ac­
cepted as durable, economical heat producers. 

Discussions with the Engineering Committee of t SBI prior to the beginning 
of investigation indicated that the principal cause of t corrosion difficulties was 
the unavoidable presence of oxygen in the feed water an oiler water. Since de­
aeration of the feedwater is not practical or the addition of cH ical oxygen scaven­
gers is not generally feasible from a control standpoint in thes low-pressure steel 
boilers, other methods of approach to the oxygen corrosion problem ere considered. 
There appeared to be two major possible modes of attack: (1) Use chemical in­
hibitors whose operating mechanism does not rely upon reaction with ·ygen. It 
was obvious that chemical consumption by oxygen, with the consequent cessity 
of short interval chemical replenishment, would be an intolerable inconve 'ence 
for most boiler owners. (2) Use of corrosion resistant materials consistent with 
economics of the cost of low-pressure fire tube boilers. 

A major consideration in the stated approach to the problem was the require, 
ment that if chemical inhibition were to be used, the method of inhibition should 
not require the services of a skilled water-treatment service engineer. 

I t has been apparent that corrosion testing involving the use of coupon material 
in laboratory bench scale tests or in autoclaves does not afford conditions com par 

* Head. Chemical Section. Babcock & Wilcox COO, Research Center. 
** Senior Chemigt, Babcock & Wilcox Co .• Research Center. 
Presented at the Semi-Annual Meeting of the AMERICAN SOCIETY OF HEATING AND AIR-CONDITIONIKG 

ENGINEERS. :Minneapolis, June 1958. 
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