N. OZISIK

Air infiltration through doors may
cause discomfort in areas near the
doors, and thus it is desirable to
know the rate of infiltration for
proper sizing of the heating and
cooling equipment. A recent re-
search (1) supplied comprehensive
information on air infiltration
throv zh swinging doors, but only
limited data (2) are available on air
infiltration rates throngh revolving
doors. The p e of the present
investigation is to provide addi-
tional information on this subject.
The research has been carried out
at the ASHRAE Research Labora-
tory under the guidance of the
former Research Advisory Commit-
tee on Heating and Air-Condition-
ing Loads. Experiments were
made both under heating and cool-
ing conditions. With the motor-
driven revolving door, the door
speed and temperature and pres-
sure differences between indoors
and outdoors were recognized as
significant factors influencing the
air-infiltration rate. With manually
operated doors, however, additional
information regarding a represen-
tative traffic pattern and the corre-
sponding average door rpm was
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needed. The amount of air turbu- |
lence inside and outside, and the|
condition of the door seals would!
influence infiltration to a certain!
extent. The research was planned:
to determine the influence of all!
these variables on air infiltration.

TEST SETUP

A plan view of the test setup is
shown in Fig. 1. A revolving door,
6 ft-4 in. diam and 6 ft-10 in.
high was installed just inside a dou-
ble door entrance to the Labora-
tory. When the swinging doors
were opened, a typical revolving
door entrance was available for
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testing. The door was motor driven
and its speed could be adjusted by
means of a variable-pitch pulley.
The door could also be operated
manually.

A plywood partition was
erected across the entrance back
of the door, and all cracks in the
test room were caulked to make
the enclosure as nearly air tight as
possible.

The exhaust system E served
several functions. It provided a
means of producing any desired
pressure differential across the re-
volving door, it exhausted the in-
filtration air which, in a normal
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installation, would diffuse to other
parts of the building, and a nozzle
at the duct entrance provided a
means of measuring the quantity
of the exhausted air.

The recirculating system R
also served several purposes. The
air drawn from the test room was
discharged through a heating coil,
thus providing a means of con-
trolling the temperature in the test
room during the heating season.
The tracer gas was injected into
this system between the fan dis-
charge and the heating coil. The
fan handled sufficient air, and the
supply and return ducts were so
located, that the tracer gas was
well distributed and the air tem-
perature in the space was reason-
ably uniform.

A cooling system also was pro-
vided to permit a reduction of the
air temperature in the test room
during the summer tests. This sys-
tem recirculated air within the
space.

After all equipment was in-
stalled and all cracks had been
caulked, the revolving door open-
ing was sealed and tests were made
to determine the tightness of the
test room at various pressure dif-
ferentials. The uncontrolled leak-
age rate at a pressure differential
of 0.5 in. of water was approxi-
mately 40 cfm.

Methods of measuring infiltration
air — Outside air entered the test
room by infiltration through the
revolving door, and an equivalent
amount left the space either through
the exhaust system E or back out

* Note: Although wom; the seals provided
good contact with adjacent surfaces.
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Fig. 3 Observed data and
calculated curves of infiltra-
tion through revolving door
at 10 rpm (air leakages de-
ducted)

through the revolving door. These
two routes are shown diagram-
matically in Fig. 1-A of Appendix
A. The problem was to devise meas-
urement methods by which both of
these flows could be determined. It
was decided that this could best be
accomplished by measuring the
total infiltration by the tracer gas
technique, and measuring the flow
through the exhaust duct by means
of a nozzle. The flow back through
the door could then be determined
by difference.

In applying the tracer gas
method of measurement, the tracer
gas, hydrogen in this case, was
injected into the recirculating sys-
tem as previously mentioned, and
was distributed uniformly through
the test room. The gas was sup-
plied at a uniform rate which was
measured accurately by two all-
glass rotameters of different sizes
which had been calibrated, previ-
ously. :

The hydrogen concentration
in the room air was measured with
a katharometer having three sens-
ing elements. This instrument
operates by detecting changes in
the thermal conductivity of the
mixture due to the presence of the
tracer gas. The thermal conductiv-
ity of hydrogen is approximately
seven times that of air, and the in-
strument is capable of detecting
quite small amounts of the tracer.
The maximum concentration of
hydrogen used in the tests was
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Fig. 4 Effect of wind and
indoor air movement on in-
filtration for small tempera-
ture differences and door
speed of 5 rpm (air leakages
deducted)

approximately 1%, which is well
below the lower limit of flamma-
bility.

The scale of the katharometer
was graduated to read in per cent
of helium. It was therefore neces-
sary to recalibrate the instrument
for hydrogen. This was done by
mixing known volumes of air and
hydrogen in a large container, and
recirculating the mixture through
the sensing elements of the instru-
ment.

A preliminary survey indicated
that the concentration of hydrogen
was quite uniform throughout the
test room except in an area within
about 3 ft of the revolving door
opening, where the mixing of the
room air and infiltration air was
taking place. In all later tests, the
hydrogen concentration was meas-
ured at the 72-in. level at point A
in the test room and at point B in
the exhaust duct. In tests with the
exhaust fan operating, the concen-
tration at both points was essen-
tially the same (see Fig. 1).

Rapid diffusion of hydrogen
into the air in the inside segment
of the door would introduce errors
in the results. However, estimates
indicated that this diffusion rate
was quite small. The method of
calculating the infiltration rate
from the tracer gas concentrations
is explained in Appendix A.
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Fig. 5 Infiltration through
revolving door at 10 rpm
(air leakage through seals de-
ducted)

Flow in the exhaust system
was determined by a nozzle located
at the duct inlet as shown in Fig. 1.
The nozzle size was varied from 1
to 7 in., depending upon the rate
of flow to be measured.

Other instrumentation—Differential
pressures were measured with draft
gauges. The outdoor pressure was
obtained with a small static tube
extending approximately 3 in. from
the face of the wall.

The air temperature at several
locations and elevations in the test
room was sensed by copper-con-
stantan thermocouples. These were
connected to an- indicating elec-
tronic type potentiometer.

A vane type anemometer lo-
cated about 5 ft outside the door
opening was used to measure the
wind velocity. Air velocities in the
test room were measured with a
heated-thermocouple ane-
mometer about 3 ft away from the
door.

TEST PROCEDURE

After all equipment was in opera-
tion and final adjustments were
made for door speed, room air
temperature and pressure, enough
time was allowed for the room air
temperature to reach steady condi-
tions. This usually required from
one to two hr. Hydrogen was
then introduced into the room at a
rate which usually would give a
reading on the upper half of the
katharometer scale, which for hy-
drogen covered a range from 0 to
0.7%. The actual test would be
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Fig. 6 Infiltration through
revolving door at 5 rpm (air
leakage through seals de-
ducted)

started, about 15 min later, after
the hydrogen concentration level
had become stable.

During the 15-min test period,
air temperatures and pressures, and
rotameter and katharometer read-
ings were taken at fixed intervals.
The wind velocity and the door
speed also were recorded.

Tests were made under both
heating and cooling conditions. In-
door-outdoor air temperature dif-
ferences up to 60 F could be ob-
tained in winter, while in summer
the indoor temperature could be
held as much as 30 F below the
outside air.

The test program was planned
to permit the evaluation of all of
the important variables, including
door speed, indoor-outdoor tem-
perature and pressure differentials,
indoor air motion and outdoor wind.

Analysis of air infiltration through
revolving doors — For the purpose
of analysis, air infiltrating through
a revolving door can be separated
into two components: One, compo-
nent A, is the infiltration through
the cracks between the door hous-
ing and door wings. The amount
of this component depends upon
the width and length of crack and
the pressure difference between in-
doors and outdoors.

The other compouent, B, is the
air infiltration related to door move-
ment. When a segment of the re-
volving door filled with cold out-
door air is turned to the warm
room side, circulation starts be-
tween the room and the segment
air due to the density difference.
A similar air exchange takes place
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B

at the opposite segment of the door
with the outdoor air. The amount
of this component of infiltration
dépends upon indoor-outdoor tem-
perature difference, door speed and
door size. Furthermore, indoor air
motion and outdoor wind were
expected to influence this infiltra-
tion. An analysis of this problem
and the derivation of an analytical
equation for calculating air infiltra-
tion related to the door movement
is included within Appendix B.

TEST RESULTS

Infiltration Component A: Air leak-
age past door seals due to pressure
differential — Infiltration past door
seals depends upon the closeness
of fit and the pressure differential.
To investigate the magnitude of
this infiltration, tests were made
with two sets of new seals and one
set of worn seals. The door was
not revolving for these tests but
was adjusted so that either two
wings or four wings of the door
were touching the door housing.
Fig. 2 shows the magnitude of in-
filtration for pressure differentials
up to 1 in. of water. These infiltra-
tion rates were corrected for room
air leakage. With both new and
used seals there were no visible
cracks. Where visible, crack size
can be estimated and the infiltra-
tion may be found from Fig. 10 of
Reference 1. Data on pressure dif-
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terentials for buildings can be
found from the same reference.

Infiltration Component B: Air ex-
change related to door movement—
Experiments were made with con-
stant door speeds of 1, 2, 5 and 10
rpm, for various indoor-outdoor air
temperature differences. The effect
of indoor-outdoor pressure differ-
ence on the door movement com-
ponent of infiltration was investi-
gated in some of the tests by oper-
ating the exhaust fan and creating
a pressure difference up to 1 in. of
water while the door revolved. The
air infiltration rates, obtained under
the above conditions, were ad-
justed for infiltration past seals (two-
wing contact) and test room leak-
age due to pressure difference, and
the results were plotted in Fig. 3
as a function of indoor-outdoor air
temperature difference for a con-
stant door speed of 10 rpm.

These plotted values were
found to be practically independ-
ent of the pressure differential.
This is shown in Fig. 3 by the
proximity of the squares and cir-
cles which are the symbols for
tests with and without pressure
difference. The upper curve of Fig.
3 shows calculated infiltration rates
neglecting the inertia of the air,
and assuming still air conditions
both indoors and outdoors. In cal-
culating the lower curve the effect
of inertia was included. This curve
follows the observed data but lies
below the points.

However, in the experiments,
air motion indoors and wind out-
doors were expected to increase
the infiltration. Moreover, summer
data showed higher infiltration
rates than the winter data. The
only difference in the test setup
was the cooling blower used in the
summer tests which caused higher
indoor air velocities. The blower
was then used for heating tests
(coil not cooled) and the effect of
air velocity on infiltration was veri-
fied. The experimental points in
Fig. 3, representing the data with
indoor air movement averaging
about 90 fpm with the door station-
ary (triangles for summer and dia-
monds for winter data), are higher
than those in which the average
velocities were about 25 fpm
(squares and circles).

Wind velocities 5 ft outside
the door were quite low, usually
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Fig. 8 Operating time and
average rpm vs, traffic rate
for seven manually operated
revolving doors

less than 2 mph, while at about 10
ft from the door limited data show
the velocity to be about twice as
high. The data in Fig. 4, for quite
small indoor-outdoor temperature
differences, show the effect of wind
velocity and indoor air movement
on infilration rates. The curves
were calculated as described in
Appendix B, based on the assump-
tion that the heads due to the aver-
age non-directional air movement
and wind velocities have the same
effect on infiltration as equal heads
due to temperature differences. The
trends, if not precisely the magni-
tude, of the calculated curves in
Fig. 4 are in agreement, and thus
this premise was assumed to ap-
proximately represent the effect of
wind and air motion.

Figs. 5 and 6 show experi-
mental points, and curves calcu-
lated for various indoor air move-
ment and outdoor wind velocities.
The approximate indoor air move-
ment for the test points is indicated
by the symbols; however, the wind
velocities are not identified. ,

The infiltration rates shéwn by
the solid curves in Fig. 7 are for
an indoor air movement of about
35 fpm and a wind velocity of 2
mph. The maximum wind velocity
normal to the entrances at the curb
line was reported by T. C. Min' to
be about 2 mph when the wind
velocities at the U. S. Weather Bu-
reau were 20 mph. The dashed
curves represent the infiltration
with extremely high wind velocities
which might cause one hundred
per cent air exchange in the out-
side segment of the door.

FIELD TESTS

Fig. 7 shows the infiltration which
may be ekpected as a function of
temperature difference and con-
stant rpm of the door. Thus, it
shows the performance of a motor-
operated revolving door. To obtain
inforrnation on manually operated
revolving doors, a series of 19 field
tests was made on seven revolving
doors in Cleveland. Data recorded
by two observers included the
elapsed stop watch time for a given
number of door revolutions (50 or
10v), time during this period when
the door was idle, and a count of
the number of people passing
through in each direction. The
traffic rates varied from 160 to
1770 people per hr. The two curves
of regression in Fig. 8 show the
relationship found from the field
tests between traffic rate, and aver-
age rpm and operating time.

Infiltration (Component B) through

‘manually-operated and motor-

driven revolving doors — The infil-
tration through manually operated
doors for a given traffic rate was
taken as the product of the oper-
ating time from Fig. 8 and the in-
filtration from Fig. 7 determined
for the average rpm given in Fig.
8. To substantiate this method,
three tests were conducted at the
Laboratory with summer cooling
conditions and with Laboratory
personnel passing through the re-
volving door, manually operated,
at traffic rates ranging from 1075
to 1975 people per hr. While this
random traffic pattern was main-
tained, the tracer gas was being
used to measure the infiltration.
The observed infiltration, 400-450
cfm, was lower by about 10% on
the average than that predicted.

The infiltration through man-
ually operated revolving doors is
shown in Fig. 9. The wind velocity
was taken as 2 mph, but a few
dashed curves for maximum wind
velocity are given to show the
probable upper limit of infiltration.

For motor-driven doors the in-
filtration rates can be found from
Fig. 7.

EFFECT OF PEOPLE

In a series of tests the doors were
motor operated with none, one,
two or four of the door segments
occupied by people walking around
continuously without leaving the

ASHRAE JOURNAL




space. The infiltration under these
conditions was found to be lower
by approximately the volume of
the people occupying the space.
However, when a person steps into
the door space, he displaces part
of the air in the space, and when
he leaves the space on the opposite
side of the door, an equal volume
of air must replace him. This ef-
fectively increases the infiltration,
counteracting the decrease caused
by the occupancy of the door
space. Calculations show that the
effect of people on infiltration is
small and can be neglected.

Example of infiltration calculation—
Given: A building has a pressure
differential of 0.46 in. of water
when the indoor air is main-
tained at 75 F and the outdoor
at zero F. Find: The infiltra-
tion through a manual revolv-
ing door when the traffic rate
is 1000 people per hr.
Solution: From Fig. 9 the infil-
tration rate due to the temper-
ature difference of 75 F is 750
cfm. The infiltration through
door seals due to the pressure
differential of 0.46 in. of water
is 250 cfm from Fig. 2 for two
wings and womn seals. The
total infiltration is 750 + 250
or 1000 cfm.

Second Example —

Given: The same conditions as in
the previous example except
that the door is motor driven
and operates at a constant

- speed of 10 rpm.

Solution: The infiltration due to
a temperature difference of 75
F is 1040 cfm as taken from
Fig. 7. The infiltration due to
a pressure difference of 0.46
in. of water is the same as in
the first example, making the
total 1040 + 250 or 1290 cfm.

DISCUSSION

All calculated infiltration curves
and experimental data were based
on the standard air density of 0.075
Ib per cu ft. The calculated curves
were not adjusted for the change
in volume of the infiltration air due
to temperature change as it passes
from the outdoors to the indoors.
Moreover, the infiltration rates
found in the various figures which
are a function of temperature dif-
ference were based on winter con-
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ditions. The same temperature dif-
ferences for summer conditions
would correspond to slightly lower
density differences. It was felt that
the refinements for these changes
in air density were not necessary
and would only complicate the
presentation of the results.

One would expect that the
motion of the door would tend to
increase the crack area between
door seals and the adjacent sur-
faces and thus increase the air
leakage past the door seals due to
pressure difference. The data
showed only insignificant changes
in crack leakage with door move-
ment,

The effect of air movement in-
doors and wind outdoors on infil-
tration was not rigorously inveésti-
gated, as this would likely require
an extensive research project in it-
self. However, the assumption that
air velocity heads in the boundary
spaces were equivalent in effect to
heads produced by temperature
difference is a correction in the
proper direction to the infiltration
calculated for still-air conditions.

The centrifugal force of the air
in the door segment was estimated
from the difference in density of
the incoming and outgoing air of
the segment and the door speed.
This effect was neglected in the
final analysis since the magnitude

of the force eyen at the higher rpm
(10) was less than 10% of the tem-
perature head.

In a few tests, heated air was
introduced into the inside segment
of the revolving door, through the
opening provided for a luminaire
in the ceiling of the revolving door
housing. The rate of air entering
through this opening was about
250 cfm. With but extremely lim-
ited data, a definite conclusion can-

not be drawn; however, the infil-.

tration rates deduced from these
tests at 10 rpm were close to the
values given by the upper curve
of Fig. 5.

CONCLUSIONS

Infiltration through a revolving

door can be estimated by combin-
ing the air leakage past the door
seals with the infiltration related
to the revolving of the door. The
magnitude of air leakage through
the seals of the door is the result of
the pressure differential across the
building entrance and the size of
the openings at the seal. Revolving
the door causes an exchange of in-
door and outdoor air of approxi-
mately equal volume. The amount
of this air exchange depends upon
the door speed and the temperature
differential and somewhat upon the
wind and indoor air velocities.
Infiltration due to air leakage
past the seals of the door is given
in the paper as a function of the
indoor-outdoor pressure differen-
tial. Infiltration related to the door
movement also is given for a motor-
driven revolving door, and for a
manually operated door for traffic
rates up to 2000 people per hr.
Data given in this paper are
based on the use of door seals
which provide good contact with
the adjacent surfaces. If seals de-
teriorate to the point that good
contact is not maintained, leakage
past the seals will increase greatly.
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APPENDIX A
Infiltration rates from tracer gas measurement

The hydrogen and air flow-circuits in the test room are
shown in Fig. 1-A. The hydrogen flow paths are desig-
nated as Qar the total steady rate of hydrogen introduced
into the room, Qup the rate of hydrogen flowing out of the
room through the duct, and Qmo the net rate of hydrogen
passing out through the revolving door. The air entering
the test chamber is Qa: through the revolving door, and
Qu the leakage through walls, etc. Air leaves the cham-
ber via the revolving door Q.o and the exhaust duct Qav.
C. and Cp are the concentrations of hydrogen in the space
and in the exhaust duct.

By volume, balances on

hydrogen Qar = Qao + Q=o A-1
and on air Qur== Qo + Qa»— Qu A-2
The measured concentrations are
Qzo
in space C; = —M—— A-3
Qo0 + Qro

where from Eq. A-3 and A-1

1—C, (1—C,> Q Quo)
QAO-—-( C. ) QHO-—— c. HT =~ g HD A-d

and in duct

Qs Qap
— = A-5
Qap + Qmp Qo
from which
Qap = Co Qo A-6
from A-5 and A-6

Co

APPENDIX B 3
Calculation of air infiltration componént B through a
revolving dogg .

Let a revolving door having 4 segments rotate at a uni-
form speed, N, in the direction shown in Fig. 1-B. As-
sume outside air is colder than room air.

Consider a quarter-section OAB having its leading edge
OA along ox reference axis # — O. At this moment,
assume that air in the segment has a uniform tempera-
ture between indoor and outdoor air temperatures. At
time ¢ let the segment be at position OA,, and the volume
of warm air entering into the segment during the time
interval ¢ be q. Assume air displacement is taking place
as the result of buoyancy due to cold air in the segment
and warm air in the room, and that warm air entering

the segment is collecting in a uniform layer at the top
of the segment. At the time 6, the rate of change of q
can be expressed as follows:

dq .

——=CA V2gh B-1

de

wheres .
A — area of opening
h — head of air
C — flow coefficient

In this equation, both A and h are functions of ¢ and q.
Therefore, in order to solve equation B-1, A and h are to
be expressed in terms of q and 4. As area, A, first
increases and then decreases during a complete cycle,
the equation can be solved separately for the two time
intervals defined as follows:

1. “Opening-cycle” corresponding to the time interval:

: 1
a=0to§ = —

4N
Qao o
Q= (1—Cp) = (1—GCo) Qo A-T 2. “Closing-cyele” corresponding to the time interval:
> 1 1
ituti -6 i - 9= to g = ——
Substituting Eq. A-6 into A-4 IN oN
1—C . . . .
— * First, consider the opening cyecle. For this cycle, h and
Q‘“"—( C ) (Qur — Cs Qo) A-8 A can be related to q and ¢ as follows: '
and substituting Eq. A-7 and A-8 into A-2 h=h, V—a B-2
1—C, v
Qai = (Qur — Co Qo) + Qo (1 —Cp) — Qr A-9 V—gq
Cs A=% L (2% RNg) B-3
The infiltration was determined from Eq. A-9 for ob- h
served values of C, and Cp from katharometer measure- W €T¢ h, = head when 8 = O
ments, Qar from rotometer readings, and Qo from nozzle o -
information. Q. was determined by measurement and V = Volume of the door segment :
its relation to indoor-outdoor pressure differences. For Substituting B-2 and B-3 in B-1: :
tests without pressure differences the exhaust volume — »
Qo was zero and Q. was assumed to be zero. dgq V—q V—q
——=—=CL7RNg¢ 2 gh, B-4
de A% A%
2000
T e /; Y . .
L satineared aie’] | Fig. 2B Air exchar'xge from . 500l %
r ; 1 one side of revolving <}oor 9 i
i ; i into door segment (includes 2
H . 4 1000~
‘ { ' inertia effect), 5
; ) C 5
E ’ 3 so0 -
| !
R
! : & LZ?:%GE 5 F 3 3 ; 1]
; ‘ ° VAT
_1_\ Fig. 3B ‘P}OI%
TIMEsO PR\
o INSIDE \/ \ OUTSIDE
TIME-8 7 ] |
- { . |
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1 1
ing the closing-cycle the time interval is — <6 = ——
During the closing-cy e pve
1
For convenience take —4§~ as zero @ for reference purpose,

thus the value of A for this closing cycle is
V—a

v

B-5

1
A=%L27RN (————0 )
4N

and equation B-4 becomes

d 1 V-—gq V—aqa
__1=0L7TRN( —a) J2gho
de AN v v

B-6

Inertia effect—In the foregoing derivation the inertia of
air in the segment, that is, the head lost in accelerating
this mass of air from initially zero to some finite velocity,
was not considered. In a door segment, the inertia head
at a time 6 can be approximated as follows:

1 L dv

h=— — —

—Zg dé

where L/2 is used to be consistent with ho, which is de-
scribed later

B-7

since
dq dv 1 d’q
vA, = or =
de de A, d¢
and
v
A=
L
then
L2 dzq
h| = ——— B'8
2gV d¢

and the actual head causing infiltration at any time ¢
would be the buoyancy head given by equation B-2 less
the inertia head given by equation B-8, that is

V-—q L} d4q

Actualhead=h —hi=h, —_ B-9
Vv 2gV ds*
Equation E-4 for the opening cycle hecomes:
d V— V—q L dq
4 = K¢ 4 ‘/ — B-10
de v A% 2gVh, d¢*
and for the closing cycle
dg ( 1 )V——q JV—q 1} d’q
—K{ ——0 —
de 4N v v 2gVh, dé
where
K=CL+RNV2gh,
B-11
The head at the beginning of the opening cycle is
Pro— P
ho= % L— = B-12
P
where

pso = density of air in the door segment at the begin-
ning of the opening cycle
p1 == density of air in room
p = reference density of air 0.075.

Fig. 2-B shows the air exchange rates for all four
segments as calculated by equations B-10 and B-11 for
assumed values of air temperature in the segment and
indoors or outdoors. Note it does not represent the net
infiltration but merely the amount of air entering or
leaving the door segments.

In Equation B-12 the determination of p:., the density of
the air in the door segment, for a given indoor-outdoor
temperature difference, requires a knowledge of the air
temperature in the space. Thus in Fig. 8-B, t.. iz the
air-space temperature just after closing. By inspection
of the figure, equations can be written as

tu = fo to ’:*‘ (1 - fo) tu B"13

NOVEMBER 1961

and - -
t“:fx t + (1—f|) t-o N B-14
where
fo= (Air displacement as fraction of segment
volume when segment is exposed to outdoors) =
Qo + Qe
———— outdoors B-15
f1 = (Air displacement as fraction of segment
volume when segment is exposed to indoors) =
do + Qe )
=== indoors B-16
Combining equations B-13 and B-14
1% 1—1f) fte
fom 0+ A — 1 B-17
1— (1—1) (1—1£)
and foto+ (1 —1%) f1t
. o to + s) I1th B-18

Tl (£ (1—11)

The temperature of Segment I depends upon the rela-
tive quantity of indoor air m;, and outdoor air, m. in the
segment.

timr 4 tom, timr + temo

80 — = B-19
mr 4 m, V (volume
of segment)
and similarly :
timur + tom’s t mm 4 tom’s
tae = = B-20

mix - m’s ) Vv
From Equations B-18 and B-19 the amount of indoor
air in Segment I is
fi(1—15)V

T1—(1—f) (1—1£)

where for convenience, t. was assumed to be zero.
Similarly from Equations B-17 and B-20 the amount of
indoor air in Segment II is

v

I (1—1) —1)

The difference in the quantity of indoor air in the out-
going and incoming segments is the net infiltration. Hence,

Infiltration per segment per revolution = mu — mr =
f. £V

1— (1—1f) (1—1))
the door becomes

AN £,V
Q= , cfm
1— (1—1) (1—1£)
In addition to knowing the infiltration through the re-
volving door the corresponding indoor-outdoor temperature
difference must be found. By subtracting both sides of
Equation B-18 from t: it becomes

1,

1—(1—1f) (1—1)

Also by subtracting t. from both sides of Equation B-17
and dividing this result by Egquation B-25, an equation
is found which may help in visualizing some of the tem-
perature and infiltration relationships.

t.c -— to fl

tl _ tlo fo
Fig. 2-B shows air displacement rates for the entire door
(i.e. 4 segments) and for (N) revolutions of the door
as a function of AT. For a given AT the (f) values can
bﬁ'determined from Fig. 2-B with the following relation-
ship: ‘

B-21

mg

B-22

mu

and the infiltration rate through
B-23

B-24

(tl —_— tlo) et B‘25

(tl ‘_tu)

B-26

¢fm from Fig. 2-B
f= . B-27
4V N :
where 4V was taken as 218 cu ft .for the revolving
door used in the tests. :

For a given value of t; — t.., the net infiltration rate Q,
and the corresponding indoor-outdoor temperature differ-
ence (ti— t.) can be determined as follows:
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1. Assume t, — t.. and obtain cfm (inside) from Fig.
2-B and determine f; from Equation B-27.

2. Assume fo. Where buoyance effects alone determine
the infiltration, it is logical that fo—"{f..

3. Knowing f: and f., determine infiltration from Equa-
tion B-24 and t, — t. from B-25.

Effect of turbulence and wind—By definition, the factors
f. and fi represent the fractional air displacement of the
segment volume when the segment is exposed to outdoors
and indoors, respectively. This air displacement is caused
by the temperature difference, in the absence of any ex-
ternal air turbulence or wind. Any external air move-
ment will increase the value of f, or fi.

An approximate solution to the effect of air movement
on inflltration was made by assuming that the average

nondirectional air velocity head 2—-, was equivalent in its
g
effect on infiltration to a buoyancy head of equal magni-

tude. For convenience, since curves of infiltration rates
were plotted against the square root of the temperature

goozé turbulence and outdoor wind equ«ivalent'temﬁerature
eads.

To solve for the infiltration th¥ough the revolving door
with a turbulence head inside of ATr and wind outdoor
equivalent to ATw a trial and error solution was used
as follows:

1. Assume (tl——t-o) and AT..
2. Find efm; and thus (fi) from Fig. 2-B for
V(th —te) + ATG
3. Assume f..
4.f Find V (fse — to) 4+ ATw from Fig. 2-B for assumed

5. Calculate (t:c—to) from Equation B-26

if [(tle—‘to) from Step 5] > [(tle—to -+ ATW) from
Step 4] then a new value of (f.) in Step 3 is required.
6. Solve for ATw = [ (tic —to) + ATw] — [tse —to].

7. Calculate (ty—t,) from Equation B-25.

8. Calculate infiltration from Equation B-24,

From this procedure the indoor-outdoor temperature
differential was found in Step 7, (reference t.=— zero)

difference between door segment air and room air, Fig.
2-B, the velocity heads were converted to temperature
Thus ATr and ATw were designated in-

difference heads.

REFERENCES

1. ASHAE Research Report No, 1643, Winter

Infiltration Through Swinging-Door Entrances
in Multi-Story Buildings, by T. C. Min
(ASHAE Transactions, Vol, 64, 1958, p. 421)

2, Infiltration Problem of Multiple Entrances .

for the infiltration rate determined in Ste
indoors of ATr and wind outdoors of AT,
the curves of Fig. 7 were constructed.

8, turbulence
n this manner

by A. M. Simpson and K. B. Atkinson
(ASHVE Journal Section, Heating, Piping &
Air Conditioning, Vol. 8, No. 6, June, 1936,
p. 345-351)

BULLETINS

Heating Controls. Introduced in 98-
page Catalog 608.426 is an extensive
line of heating controls, among them
Sheer-Line room thermostats, which
offer choice of fixed or adjustable heat
anticipation; mercury switch, snap-
action or thermopoised contacts; 24-
volt, millivolt or line voltage models.
Also presented is the Midgitrol line
of compact gas valves, which includes
a variety of interchangeable operators
(24-volt, millivolt, solenoid or bulb
and capillary) mounted on a single
integral body.

General Controls Company, 801 Allen
Ave., Glendale 1, Calif.

Variable-Speed Sheaves. Sixteen-page
Bulletin 25103 discusses in one booklet
two types of motion-control variable-
speed sheaves, previously covered in
separate catalogs. Sheaves illustrated
and discussed include MS units, rated
at 2 to 15 hp, and MCS sheaves, rated
at 7.5 to 20 hp. Also covered are
Sure-Grip companion pulleys and
sheaves, variable-speed belts, motion
control motor bases and Quick-Slide
motor bases.

T. B. Wood’s Sons Company, Cham-
bersburg, Pa.

Make-Up Air Systems. Presented in
eight-page Bulletin DF-200 is an
analysis of the need for and the basic
steps to follow in designing make-up
air systems. This is the first in a
series of handbooks to cover discus-
sions of industrial, commercial, insti-
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tutional and other specialized appli-
cations of direct-fired gas heating
equipment. A special section covers
duct furnaces and blower assemblies
especially suited to make-up air sys-
tems.

Reznor Manufacturing Company,
Mercer, Pa.

Adjustable Pumps. How the tankless
Accu-pressure system maintains con-
stant steady water pressure in hotel,
apartment or commercial buildings is
discussed in four-page Bulletin 08C-
9989. This flexible, adjustable pump
system, which minimizes potential
water hammer, can be used to sup-
plement constant speed pumps, main-
tain proper operating characteristics
in hydronic heating circuits, or syn-
chronize constant pressure, tempera-
ture, low or liquid level with process
rates and changes and integrate them
with existing control systems.
Allis-Chalmers Manufacturing Com-
pany, Milwaukee 1, Wisc.

/?
Steam Coils. Catalog 305 offers in its
32 pages information on Type 5
steam coils, including such features
as staggered tube design, copper tube
headers, mechanical pressure bond
and rippled~corru§ated fins. General
engineering specifications, coil selec-
tion, coil performance and pipin
data are covered. Charts, tables and
diagrams are available for selection,
performance and piping,
McQuay, Inc,, 1600 Broadway St.
N.E., Minneapolis 13, Minn,

Centrifugal Fans. Compact design
of these cast-housed fans suit them

for use in exhausting fumes from
chemical laboratories or for any ex-
haust purpose where low volumes are
encountered. Cast, radial bladed
wheels are dynamically balanced and
mounted directly on the motor shafts.
Listed in Bulletin GP-100 are four
sizes with nine capacities, suitable for
an extensive range of applications.

General Blower Company, Subsidiary
of Ilg Electric Ventilating Company,
8618 Ferris Ave., Morton Grove, Ill.

Liquid-Tight Conduit. Four types of
Sealtite flexible, liquid-tight wiring
conduit are described in four-page
Bulletin S-544. Information contained
includes diameters, weights, construc-
tion and advantages.

Anaconda American Brass Company,
Metal Hose Div, P. O. Box 791,
Waterbury 20, Conn.

Sound Survey Meter. Hand-held, the
Type B meter is transistorized and has
been designed for one-hand operation.
Flyer K-I8C explains advantages of
this miniature instrument and states
that the meter has excellent stability
and is free from tube microphonics.
Korfund Company, Inc., Acoustics &
Instruments Div., 53d Cantiague Rd.,
Westbury, N. Y,

Pump Fundamentals. Non-technical,
this 16-page bulletin provides an ele-
mentary outline of the characteristics,
operation and selection of reciprocat-
ing, rotarv and centrifugal pumps.
Definitions, basic formulas, examples
and miscellaneous data are included.
Goulds Pumps, Inc., 226 Black Brook
Rd., Seneca Falls, N. Y.
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