
INFLUENCE OF STACK EFFECT ON THE HEAT 
LOSS IX TALL BUILDINGS 

\HE purpose of this paper is to present the results o i  investigations made 
in the Penobscot Building, Detroit, hlich., to determine the influence 
of stack effect on the heat loss from a tall building. The tests con- 

ducted in this building are the first in a series to be made in investigating this 
subject, and the results should not be interpreted as applying to any building 
until additional tests with other buildings have shoxvn similar agreement be- 
tween the calculated heat loss and the heat input as determined by test, The 
Investigations are to be carried on during the nest heating season at Detroit, 
and it is hoped when these tests are completed that the influence of stack 

 effect on heat losses in tall buildings may be properly accounted for. 
By stack e f e c t ,  as applied to tall buildings, is meant the pressure difference 

existing between the inside and outside of a building due to the temperature 
difference. This pressure difference tends to increase the inflow of air on the 
lower floors of a building by adding to the wind effect and opposes the effect 
~f the wind a t  the upper floors. For any given inside and outside temperature, 

ressure difference a t  any elevation is theoretically proportional to the dis- 
this place is from the neutral 2dne.l 

The  work is being done in cooperationrwith the Technical -Atlvisory Corn- 
nictee on Heat Losses irom Buildings of the & \ ~ I E R I C . ~ X  SOCIETY OF HEATISC 
 is^ VEXTILATIXG ESCIXEERS. I t  was made possible throuzt~ the courtesy of 
he owners of the Penobscot Building and. the building enyineer, Mr. G. M. 
Lewis, who made available space for the study rand assisted in every manner 
~ossible; and the Detroit Edison Co. who installed all the test equipment, made 
.i1 the arrangements, and collected the test data. 

I 
THE BUILDIXG 

The Penohscot Building-, Fiq. I ,  is a motlerrl 47-story office l)uii(linq located 
t the  corner of Griswoi(l and Fort Streets, Detroit, l l ich.  It is 565 ft from 
:reet level to roof, has a volume of 6.858.360 cu ft, and contains 73,330 sq ft 
E direct radiation and 19,250 sq ft of erluiv;llcnt radiation in Enn coifs. - 

" .\osociate Professor o f  ?&-chanical E n g i n e r i n g .  I-niversitv nf  JIichigan. 
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'I'hc wi~ul  vzltxi~y pl dircdion, the 11cr CCIIL uf ~wssible. sunsl~itte, the 
Ir irr~r~~n~tric ~~rc*ss~~r t t ,  ;III. . I I ~  trl~tsitlc i o ~ ~ r l ~ e r ; ~ t ~ ~ r e  werc ~rbtili~letl fro111 t l ~ e  local 
\vt-;tll~rr I)~~rc;tu, rvl~irl~ is l u c i ~ t ~ * ~ l  i1t the h4;tjr~atic Uuildillg ahbut 111ree blocks . \ 
I l h c  o~~t?iitlc ic11111cri1111rc trlrt;~i~~ctl Iry t l ~ c r ~ ~ ~ o n ~ e t c r s  S I I S I I C I I I I C ~  otttside 
Lllc wi~l~luws i ~ t  thc vitrio~ts Iloors :]In1 O i l l .  ;~w;ty fro111 tllc wall surface were 
11acd ill ci l lculi~ti~~g tllc I~cirt loss. 'I'hcsc tcn1l~cr;ltures werc practically idelltical 
will! the tenlperiltures rcportctl by tllc weatller bureau. 

An attcnlpt was made to measure the a~rloullt of infiltration or  exfiltration 
Iroun the test rooln by replaci~lg the trirllsonl over the door wit11 a tight fitting 
I~oi~rd  tllat Ilnd a one square foot opening, a l ~ d  measuring the velocity at  this 
l~lilce wit11 an ilnelno~ncter. l'hc velocities in all cases were too low to move 
the ancniolneter wllccl. The  infiltration figures used in the calculations were 
based on tile results of, Air Leikage Studies on Metal Windows, by Houghten 
ilntl O'Connell a correspo~lding to the actual pressure drops measured across the 
wi~~dows.  'I'he pressure difference was ~neasurcd with an inclined draft page 
conr~ectctl to colrpcr tl~lrillg tl~itt ux te~~ded  1I1rougI1 a IloIe drilled in the window 
S ~ I S I I .  

~(EsULTS 

The princil~i~l CCLUI~S itrc l ~ r r n r ~ ~ ( e d  ill Table 2. Column 5 gives the heat 
i111)ut in Utu per hour froln tllc stcitnl to nl;rintai~l the test roolns at  the 
tclllllcl.;llures il~dici~tetl ill Colul~ln 3 Iur the various outside temperatures listed 
il l  Colun>n 14. The figures in CU~IIIIIII  5 include the necessary corrections for 
any llcat loss or gilin fronl o r  to tile surruullding rooms. 

Colullln 6 is the 11c;lt inl)~lt fro111 st~il111 corrected to a conllllon inside tern- 
~)erirturc of 72.6 1:. ( ' U ~ U I I I I I  6 is ubt;ti~lc~l by nlultiplyillg the values in Column 
5 by the r;ltio of 72.6 1; l l~ i ln~s  tile orlrsitle tcn1per;lture over the actual tem- 
perature difference between inside ;lad outside. The  temperature 72.6 F is the 
;tverilge roo111 telllpcrilture for ;ill tests. 

1'011111111 7 shows Ille ; ~ I I I I I ~ I I I ~  01 11c;1t wllicll woultl be necessary to n~t~intain 
lhe lest roolns on lllc vil~.iul~s Iluurs i ~ t  72.6 I:, if the exposed wall a ~ t d  glass 
; ~ r c ; ~ s  wcrc the S:IIIIC ;is tllo 8th floor test roo111. 

'I'llc c;~lculiitctl I r i r n s ~ ~ ~ i s s i o ~ ~  loss, CJIIIIIII~ 8, is the SUIII of the qua~ltities 
t~l~t;tilled by t ~ l ~ ~ l t i p l y i ~ ~ g  the ilreil i l l  s ~ ~ ~ ~ a r e  lcet of exposed wall ill14 tllat of 
alitss by t l~cir  rcslbcclivc t r ; t n r ~ ~ ~ i s s i u ~ ~  ctrclliciu~~t ( U )  111111 by the tctllperilturc 
clilTcrcnce between tllc air illside a1111 t ~ ~ ~ t s i d c .  'lll~e tcmperiiture difference is 
72.6 1: minus the outsitlu telnl~er;lturc. 

'I'llc t r ; ~ ~ ~ s n i i s s i o ~ ~  cucllicient ( U )  is 
1 (J = ---.-------- 

.!+.!+f!+.X_I+X' 
h fo  kd k a  ka 

in ivlricl~ 
band fi 3 S~lrface ~ ~ e i l i ~ i e l ~ t s .  

k ~ ,  ka, etc. = 'I'llc co~~rhrclivity of tllc rrulrcctivc material. 
a,, xr, etc. = Tlle thickness of thc variuus rllaterisls in incl~es. 

The outside wall of the 8th Woor test roo111 has 38.1 sq ft of stone veneered 
wall and 19.5 sq f t  of a recessed Iciicl spillldrel co~~structiotr. The stone - 

'A .  S. 11. V. E. T u A N u c T l o ~ s ,  Val. 34, 19211, y. 321. 



1:lc. 7. CULII~.AHISUN or CAI.TUL.+TU) ~IYAT LOSS AND ACTUAL 
IIHAT IMIJUT TO ~ ~ A I N T A I N  TEST ROOMS A,C 72.6 F 

111e 8111 floor root11 is  25.6 sq i t .  'The t r : ~ n s n ~ i s s i u ~ ~  coc l l i c ic !~ l  l o r  1l1e stollc 

veneered seclioli, u a i ~ ~ g  values iron1 'TIIL CIIIIIE 1934 is 

1 
;111{1 i i ~ r  IIIC I.CCCSSC~ s l  .... &el wa l l  

, = - - 1 -  0 370 l l t u  per hour per up f l  per .L.+l.+L+!+G 
165 60  3.3 5 111 

' I ' l~c I,JI:II I~;LIISIII~~S~OII loss ill B t u  per hou r  per  degree ten~perature 
i ( ~ r  l l ~ c  c s l ~ ~ ~ s c i l  w;lll i lnd  g l~ l ss  o f  I l ~ c  8I11 f loor test r oom is  equal t o  

dep. 

difference 

urcllcc f u r  

1 u- = 0.208 n t o  per l ~ o u r  per sg II per clcg. 
A + l  +.! +!?+..! 
1.65 6.0 3.3 5 12.5 

' h e  met l lod eniployed ill c a l c u l a l i ~ ~ g  the t ra~rsn~isu ion loss for t l le  8 th  floor 
test r o o m  was also used in calculut ing the transmission loss f o r  the 21st and 



T h e  reason f o r  the large difference in the two curves portraying the calculated 
heat loss is due t o  the two different methods used in calculating the infiltration 
loss. A s  has already been pointed out, actual pressure drops across the window 
show the 21st floor to be a t  about the neutral zone, while THE'.GUIDE method 
assumes the neutral zone to be a t  mid-height or  29 f t  higher than the 21st 
floor. This  29 ft, plus the 15 mile normal wind used in THE GUIDE method of 
determining the infiltration loss, is responsible for the difference in the two 
curves. 

T h e  curves in Fig. 7 showing the heat supply and the calculated heat loss for 
the 32nd floor agree  remarkably well with the exception of the 13.3 F t e t  point. 
There  is no known reason for  this discrepancy. 

Fig.  8 shows the amount of heat which ~ o u l d  be required to maintain the 
test rooms on the  various floors a t  72.6 F it' the exposed wall and glass areas 
were the  same a s  the 8th floor test room. I t  is evident from Fig. 8 that it 
requires more heat to  maintain a temperature of 72.6 F in the 8th floor test 
room than it would to maintain this same temperature in a room on the 2 ls t  o r  
32nd floor having the same exposure. 

Fig. 9 shows the actual pressure difference across the windows for  the three 
test rooms plotted against the outside temperature with the wind velocity and 
direction indicated for  each test point. For the purpose of comparison, the 
theoretical pressure difference due to temperature difference for each test room 
is also plotted. In obtaining the values for  the theoretical curve, the effective 
head was measured from the  mid-height of the building. The  theoretical 
pressure difference does not include any wind effect and represents the maxi- 
mum pressure difference that could exist with zero flow. 

I t  is evident f rom the curves of heat supply in Fig. 8 that it requires more 
heat to maintain the same room temperature on the lower floors o i  this 
building, fo r  a given exposure. than it does on the upper floors. T h e  difference 
in the amount of  heat necessary to heat the 32nd floor test room is approxi- 
mately 4-0 per cent less than that required t o  heat the 8th floor room, when 
expressed on the same amount of exposed wall and =!ass. 

THE GUIDE 1934 method o f  calculating the heat loss ior tlie 8th rloor, which 
is below the neutral zone, does not give values of hear: clunrltities that compared 
with those obtained by these tests. The  portion of this tliffcrence that is due 
to infiltration cannot be definitely statecl at tl1i.i time. htlt it is hopect that the 
future tests being planned ~ v i l l  answer thir; qucqtinrl.  


