
I
... ...

'J'WYl 10 (;lrl1fU-J 2553, L'Jrl1 13.30 - 16.30 'W.

'.1"111 215-433, 216-433 Refrigeration and Air-concrtlo-unc

"1. ;'el~'eluihi,n.,~~ 5 ;'eltih11Vm;'el,

2. hi'el'4t;lJll?ltihllH11?l ~1~1 "vl1'elL'eln~1~1~ 1 L;li1'el'l~'elU

3. 'el'WrulI?l1i1'1l1L,"i1'el'lfi~ L~"1IL;1i1'el'l~'elu1~, '"

.., .., d' .., .., d'

'eJ 'IJ'IJ'VIYfUs 'IJ11'VI '11 'IJ'IJ'VI 'IJ ((;I 'eJ 'IJ 01)

;'i!I-~1JiI .
'J

'i'lll~ .

I
!loI c;; Q1!lo1
'1J'el fl~u'W'W bl?l~ fl~bb'W'WVl ~

1 15

2 20

3 20

4 20

5 20

fl~bb'W'Wt'J~ 95

J;J'fI'l..l ..



~'1l-~1l'l'l nr~oJn~m~n l'l'1l'W \,nJ1 2

~'El 1) iOl'l'Elfl1J1rJ (FI::;LL'W'W~'Elrl'ElrJ'Cl::; 3 FI::;LL'W'W ~1'VJn~'El)

1.1 iOl'l1J'Eln~'1 FI n.l~~1J~~ ~'El'l mJ'"lI'El'l~1J'~1 FI'J1~ Lii'WFI'JJ'LU'WL'li"lbl?l L~J'1::;L~[;Jbl?l. .
FI'J1 ~~'El'WLL~'1"l1'El'l m J'J'::; L~rJ

, ,
1.2 mJ'[;JJ''JiOl~'El1J mJ'f'J"lI'El'l ~1J'~1 FI'J1~ Lii'W~n':jfi ~1Hi'El rl1'1LJ"J1'1

1 .

3 .

5 .

2 ..

4 ..

6 ..
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2) 70°FLB 50%RH L(;l tI'ell n1 flllll tI'W'el n 'el 'el n LLUU'el £i~
"

45°FDB 40°FWB 250000 Btu
, hr

44 100 Btu mJ'~lt1L'el'Wrl'Jl~t'el'WLL~,:aii(;l'"llnmJ'#'J"lI'el'l'el1m flll.ij'WLL~'1lllt1'W'eln~ L;1"n1'W'el1rl1J' mJ'J'::::Ult1'el1m fll
, hr

'"l::::~'el'l1in'el1mflllllt1'W'eln 1,000 cfm L;l~lriU~~r.ilti ~~r.ilt1hl'ellrllJ''"l::::~'el'liJ'elru~llij 100°FDB 'elunmr,Jfu, " ,

(n) 1~~lm~lru"ll'el'l~~r.ilt1~~'el'lmJ'1'WW!.,l'JtI Ib/hr LL~:::: cfrn

("lJ) 1~~1':jitl~1~1J'rJ"lI'el'l Lrl1'el'l.;l1 rl'Jl~t'el'W1 'WWL,l'JtI Btu/h ~1[;]'J L~~ rl'Jl~~'WL1J'WLLUU Lrl1'el'l L~~rl'Jl~~'W"JIU(;l
" "lihJ1 L(;ltl'!JliJ~ru~!Jij 45°F (h, = 12.73 Btu/lb)

Exhaust

Outdoor
air

Return air

r--+----+-~ 3

Fan Supply@air
Humidifier Heating coil
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Atmospheric Pressure -~ 29.921" Hg at sea level

Total Cooling (Btu/h) - 0 x 4.5 x Ih,-hll

Saoslb~ Coohng 81111h1..: U ~. 1 10 If 11,·t2)

Laten' Cooling (Btu/b) " Q l( 4840 )( (w,-w2l

Q - Air vonnretnc Flow (Standard\ -=ctrn

. E:.nlhalpy '" Brullh
, _ Air Temperature lOry Buill) :- . F

Humidity Aallo -' It water/lb dry air

Heating and Air Conditioning

PrevarNl b't COHEA FOR A,PPlit.fl THfHMODYNAMIC STlJUH S llnl'llfHStTy plldil,I1C·

\;Jt'YAlour .""'"
.....(I'll(~ SDClfN Of "'fAn,...;. Iltl rtGt ..... r'Of\• ...,.n -.oR LONO,l,fJN... {.I':'"'\''''t~''~ ,'Or

DRY BULB TEMPERATURE "F

y~n I:'~H~
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, "
"']1'11'W 10 i,)L~'1 L~tJiJ~'eJiil'~~'W~;'1il

, " ,
- .y](;]'1 latitude 32 oN b')~1.y]~'el'ln1~~1'W')ru 15.00 'W. b~'~'Wb~'rt1tJ'W

- 'elru'lUln'el'elnmJlJ1l1tlb'W 75°Fdb 50%RH, "

- ~ru'lMJn'el'elmblJlJ1l1tJ'W'eln 100°Fdb 82°Fwb bb~:; 18°F daily range
" " ,

- e.Jt!'1.yjlJbtJ'WbblJlJri'elri'el~f/'U1lJtJ'W ~'W1 4 il') (9~'eltJb'W groJp F iJ~h U = 0.419 Btu/h ft2 of ) iJ.vl'W.y] 150 ft2
~ " "

,,",

111tJ'W'eln'V11'&1l'el'el'W

- WW1(;]1'1bu'Wm:;lilnfi~~~~1 (ordinary) ~'W1 0.25 U') 1~ii~tJn~nrU'lbb~~i'l1l1tJb'Wbb~:;1l1tJ'W'eln i'W~~il1(;]1'1

~')~ 100 ft2

" "
- U1~t!nL~Nlf1'1'el1 m~ 100 Iblft

2
.vl'W~'el'l
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~'el 4.1) '"l~"vIl111'J::fOl'Jl~ bij'W'"llnr1'\..l~HlJ1m~ih.H'l~~Y-l~'W~h lotus b'M.Jih1'el'W1"l1c;i~ti'

Y-l,rn~1'W1~lJ1m~vi1~1'W ~1'W'J'W 30 fOl'W b'M.J~~~1'Wb'J'C11 9. 1 )0 'W bb'C1::'el'eln'"lln lotus b'J'C11 17.00 'W.

'C1n~h~lHlJ1m~~1'W'J'WfOl'W : 100 b~t.J b~m~1~11'W lotus 1'J'C11 11.00 'W. bb'C1::'el'elnb'J'C11 14.00 'W.
"
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'il'fH'lfJ~ , ~'vI~1.JnM~ Vl'1l'W VI'W'l 7

, ...
~'EI 4. 2) '"l'l'VI1fl1'J::;l"l'J1~ bth.l'"l1mb~'l ~~1'l t 'W~'EI'l bl?l£.lih~'EI'Wl"lJ r;1'lil

Go' 11 \1 IQ

- ~nM"1J.l::;"lJ'EI'l'VI'El'l : Ordinary furniture b~~l"l~~

- m~r.i1£.1~~bl?lm~'Wv1'E1b'VIil'Ele.h iJm~r.i1£.1~~bbUUU1'Wn~1'l

-"1lill?l"lJ'EI'lbl"l~ bU'WbbUU Recessed

- 91'W'J'W watt ~'J~"lJ'EI'l'VI~'Ell?l~~ b'fJ b~~ L"ll'Wj;]~'EI 1,500 watt
'lJ

... ,
- bM'l~~1'l"lJ'fJ'l~'EI'liJu1'V1t!m'U~£.I 40 Ib/ft

2

, ...
- m~t1'l1'W'VI~'Ell?l1~ : G'~btJl?l";'l'VI~(?J L'J~1 9.00 'W. tJl?lb'J~1 1700 'W.
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, "
~'el 5.1) LL(:.JUer.m1n~h,lvi'elLL~{;1..:1~..:I1uZtJ 1.~fh'vm{;1"l1U1{;1vi'el'&'l~L£jU t(~~';jfin1~ Equal friction t~~n~'elul"l1~..:Ii1

, , "
..r'dr.h~'&'l~ntim1Lvi1nu'VIn..r'dr.i1~Vl1 ,000 cfm rl'd1~~..:I"lI'el": vi'elLvi1nU~'&'l'el~Vl16 U'd LL'&'l:;n1~U{;11.~Hrh

q OJ

d
friction loss 'VI 0.1 in.WG /100 ft

2

A

B

8 9

'-------lOI------{OI--



d v v ~ !l.I
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~'el 5.2) 'l~~1'W(H1.l n11~b1JL~£JPl'J1'-Ji'W'l'Wvl'el A-G j;11'-JlU tL9mn~'elut"llr;i'eltu;f

vl'el AB,BC Lb'i;'l~CD ii"ll'W1~ 040" , vl'el DE ii"ll'W1~ 036", '~'el EF use FG n"ll'W1~ 030"

1l'1~ Isometric

0' 20'

20'

20'
G

30'
c

20' I
I
I
I
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Cooling-load temperature differentials (CLTD) for calculating
cooling load from sunlit walls (OF)a,b

....n-...
I 2 J 4 • I , I , .. II 12 U W IS M I' U It » 21 n n J.-................,... GIeolIIAW..

N 14 14 14 13 13 13 12 12 II II 10 10 10 10 10 10 II II 12 12 13 13 14 14

ME " I' 19 II J7 I' 16 " IS " " IS 16 16 11 .. II II 19 I' :10 :10 :10 :10
E Jot Jot 23 23 22 21 JO 19 " .. 19 19 :10 21 22 13 Jot Jot ~ 25 25 25 25 ~

IE J.- n 2J 12 21 JO 20 It II II II II II 19 20 21 22 23 2l Jot Jot Jot Jot Jot
5 JO JO I' It II II J7 16 II 15 14 14 14 14 14 U 16 I' II 19 19 JO JO :10
sw 25 25 25 Jot Jot 2J 12 21 :110 19 19 .. I' I' I' I' II I' :110 12 23 U 25 25
.... rT rT :II 26 2j 2.t 2.t n 12 21 :110 It 19 II .1 II II It Xl 12 23 2j 26 26
NW 21 21 21 20 :110 19 19 II 11 II II " " 14 .4 14 " U 16 J7 II 19 20 21

~.w..
N " 14 .4 U 12 II II 10 , 9 9 I 9 s 9 10 II 12 13 14 14 " " U
!'IE I' II I' II U 14 JJ 12 12 IJ 14 U 16 J7 II I' " 20 Xl 21 21 21 20 20
E n 22 21 JO II J7 16 U U U J7 19 21 22 2.t 25 :II 26 27 rT 26 26 2j Jot
IE 23 12 21 » II J7 II U 14 14 U 16 II :110 21 23 Jot 25 26 26 :II 26 U Jot
5 11 JO 19 II I' 15 14 U 12 II II II II 12 '4 U J7 It Xl 21 22 22 22 21
5.... 2' :II 25 2.t 12 21 " II II 15 14 14 13 U 14 U 11 JO 22 2j 27 21 21 11
.... 19 21 27 26 Jot 23 21 It II J7 II U 14 14 14 U 17 It 22 25 rT 29 29 30
NW n 22 21 JO 19 II 11 15 14 IJ 12 12 12 II 12 12 U U J7 I' 21 22 23 23

~c .....
N U 14 13 12 II 10 , I I , , I I s 10 12 IJ 14 " II J7 I' 11 16
!'IE 19 I' II 14 13 II 10 10 II 13 " J7 19 :110 21 22 22 23 23 23 23 22 21 :110
E 12 21 " J7 " 14 12 12 14 II 19 22 2j 2' 29 29 30 30 30 29 21 rT III 14
SE 12 21 19 J7 " 14 12 12 12 JJ .6 19 22 24 26 21 29 29 29 29 21 27 26 Jot
S 21 19 II II " U 12 10 9 9 9 10 II 14 I' 20 22 Jot 2j 26 2j 2j Jot 22
sw 29 77 2j 12 » II II U 13 12 II II II 13 " II 22 III 29 32 33 33 II 31
W 31 29 27 2j U JO II II 14 IJ 12 12 12 13 14 16 JO Jot' 29 32 35 35 35 33
NW 2j 23 21 :110 II 16 14 13 II 10 10 10 10 II 12 IJ 15 II 12 25 77 77 27 26

e-..DW
N u IJ 12 10 9 , 6 I I 6 I , I III 12 IJ U " II 19 19 19 'I II

ME I' U 13 II 10 I , I '0 14 I' JO 22 2J 23 24 Jot ~ 2j 24 23 22 JO II
E 19 " 15 IJ II 9 I 9 12 11 22 27 30 ·32 33 33 32 32 31 30 ZI 26 14 22
SE :110 " " IJ II 10 I I 10 13 17 22 26 2' 31 32 32 ]2 31 30 21 26 14 22
S 19 J7 U IJ II 9 I , 6 I 7 9 12 If 20 Jot 2' 29 29 29 rT 26 u 22
sw 21 2j 12 19 II 14 12 10 9 I I I 10 .. 16 21 27 32 )6 31 31 3' 34 31
W 31 2' Jot 21 II " U II 10 9 • • 10 II 14 .1 14 30 )6 «I 41 «I 31 34
NW 25 22 " " 14 12 10 9 I , , I 9 IC 12 14 II 22 2' 31 32 32 30 2'

Co-.E .....
N 12 10 I , 5 4 3 4 , , , 9 II J) " J7 19 20 21 23 20 II 16 14
ME 13 II • , I 4 5 • IS JO Jot 25 2' 2t 26 » 26 26 25 Jot 22 19 J7 U
f- 14 12 10 I I , I II II :II 33 )6 31 3~ )6 34 33 32 30 21 2j 22 20 I'
IE " 12 10 I , 5 , I 12 It 2j 31 35 3; 37 36 34 33 3. 21 26 2J 20 17
5 15 12 10 I , 5 4 3 4 , • U 19 2A 29 32 34 33 31 29 26 23 20 J7
5W 22 II 15 12 10 I , 5 , , , 9 11 II 24 32 31 43 ., 44 «I 35 30 26
W 25 21 J7 14 II , 7 I , , , • II 14 20 27 36 43 .. .. 4' «I 34 29
NW 20 J7 14 II , , 6 5 , , I I 10 11 16 20 » 32 37 31 36 n 21 14

Co-.'W"
N I I , 3 2 I 1 4 I , , II 14 I~ I' 21 22 13 Jot 23 20 16 l3 II
ME 9 , , 3 2 I , 14 23 21 30 29 21 r. 27 27 27 26 Jot 22 19 16 U II
E 10 , I 4 3 2 I J7 11 31 44 4' 43 JI' 36 34 32 30 27 Jot 21 I' " 12
5E 10 , I 4 3 2 4 10 " 21 )6 41 .3 4: 39 )6 34 31 21 2j 21 II 15 12
5 10 I , 4 3 2 I I 3 , IJ 20 2' ]4 31 )9 31 " 31 » 22 II 15 12
sw " II 9 I , 3 2 2 4 , I II J7 31 ]5 44 50 53 '2 4' 37 21 23 ..
W J7 JJ 10 ., , 4 3 3 • I I II 14 2C 21 39 49 " 60 S4 43 )4 27 21
NOW 14 10 I I 4 3 2 2 3 , I 10 13 1~ 21 27 " ~ 46 43 35 21 12 II

~G"'''N 3 2 I 0 -I 2 , I • 12 15 .. 21 1:1 2.t 24 25 26 22 U II • , ,
ME 3 2 I 0 -I • 27 36 )9 35 30 26 26 2" 27 » 2j 22 II 14 II , , ,
E 4 2 I 0 -I II 31 41 S4 " 50 «I 33 3 30 29 27 Jot 19 IS 12 10 I I
SE • 2 I 0 -I , .. 32 42 .. " .. 42 ]4; )2 30 77 2.t 19 IS 11 10 I I
5 • 2 1 0 -I 0 I , 12 22 31 39 4' 41; 43 37 31 25 20 15 12 10 I ,.... , 4 3 1 0 0 2 , I 12 16 26 31 5(' " 63 61 52 J7 Jot 11 U 10 I
W I , 3 2 I I 2 , I II 15 " 27 41 " " 72 61 ... 19 JO 15 II I
NW , J 2 I • 0 2 , I II IS II 21 z 37 .,

" " 41 25 J7 13 10 ,
Source: Reprinted from ASHRAE HlImlhoof..-I9X5 Fundumcntals . with permission of the American Societv of Heating, Rcfriger-
ating and Air-Conditioning Engineers. Atlanta, Ga. .

" See text material for corrections applied to table values.
I. CLTO may be converted to centigrade by multiplying oy -'.N.
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CLTD correction for latitude and month applied to walls and roofs, north latitudes (OF)

NNE NE ENE E ESE SE SSE
Latitude Month N NNW NW WNW W WSW SW SSW S HOR

24 Dec -5 -7 -9 -10 -7 -3 3 9 13 -13
Jan/Nay -4 -6 -8 -9 -6 -3 3 9 13 -11
Feb/Oct -4 -5 -6 -6 -3 -I 3 7 10 -7

Mar/Sept -3 -4 -3 -3 -I -I I 2 4 -3

Apr/Aug -2 -I 0 -1 -1 -2 -I -2 -3 0
May/Jul I 2 2 0 0 -3 -3 -5 -6 I

Jun 3 3 3 I 0 -3 -4 -6 -6 1
32 Dec -5 -7 -10 -JI -8 -5 2 9 12 -17

Jan/Nov -5 -7 -9 -II -8 -4 2 9 12 -15

Feb/Oct -4 -6 -7 -8 -4 -2 4 8 II -10
Mar/Sept -3 -4 -4 -4 -2 -I 3 5 7 -5

Apr/Aug -2 -2 -I -2 0 -I 0 I I -I
May/July I I 1 0 0 -1 -1 -3 -3 I
Jun I 2 2 1 0 -2 -2 -4 -4 2

40 Dec -6 -8 -10 -13 -10 -7 0 7 10 -21
Jan/NoY -5 -7 -10 -12 -9 -6 I 8 11 -19
Feb/Oct -5 -7 -8 -9 -6 -3 3 8 12 -14
Mar/Sept -4 -5 -5 -6 -3 -] • 4 7 10 -8
Apr/Aug -2 -3 -2 -2 0 0 2 3 4 -3
May/July 0 0 0 0 0 0 0 0 1 I
JUD 1 1 1 0 I 0 0 -I -I 2

48 Dec -6 -8 -11 -14 -13 -10 -3 2 6 -25
Jan/NOY -6 -8 -11 -13 -II -8 -I 5 8 -24
Feb/Oct -5 -7 -10 -11 -8 -5 1 8 II -18
Mar/Sept -4 -6 -6 -7 -4 -1 4 8 II -II
Apr/Aug -3 -3 -3 -3 -I 0 4 6 7 -5
May/July 0 -I 0 0 1 I 3 3 4 0
Jun I I 2 I 2 I 2 2 3 2

Source: Reprinted from ASHRAE Handbook-J985 Fundamentals, with permissionof the Arne: jean Society of Heating, Refrigeratingand Air-Condition-
ing Engineers, Atlanta, Ga.
Notes:

J. Corrections are in 'F. The correction is applied directly to the CLTD for a roof or v all as well as given in Table 9-3 or 9-4.
2. The CLTD correction is nat applicable to Table 9-10.
3. For south latitudes, replace January through December by July through June.
4. CLTD corrections may be converted to Celsius by multiplying by''''.

Overall coefficients of heat transmission (U factors) of windows, sliding patio doors, and skylights for use in

peak load determination and mechanical equipment sizing only and not in any analysis of annual energy

usage, W/m2 • °C (Btu/hr-ft2-'F)

Part A. ExterIor" VII1lCl' I'8n1la

GlUe OUtdoor Storm Suh
No Storm S..h 25-mm (1"n.) Air SplIce"

NoSMde Indoor SNIde No Shecle Indoor Shade
-r-,

WI... &1mmet' W1nt8r Sumn. WInter Sum"* WInt8r Summer

Flat Glau"
Single Glass, 6.2( 1.10) 5.9(1.04) 4.7(0.83) 4.6(0.m 2.3(0.50) 2.8(0.50) 2.5(0.44) 2.8(0.49)
insulating Glass, Double"

S-mm (3116-in.) air space' 3.5(0.62) 3.7(0.65) 3.0(0.52) 3.3(0.58) 2.1(0.37) 2.3(0.40) 1.7(0.29) 2.1(0.37)
6-mrn (114-in.) air space' 3.3(0.59) 3.5(0.61) 2.7(0.48) 3.1(0.55) 2_0(0.35) 2.2(0.39) 1.6(0.28) 2.0(0.36)
l3·mrn (lf2-in.) air spacc& 2.8(0.49) 3.2(0.56) 2.4(0.42) 3.0(0.52) 1.8(0.32) 2.2(0.39) 1.4(0.25) 2.1(0.30)
l3·mrn (l12-in.) air space

low emittance coaung"
e = 0.60 2.4(0.43) 2.9(0.51) 2.2(0.38) 2.7(0. ~8) 1.7(0.30) 2.0(0.36) 1.4(0.24) 2.0(0.35)
e = 0.40 2.2(0.38) 2.6(0.48) 2.0(0.36) 2.5(0. B) 1.5(0.27) 1.9(0.39) 1.3(0.22) 1.8(0.35)
e = 0.20 1.8(0.32) 2.2(0.38) 1.7(0.30) 2.1(0.37) 1.4(0.24) 1.7(0.30) 1.1(0.20) 1.6(0.28)

Insulating Glass; Triple
6-mrn (I/4-in.) air space' 2.2(0.39) 2.5(0.44) 1.8(0.31 ) 2.3(OAO) 1.5(0.27) 1.8(0.32) 1)(0.22) 1.7(0.30)
l3-mrn (lf2-in. air space' 1.8(0.31) 2.2(0.39) 1.5(0.26) 2.0(0.36) 1.3(0.23) 1.8(0.31) 1.1(0.19) 1.7(0.29)
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Shading coefficients for single glass and insulating glass"

A. Single Glass
Shading Coefficient

Type of Glass

Nominal
Thicknessb

in. mm
Solar

Transmittance
f. = 4.0 Btu/(hr ft2 'F)

or 23 W/(nr 'C)
f. = 3.0 Btu/(hr ft2 OF)

or 17 W l(m2 °C)

Clear

Heat Absorbing

32
64
95

127
32
64
95

127

0.84
0.78
0.72
0.67
0.64
0.46
0.33
0.24

1.00
0.94
0.90
0.87
0.83
0.69
0.60
0.53

1.00
0.95
0.92
0.88
0.85
0.73
0.64
0.58

B. Insulating Glass

Clear Out-Clear In I~C 32 0.71' 0.88 0.88
Clear Out-Clear In 1/4 64 0.61 0.81 0.82
Heat Absorbing"

Out; Clear In lf4 64 0.36 0.55 0.58

Source: Reprinted from ASHRAE Handbook-1985 Fundamentals. with permission of the American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Atlanta, Ga.
• Refers to factory-fabricated units with 3/. 6, 1/4, or '12 in. of air space or to prime windows plus storm sash.
• Refer to manufacturer's literature for values.
, Thickness of each pane of glass, not thickness of assembled unit.
d Refers to gray, bronze, and green tinted heat-absorbing float glass.
, Combined transmittance for assembled unit.

Cooling-load temperature differences (CLTD)for conduction through glass"

Solar Time, h 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24
CLTD

°C 0 -I -I -1 -1 -1 0 1 2 4 5 7 7 8 8 7 7 6 4 3 2 2 I
OF 0 -I -2 -2 -2 -2 0 2 4 7 9 12 13 14 14 13 12 10 8 6 4 3 2

Source: Reprinted from ASHRAE Handbook-1985 Fundamentals, with permission of tt e American Society of Heating, Refrigerating and Air-Condition-
ing Engineers. Atlanta, Ga. .
• Corrections: The values in the table were calculated for an inside temperature of 78°F C:5.5°C)and an outdoor maximum temperature of 95"F (35°C)with
an outdoor daily range of 21°F (l1.5°C). The table remains approximately correct for othe r outdoor maximums, 93-102°F (33.8-38.8°C), and other outdoor
daily ranges, l6-34°F (8.9-18.9°C), provided the outdoor daily average temperature rerrains approximately 85°P (29.4°C). lfthe room air temperature is
different from 78°F (25.5°C) and the outdoor daily average temperature is different f 'om 85°F (29.4°C). the following rules apply: (a) For room air
temperature less than 78°F (25.5°C). add the difference between 78°F (25.5"C) and room t emperature; if greater than 78°F (25.5"C), subtract the difference.
(b) For outdoor daily average temperature less than 85°F (29.4°C), subtract the difference between 85°F (29.4°C) and the daily average temperature; if
greater than 85°P (29.4"C), add the difference.

Maximum solar heat gain factor (SHGF), Btu/hr-ft! for
sunlit glass, north latitudes

32"
N NNE! NEI ENE! EI ESE! 5£1 ISEI

(SUde) NW NW WNW '" wsw sw ..,. 5 BOIl

Jan. 34 24 29 J05 175 129 249 250 246 176
Feb. 27 27 " 149 205 142 2M 232 ~I 21'
Mar. 32 37 10'7 .13 227 237 227 195 176 2'2
Apr. 36 10 I~ 200 227 219 117 14J 115 271
Nay 31 111 110 • 2210 Itt 155 " 14 217
June 44 J22 176 201 21.- 119 139 13 to 2'M
J'IIy 40 111 167 ~ 21~ 19l& 150 t6 n 27J
AlII. 37 19 141 195 219 210 III 136 Ill. 265
Sept. 33 3' 103 113 215 22'7 218 119 11. )U

Oct. 21 21 63 143, 195 2~ 239 :w 215· 2U
Nov. 24 2'- 29 103 113 225 ~s W W 175

, Dee. 12 22 12 .. 162 211 • 2'2 2.S2 UI
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Cooling-load factors (ClF) for glass without interior shading, north latitudes

f_ a_...... e-
F..... ..... s.-n.e,1I

1 3 • 5 • I , I' II 11 IJ lot 15 I' n II 19 • 11 n n M

L 0.17 0.14 0.11 0.0. 0.01 e.n 0.41 0." 0.S6 0.63 0.71 0.76 0.10 012 0.12 0.79 0.75 0.... 0.6. 0." 0.31 D.31 US ~.:III

N M D..D 0'» 0.11 0.1' 0.14 0.14 0.41 0." o.n 0.39 0.'5 D.10 0.73 on 0:/6· 0.74 0.75 0.79 0.6. 0-'0 0.41 0.36 0.]1 0.17
(SMd&d) H Uj 0.23 0.11 0.10 0.19 0.31 0.45 OM 0.5' 0.60 0.65 0.69 0.71 072 0.71 0.70 0.70 0.75 0"" 0.46 Q.J' o.M 0.)1 UI

L 0.06 o.os 0.04 om OJIJ 0.26 0,43 0.47 0... 0.41 0.40 O.lt U9 0.31 0.36 e.n 0.30 0.16 0.:111 0.1' 0.1l 0.10 Q.OI 0.07
NNE M Q.09 OM 0.07 0.06 0.06 OolA 0.31 0.42 O.lt 0.)7 0.)7 0.36 0.36 U. 0.14 0.)) 0.30 0.Z7 D.Z2 0.11 0.1. 0.14 0.12 0.10

H 0.11 0.10 om 0.09 Q.OI Q.26 0.19 0.42 O.lt 0.36 0.)' 0.)\ 0.34 U) 0.)2 0.)1 0.21 o.zJ 0.21 0.11 0.1' 0.14 0.1l 0.12

L 0.04 0.04 O.OJ 0.02 0.01 0.23 0.41 0.51 0.51 U, O.lt 0.36 O.ll 0.)1 0.21 Q.26 0.23 0.19 0.15 0.12 0.10 0•• 0.1» O.DS
tIE til 0.07 0.06 0.06 O.DS 0.04 0.21 0.36 0." 0.45 0.40 0.36 O.ll 0,)1 00 0.21 0.26 0.23 G.21 0.17 0.15 0.1l 0.11 om e.•

H 0.09 0.01 0.01 Q.07 0JI7 0.23 0.)7 0." 0." O.lt 0.14 0.31 0.29 C.27 0.216 0.24 0.22 0..:111 0.17 0.14 0.1l 0.12 0.11 0.10

L 0.04 O.OS o.OJ 0.02 Q.Q1 0.21 0.40 0.'2 0.57 0.5) 0.45 D.)' 0.14 UI 0.21 0.2S 0.22 0.11 0.14 0.12 0.09 0.01 OM 0.05
DIE M 0.07 0.06 0.05 o.os 0.04 0'» 0.)5 0.4' 0.49 0.47 0.41 0.31 o.J) e.JO 0.21 Q.26 0.23 D.:III 0.17 0.1. 0.12 0.11 Q.09 0.01

H om 0.09 0.01 0.0'1 0JI7 0.22 0.36 0." 0.... 0.4' D.,. O.ll UO G.27 o.zs 0.2S 0.21 0.19 0.1' 0.14 0.13 0.12 0.11 0.10

L 0.04 0.0) O.OS Q.G2 0.01 0.1' 0.37 0.51 0.57 0.57 o.to 0.42 0.)7 e.)2 0.29 0.2S 0.22 0.19 0.15 0.12 0.10 0.• ... 0.05
a M 0.0'1 D•• 0.1» O.OS O.os 0." 0.3) 0.... O.to 0.'1 0." U9 0.35 UI 0.29 0.26 0.23 0.21 0.17 0.15 0.1l 0.11 D.l0 0.01

H om 0.09 Q.OI D.• 0.07 0'» 0.34 0.45 0.... 0.... 0.43 0.36 Q.32 G.29 G.26 0.24 0.22 0.19 0.17 0.15 0.1l Q.I2 0.11 0.10

L O.OS 0.04 O.OJ O.OJ 0.ll2 0.17 0.14 0." O.JI 0.'1 0.57 0... 0.41 U. 0.32 0.21 0.24 D.:III 0.16 0.1l 0.10 0.0, Q.07 0.06
ESE M 0.. 0.07 0.. o.OS 0.05 0.1' UI 0...3 0.,. 0." 0.51 0." U9 C." 0.32 0.29 0.26 0.22 0.19 0.1' 0.14 0.12 0.11 om

H 0.10 0.09 0.09 0.. 0.. 0.19 Q.J2 0.43 0.50 0.52 0." 0.41 U' U2 0.29 0.26 0.24 0.21 0." 0.16 0.14 0.1l 0.12 0.11

L O.OS 0.04 0.04 O.OJ 0.03 0.13 0.21 0..3 0.55 0.61 0.63 0.57 0.... C.42 0.37 O.ll 0.21 OolA 0.19 0.15 0.12 0.10 Q.OI 0JI7
II! M om Q.OI 0.07 Q.06 0.05 0.14 0.26 0.31 0." 0.,. 0.S6 0.51 0.45 c•• 0.36 0.33 0.29 0.25 0.11 0." 0.16 0.14 0.12 0.10

H 0.11 0.10 0.10 0.09 0.01 0.17 0.21 0.40 U, 0.53 0.53 0.... 0.41 r.36 O.ll o.JO 0.Z7 OolA D.:III 0.11 0.16 0.14 o.n 0.12

L 0.07 0.05 0.04 0.04 0.0) 0.06 0.15 0.29 0.4) o.n 0.63 0." 0.60 e.52 0."5 G.4O U, 0.29 0.23 0.11 0.15 0.12 Q.lO 0.01
SSE M 0.11 0.09 0.01 0.07 0.06 0•• 0.1' G.26 0.31 0.... D." 0.57 0." c... 0.43 Q.)' U, 0.30 0.25 0.21 0.11 0.1' 0.14 G.12

H 0.12 0.11 0.11 0.10 0.09 0.11 0.19 0.29 0.40 0." 0.34 0.'5 0.51 I." O.lt D." 0.31 0.Z7 D..D 0.» 0." 0.1' 0.15 0.1]

L Q.OI 0.0'1 O.OS 0.04 0.04 0.. 0.09 0.14 0.22 0.34 0." 0." D.65 I.., 0." 0.50 Q.43 0.36' 0.21 0.22 0." 0.15 Q.l2 0.10
S .. 0.12 0.11 0.09 Q.OI 0.07 Q.OI 0.11 0.14 0.21 UI 0.42 0.52 0.51 U. D." 0,47 0.41 0.36 0.29 0.25 U1 0.11 0.16 0.14

H 0.1l D.l2 0.12 0.11 0.10 0.11 0.14 0.17 0.14 o.n Q.4) 0." 0.56 r." O.SO 0.43 0.37 0.32 0.26 0.22 0'» 0." 0.1' 0.15

L 0.10 OM 0.07 0.06 o.os 0.06 G.09 0.11 0.15 0.19 0.Z7 U. 0.32 1.61 0.67 D•., U' 0." 0.36 0.21 0.23 0.1' U, 0.12
ssw M 0.14 0.11 0.11 0.ll!I 0.01 0.09 0.11 e.n 0.15 0.11 Uj

0.." 0." e'.'5 0.59 0." 0.J3 0." US UO 0.2S 0.22 0.19 0.16
II 0.15 0.14 0.1l 0.12 0.11 0.12 0.1. 0.16 0.11 0.11 0.Z7 0.J7 0." II.n 0.57 u, 0... 0.40 0.32 0.» 0.23 0.:111 0.11 0.16

L 0.12 0.10 0.01 0.06 o.os 0.06 0•• 0.10 0.12 0.14 0.1. O.M 0.36 I'." 0.60 0." U. 0." 0...3 0." 0.27 0.22 0.'1 0.14
sw M 0.1' 0.14 0.12 0.10 0.ll!I 0.09 Q.l0 0.12 0.1l 0.15 0.17 U3 0." l." 0." 0." 0.39 0." 0.41 o.ll Q.2I 0.24 0.21 0.11

M US 0.14 0.1l 0.12 0.11 0.12 0.13 0.14 0.16 0.17 0.1' Uj 0.34 e'.... 0.'2 0.56 0.56 0." 0.37 o.JO 0.25 0.21 D.., 0.17

L 0.12 0.10 0.01 0.0'1 o.os D.• 0.07 Q.09 0.10 0.11 O.ll 0.17 0.» C'•• 0.52 0.62 Ut 0.61 0." 0.34 0.27 0.22 0.11 0.1$
wsw II( 0." 0.13 0.12 0.10 0.09 0.09 0.10 0.11 0.12 0.13 0.14 0.17 0.24 ('.35 0." 0.,. 0." 0.'5 0.42 0.34 0.21 OolA '.11 0.11

M 0.15 0.14 0.13 0.12 0.11 0.11 0.12 0.1l 0.14 0.15 0.1' 0.19 0.26 e,.J6 0." 0.,) 0.S6 0.51 0.31 0.» O.ZS 0.21 0.19 0.17

L 0.12 0.10 0.01 0.06 O.OS 0.06 0.07 O.lll 0.10 0.11 0.12 0.14 0.:111 .'.32 0.45 0.57 0." 0.61 0." 0.34 0.Z7 0.22 0." '.14
W .. 0.15 0.13 0.11 0.10 0.09 0.09 0.09 G.I0 0.11 0.11 0.13 0.14 0.19 C'.19 0.40 0.50 0.S6 0.55 0.41 0:" 0.Z7 0.23 0'» 0.17

H 0.14 0.13 G.I1 0.11 0.10 0.11 0.12 0.13 0.14 0.14 0.1l 0.16 0.11 CcJO 0.40 OM 0.,. UZ 0.31 Q.JO OolA 0.21 0.11 1.1.
L 0.12 0.10 Q.OI 0.06 0.05 0.. 0.07 OM 0.10 0.12 0.13 0.1' 0.17 Ci.26 D.• 0.53 0.63 0.62 0." 0.34 0.27 0.22 0.11 '.14

WNW M O.IS 0.13 0.11 0.10 OM 0.09 0.10 0.11 0.12 0.13 0.14 0.1$ 0.17 CI.)I U, 0.47 US D." 0.41 0.)) 0.27 0.23 0.:111 '.17
M 0.14 0.13 0.11 0.11 0.10 0.11 0.12 0.13 0.14 0. IS 0.1' 0.17 G.I1 CI.2S Q.)6 OM U3 o.JZ UI Q.JO Q.24 0'» 0.11 D.I6

L 0.11 0.09 0.. 0.06 0.05 Q.OI 0.01 0.10 G.I1 0.14 0.1' 0.17 0.19 11.23 O.JJ 0.47 0.39 O.to OAl Q.J3 0.26 0.21 0.17 0.14
NW .. 0.14 0.12 CUI 0.09 OM 0.09 0.10 0.11 0.13' 0.14 0.16 0.17 0.11 11.21 0.30 0,42 0.51 0.34 0.J9 0.32 0.26 0.22 0.19 0.16

H 0.14 0:12 0.11 0.10 CUD 0.10 0.12 0.13 0.15 0.16 0.11 G.I1 0.19 11.22 0.30 0.41 0.» 0.'1 Q.)6 0.2f 0.23 0'» 0.17 O.IS

L 0.12 o.ot 0.01 0.06 0.05 0.0'1 0.11 G.l4 G.I1 0.22 0.25 0.Z7 0.29 c'.JO U3 0." 0.57 0.61 0... 0.33 0.26 0.21 0.17 0.14
NNW .. 0.15 0.13 0.11 0.10 0.09 0.10 0.12 U, 0.11 0.11 lUJ 0.26 0.27" 0.21 0.31 0.J9 0.51 0.S6 0.41 U3 0.27 0.23 0.21 0.17

H 0.14 0.13 0.12 0.11 0.10 0.12 0." 0.17 0,:111 Q.2J 0.15 G.26 0.21 11.21 e,n UI 0." 0." O.JI o.JO 0.25 0.21 0.11 0.1'

L 0.11 0.09 0.07 0.06 o.m 0.07 0.14 0.24 0.36 0.... 0.51 Q.t6 0.71 0.74 0.73 0.67 0.39 0.47 0.37 0.29 0.l4 0.19 0.16 0..3
HOIl II( 0.16 0.14 0.12 0.11 G.09 0.11 0.16 o.M o.JJ 0.43 0.J3 0.39 0." 11.67 0." 0.61 D•• 0.47 O.JI o.n 0.21 CU4 0.21 0.1t

H 0.17 U. 0.15 0.14 0.13 0.15 0.:111 0.21 Q.)6 0.4, 0.52 0.39 0.61 U... 0.61 0.,. 0.51 0.42 0.35 0.29 0.26 0.23 0.21 0.19

Source: Reprinted from ASHRAE Handbook-1985 Fundamentals, with permission of the American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Atlanta, Ga.
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Rate of heat gain from occupants of conditioned spaces-

Total Heat Adult, Tota' Hut
Male Adluateclb Sensible Hut Latent Hut

---
Degree 01 Activity Typical Application Watta Btu/hr Watts Btu/hr Watta Btulhr Watta Btulhr

Seated at res t theater, movie 115 400 100 350 60 210 40 140
Seated, very light

work, writing offices, hotels, apts. 140 480 120 420 65 230 55 190
Seated, eating restaurant" 150 520 170 580' 75 255 95 325
Seated, light work

typing offices, hotels, apts. 185 640 150 510 75 255 75 255
Standing, light work,

or walking slowly retail store, bank 235 800 185 640 90 315 95 325
Light bench work factory 255 880 230 780 100 345 130 435
Walking, 3 mph, light

machine work factory 305 1040 305 1040 100 345 205 695
Bowling" bowling alley 350 1200 280 960 100 345 180 615
Moderate dancing dance hall 400 1360 375 1280 120 405 255 875
Heavy work, heavy

machine work, lifting factory 470 1600 470 1600 165 565 300 1035
Heavy work, athletics gymnasium 585 2000 525 1800 185 635 340 1165

Soarce: Reprinted from ASHRAE Handbook anti Produr; Dtr....,ory-1977 Furulumentals, with permission of the American Society of Healing. Refrigerating and Air-
Conditioning Engineers. Atlanta, Ga.
"Note: Tabulated values are based on 78°F room dry-bulb temperature. For 80°F room dry bulb, the total heat remains the same, but the sensible heal value should be
decreased by approximately 8 percent and the latent heat values increased accordingly.
bAdjusted total heat gain is based on normal percentage of men, women, and children for the application listed. with the postulate that the gain from an adult female is
85 percent of that of an adult male, and that the gain from a child is 75 percent of that of an adult male.
'Adjusted total heat value for eating in a restaurant, includes 60 Btu/hr for food per individual (30 Btu sensible. 30 Btu latent).
~or bowling figure one person per alley actually bowling, and all others are silting (400 Btu/hr) or standing and walking slowly (790 Btu/hr).

Sensible cooling-load factors (CLFs) for people

Total Hours Hours after Each Entry Into Spaca

in Space 1 2 3 4 5 6 7 8 9 ,10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

2 0.49 0.58 0.17 0.13 0.10 0.08 0.07 0.06 0.05 0.04 0.04 0.03 0.03 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01
4 0.49 0.59 0.66 0.71 0.27 0.21 0.16 0.14 0.11 0.10 0.08 0.07 0.06 0.06 0.05 0.04 0.04 0.03 0.03 0.03 0.02 0.02 0.02 0.01
6 0.50 0.60 0.67 0.72 0.76 0.79 0.34 0.26 0.21 0.18 0.15 0.13 0.11 0.10 0.08 0.07 0.06 0.06 0.05 0.04 0.04 0.03 0.03 0.03
8 0.51 0.61 0.67 0.72 0.76 0.80 0.82 0.84 0.38 0.30 0.25 0.21 0.18 0.15 0.13 0.12 0.10 0.09 0.08 0.07 0.06 0.05 0.05 0.04

10 0.53 0.62 0.69 0.74 0.77 0.80 0.83 0.85 0.87 0.89 0.42 0.34 0.28 0.23 0.20 0.17 0.15 0.13 0.11 0.10 0.09 0.08 0.07 0.06
12 0.55 0.64 0.70 0.75 0.79 0.81 0.84 0.86 0.88 0.89 0.91 0.92 0.45 0.36 0.30 0.25 0.21 0.19 0.16 0.14 0.12 0.11 0.09 0.08
14 0.58 0.66 0.72 0.77 0.80 0.83 0.85 0.87 0.89 0.90 0.91 0.92 0.93 0.94 0.47 0.38 0.31 0.26 0.23 0.20 .0.17 0.15 0.13 0.11
16 0.62 0.70 0.75 0.79 0.82 0.85 0.87 0.88 0.90 0.91 0.92 0.93 0.94 0.95 0.95 0.96 0.49 0.39 0.33 0.28 0.24 0.20 0.18 0.16
18 0.66 0.74 0.79 0.82 0.85 0.87 0.89 0.90 0.92 0.93 0.94 0.94 0.95 0.96 0.96 0.97 0.97 0.97 0.50 0.40 '0.33 0.28 0.24 0.21

Source: Reprinted from ASHRAE Handbook-1985 Fundamentals, with permission of the American Society of Healing, Refrigerating and Air-Conditioning Engineers, Atlanta, Ga.
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Cooling-load factors (ClFs) when lights are on for 10 hours

"8" lib"
Number of Hours after Lights Are Turned On

Coef- Class-
f1clanta IfiClltlon 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 0.03 0.47 0.58 0.66 0.73 0.78 0.82 0.86 0.88 0.91 0.93 0.49 0.39 0.32 0.26 0.21 0.17 0.13 0.11 0.09 0

0.45 B 0.10 0.54 0.59 0.63 0.66 0.70 0.73 0.76 0.78 0.80 0.82 0.39 0.35 0.32 0.28 0.26 0.23 0.21 0.19 0.17 0

C 0.15 0.59 0.61 0.64 0.66 0.68 0.70 0.72 0.73 0.75 0.76 0.33 0.31 0.29 0.27 0.26 0.24 0.23 0.21 0.20 0

D 0.18 0.62 0.63 0.64 0.66 0.67 0.68 0.69 0.69 0.70 0.71 0.27 0.26 0.26 0.25 0.24 0.23 0.23 0.22 0.21 0

A 0.02 0.57 0.65 0.72 0.78 0.82 0.85 0.88 0.91 0.92 0.94 0.40 0.32 0.26 0.21 0.17 0.14 0.11 0.09 0.07 0

0.55
B 0.08 0.62 0.66 0.69 0.73 0.75 0.78 0.80 0.82 0.84 0.85 0.32 0.29 0.26 0.23 0.21 0.19 0.17 0.15 0.14 0

C 0.12 0.66 0.68 0.70 0.72 0.74 0.75 0.71 0.78 0.79 0.81 0.27 0.25 0.24 0.22 0.21 0.20 0.19 0.17 0.16 0

D 0.15 0.69 0.70 0.71 0.72 0.73 0.73 0.74 0.75 0.76 0.76 0.22 0.22 0.21 0.20 0.20 0.19 0.18 0.18 0.17 0

A 0.02 0.66 0.73 0.78 0.83 0.86 0.89 0.91 0.93 0.94 0.95 0.31 0.25 0.20 0.16 0.13 0.11 0.08 0.07 0.05 0

0.65
B 0.06 0.71 0.74 0.76 0.79 0.81 0.83 0.84 0.86 0.87 0.89 0.25 0.22 0.20 0.18 0.16 0.15 0.13 0.12 0.11 0

C 0.09 0.74 0.75 0.71 0.78 0.80 0.81 0.82 0.83 0.84 0.85 0.21 0.20 0.18 0.17 0.16 0.15 0.14 0.14 0.13 0

D 0.11 0.76 0.71 0.71 0.78 0.79 0.79 0.80 0.81 0.81 0.82 0.17 0.17 0.16 0.16 0.15 0.15 0.14 0.14 0.14 0

A 0.01 0.76 0.81 0.84 0.88 0.90 0.92 0.93 0.95 0.96 0.97 0.22 0.18 0.14 0.12 0.09 0.08 0.06 0.05 0.04 0

0.75
B 0.04 0.79 0.81 0.83 0.85 0.86 0.88 0.89 0.90 0.91 0.92 0.18 0.16 0.14 0.13 0.12 0.10 0.09 0.08 0.08 0

C 0.07 0.81 0.82 0.83 0.84 0.85 0.86 0.87 0.88 0.89 0.89 0.15 0.14 0.13 0.12 0.12 0.11 0.10 0.10 0.09 0

D 0.08 0.83 0.83 0.84 0.84 0.85 0.85 0.86 0.86 0.87 0.87 0.12 0.12 0.12 0.11 0.11 0.11 0.10 0.10 0.10 0

Source: Reprinted from ASHRAB lJandbook-/985 Fundamentals, with permission of the American Society of Heating, Refrigerating and Air-Conditioning Engineers, Atlanta. Ga.

Design values of a coefficient: features of room furnishings, light fixtures, and ventilation
arrangements

a

0.45

0.55

0.65

0.75 or
greater

Furnishings

Heavyweight, simple
furnishings, no
carpet

Ordinary furniture,
no carpet

Ordinary furniture,
with or without
carpet

Any type of furniture

Air Supply Bnd Hetum

Low rate; supply and return below ceiling
[V ",;; 2.5 (0.5)]*

Medium to high ventilation rate; supply and
return below ceiling or through ceiling grill and
space [V ;ao 2.5 (0.5)]*

Medium to high ventilation rate or fan coil or
induction type air-conditioning terminal unit;
supply through ceiling or waIl diffuser; return
around light fixtures and through ceiling space.
[V ~ 2.5 (0.5»)*

Ducted returns through light fixtures

Type ot Light tlxture

Recessed, not vented

Recessed, not vented

Vented

Vented or free-banging
in air stream with
ducted returns

Source: Reprinted from ASHRAF: Handbook-J985 Fundamentals, with permission of the American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Atlanta. Ga.
• V is room air supply rate in Lis m1 (CFM/ft1) of floor area
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The b classification values calculated for different envelope
construction and room air circulation rates

Room Envelope Room Air Circulation and
Construction· Type of :;upply and Return"

[mass of floor area.
(kg/rrr2. Ib/ft2)] Low Medium High Very High

5O.8-mm (2-in.)
Wood Floor (48.8, 10) B A A A

76.2-mm (3-in.)
Concrete Floor (195.3, 40) B B B A

152.4-mm (6-in.)
Concrete Floor (366.2, 75) C C C B

203.2-mm (8-in.)
Concrete Floor (585.8, 120) D D C C

304.8-mm (l2-in.)
Concrete Floor (781.1, 160) D D D D

Source: Reprinted from ASHRAE Handbook-1985 Fundamentals. with permission of the
American Society of Heating, Refrigerating and Air-Cond tioning Engineers, Atlanta, Ga.
• Floor covered with carpet and robber pad; for a floor COl ered only with floor tile take next
classification to the right in the same row.
.. Low: Low ventilation rate-minimum required to cope .vithcooling load due to lights and
occupants in interior zone. Supply through floor, wall, or ceiling diffuser. Ceiling space not
vented and! = 2.27 Wtm' "C (0.4 Btu/hr ft2 "F) (where ! = inside surface convection
coefficient used in calculation of b classification).
Medium: Medium ventilation rate, supply through floor. wall, or ceiling diffuser. Ceiling
space not veoted and!= 3.41 W/m2"C (0.60 Btu/hr ft2 "f).
High: Room air circulation induced by primary air of induel ion unit or by fan coil unit. Return
through ceiling space and! = 4.54 W/m2 "C (0.80 Btu/hr 1t2 "F).
Vel)' High: High room air circulation used to minimize emperature gradients in a room.
Return through ceiling space and! = 6.81 W;tm2 "C (1.2 Btu/hr ftl "F).

Recommended and maximum duct velocities

Recommended velocity (.... per minute) Maximum Velocity (f8et per minute)
Schoo.. Schoola
Theet8ra The8tera

Public Industrial Public IndUetrlal
Designation Realden_ Buildings Bulldlng8 RMldencee Bulldlnga BuHcllngl

Outside air intakes" 500 500 500 800 900 1200
Filters· 250 300 350 300 350 350
Heating coils" 450 500 600 500 600 700

Air washers 500 500 500 500 500 500
Suction connections 700 800 1000 1000 1400 1400
Fan outlets 1<100-1600 1300-2000 1600-2400 1500-2000 1700-2800 1700-2800

Mainduets 700-900 1000-1300 1200-1800 800-1200 1100-1600 1300-2200
Branch ducts 600 600-900 800-1000 700--1000 800-1300 1000-1800
Branch risers 500 600-700 800 650-800 800--1200 1000-1600

~e velocities are for total face area; 1101 the ner free area. Other velocities are for net free ares.
Source: Used by permission, Reynolds Metal Company.

Loss coefficients for duct elbows (round)

CoeffidallS for to" Elbows:

,/1) 0.5 0.'5 1.0 1.5 2.0

Co 0.71 0.33 0.22 D.!5 0.13

For agJes OCII. ,II. W .....,., by tile folo'" fedor:

8 0 10 30 45 60 75 90 110 no ISO

K 0 0.31 0.45 0.600.71 0.90 0.90 1.13 1.20 1.28

(a) Elbow; smooth radius, round.
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Side
Rectan-

gu....
17 18 '9 20 22 24 28 28 30Duct I 7 8 9 10 11 12 13 14 15 18

6 6.6
7 1.1 7.7
8 7.5 8.2 8.8
9 8.0 8.6 9.3 9.9

10 8.4 9.1 9.8 10.4 10.9
11 8.S 9.5 10.2 10.8 1104 12.0
12 9.1 9.9 10.7 11.3 11.9 12.5 13.1
n 9.5 10.3 11.1 11.8 12.4 13.0 13.6 14.2

14 9.8 10.7 11.5 12.2 12.9 n.s 14.2 14.7 ·15.3
15 10.1 11.0 11.8 12.6 13.3 14.0 14.6 15.3 15.8 16.4
16 10.4 11.4 12.2 13.0 13.7 14.4 15.1. 15.7 16.3 16.9 . 17.5
17 10.7 11.7 12.5 13.4 14.1 14.9 1S.5 16.1 .16.8 17.4 IS.O 18.6

IS 11.0 11.9 12.9 13.7 14.5 15.3 16.0 16.6 17.3 17.9 18.5 19.1 19.7
19 11.2 12.2 13.2 14.1 14.9 15.6 16.4 17.1 17.8 IS.4 19.0 19.6 20.2 20.8
20 11.5 12.5 13.5 14.4 15.2 15.9 16.S 17.5 18.2 .IS.8 19.5 20.1 20.7 21.3 21.9
22 12.0 13.1 14.1 15.0 1S.9 16.7 17.6 18.3 19.1 19.7 20.4 21.0 21.7. 22.3 22.9 24.1

24 12.4 13.6 14.6 . 15.6 16.6 17.5 IS;3 19.1 19.8 20.6 21.3 21.9 22.6 23.2 23.9 2'.1 26.2
26 12.S 14.1 15.2 16.2 17.2 IS.1 19.0 ~9.S 20.6 21.4 22.1 22.8' 23.5 24.1 24.S 26.1 27.2 28.4
28 13.2 14.5 15.6 16.7 17.7 18.7 i9.6 20.5 2l.3 22.1 22.9 23.6 24.4 25.0 25.7 27.1 28.2 29.5 30.6
30 13.6 14.9 16.1 17.2 IS.3 19.3 20.2 21.1 22.0 22.9 23.7 24.4 25.2 25.9 26.7 28.0 29.3 30.5 31.6 32.S

32 14.0 15.3 16.S 17.7 IS.8 19.5 20.8 21.S 22,7 23.6 24.4 25.2 26.0 26.7 27.5 28.9 30.1 31.4 32.6 33.S
34 14.4 1S.7 ·17.0 IS.2 19.3 20.4 21.4 22.4 23.3 .24.2 . 25,1 25.9 26.7 27.5 28.3 29.7 31.0 32.3 33.6 34.S
36 14.7 16.1 17.4 ·18.6 19.5 ~.9 21.9 23.0 23.9 24.S '25.8 26.6 27.4 28.3 29.0 30.5 32.0 33.0 34.6 35.S
3S IS.O 16.4 17:8 19.0 20.3 21.4 22.5 23.5 24.S 25.4 26.4 n.3 28.1 29.0 29.8 31.4 32.S 34.2 35.5 36.7

40 15.3 16.S IS;2 .19.4 20.7 21.9 23.0 24.0 25.1 26.0 27.0 27.9 28.8 29.7 30.5 32.1 33;6 35.1 36.4 37.6
42 .15.6 17.1 18.5 19.5 21.1 22.3. 23.4 24.5 25.6 26.6 27.6 28.5 29.4 30.4 31.2 32.S 34.4 35.9 37.3 3S:6
44 1S.9 17.5 18,9·' 20.2 2l.S 22.7 23.9 25.0 26.1 27.2 28.2 29.1 30.0 31.0 . 31.9 33.5 35.2 36.7 38.1 39.5
46 16.2 17.S 19.2 20.6 21.9 23.2 24.3 IS.S 26.7 27.7 .28.7 29.7 30.6 31.6 32.5 34.2 35.9 37.4 3S.9 40.3

48 16.5 IS.1 19.6 20.9 22.3 23.6 24.8 26.0 27.2 28.2 29.2 30.2 31;2 32.2 33.1 34.9 36.6 38.2 39.7 41.2
SO 16.8 IS.4 19.9 21.3 t2.7 24.0· 25.2 26.4 27.6 28.7 29.8 30.8 .31.8 32.8 33.7 35.5 37.3 3S.9 40.4 42.0
52 17;0 18.7 20.2 21.6 .23.1 24.4 25;6 26.S· 28.1 29.2 30:3 31.4 32.4 33.4 34.3 36.2 38.0 39.6 41.2 42.8
.54 17.3 19.0 20.5 22.0 23.4 24.8 26.1 27.3 28.5 29.7 3O.S 31.9 32.9 33.9 34.9' 36.8 38.7 40.3 42.0 43.6

56 17.6 19.3 20.9 22.4 23.8 25.2 . 26.5 27.7 28.9 30.1 31.2 32.4 . 33.4 34.S 35.5 37.4 39.3 41.0 42.1' 44:3
58 17.S 19.5 21.1 22.7 . 24.2' 25.5 26.9. 28.2 29.3 30.5 31.7 32.9 33.9 35.0 36.0 . 3S.0 39.S 41.7 43.4 45.0
60 18.1 19.8 21.4 23.0 24.5' 23.8 27.3 28.1- ~.8 31.0 32.2 33.4 34.5 35.5 36.5 38.6 40.4 42.3 44.0 4S.S
62 IS.3 20.1 21.7 23.3 24.8 26.2 27.6 29.0· 30.2 31.4 32.6 33.8 35:0. 3().O 37.1 39.2 41.0 42.9 44•.7 46.5

64 18.6 20.3 22.0 23.6 25.2 26.5 27.9 29.3 30.6 31.8 33.1. 34.2 35.5 36.5 37.6 39..7 41.6 43.5 45.4 41.:2
66 18.8 20.6 22.3 23.9 25.5 26.9 28.3 ·29.7 31.0 32.2 33;5 34.7 35.9 37.0 3S.1 40.2 42.2 44.1 46.0 47.8
68 19.0 2O.S 22.5 24.2 25.S 27.3 28.7 30:1 31.4 32.6 33.9 35.1 36.3 37.5 38.6 40.7 42.8 44.7 46.6 4S'.4
70 19.2 21.1 22.8 24.5 26.1 27.6 29.1 10.4 31.8 33.1 34.3 35.6 36.S 37.9 39.1 41.3 43.3 45.3 47.2 49.0

72 '39.6 41.8 43.S 45.9 47;8 49.7
74 40.0. 42.3 44.4 46.4 48.4 50.3
76 40.5 42.8 44.9 47.0 49;0 50.8
7S 40.9 43.3 4.5.5 47.S 49.S su
80 41.3 43.8 46.0 48.0 50.1 52.0
82 41.8 44.2 46.4 . 48.6 50.6 52.6
84 42.2 44.6 46.9 49.2 51.1 53.2
86 42.6 45.0 47.4 49.6 51.6 53.7

88 43.0 4.5.4 47.9 50.1,. 52.2 54.3
90 43.4 45.9 48.3 50.6 S2.S 54.S
92 43.8 46.3 48.7 51.1 53.4 55A
94 44.2 46.7 49.1 S1.() 53.9 .5.5.9
96 44.6 47.2 49.5 52.0 .54.4 56.3

Softl:I. G. HlJebscher. r,Glt.f. ASHVE. Vol. 54(1948), pp. 112-113. Reprinted from ASf:lRAE Handbook Ilnd P1'tJJIlCt Dlrtclory-J977 FJlnJamelllab.
with permission of the American Society of HeatinB. Refri&eraQna and Air-ConditioDia& )!nai-. Atlanta.Ga.


