To find pressure loss

1. duct size is known.

2. flow rate is known.

S.1 Compute the loss pressure for each branch of simple

Duct system shown in figure using loss coefficient

method.
2
Plenum 400cfm ? 200cfm |
1 | —
50ft, 10in 50 ft, 9in
120cfm

40 ft, 6 in




Solution:
For section 1-a

(1) for plenum exit loss

400cfm
Plenum

1 50 ft, 10 in
C=0.85 (fromT-4)
V, = Q 400 — 733.385 ft/min
A, (7z /4)(10/12)°

2 2
H, —c|—L | —osgs 733.385
4000 4000

For straight line 1-a ( 50 ft)

400cfm . AP 0.09
10in L ) 100
(AP),., _ 9 O(? x50 = 0.045in of water



total pressure loss for Run 1-a =0.045 + 0.0285 = 0.0735 in of water
section a- 2

280 cfm

50 ft, 9in

v _Q __ 280
LA (o

V, =733.385ft/min
V, =633.79 ft/min

=633.79 ft/min

} = AP, =0.002in of water

For straight run

280cfm AP 0.08.
_ — — =——1In of water
9in 100

L

AP, = 0.08 x 50=0.04 in of water
100

st

total pressure loss for Runa-2 = 0.04 + 0.002 = 0.042in of water



Section a-3

Vb

l 120cfm

40ft, 6 in
3
V, = ib = 122 = 611.154 ft/min
AL
& _ 611.154 0833
Vv, 733.385 = C,=048

(branch loss) 45° take off

P 2 2
(i) H,=C, Vo | _ 48| 233851 _ 00161 inof water
4000 4000




(i) 45 elbow loss

_ R/ _— -
C =0.37 (assume %3 =1 < from T-2)

H, = 0.37 Vo | 037 611.154 =0.0086 in of water
4000 4000

(iii) 90° elbow loss
H. = 0.0086 inof water

e

(iv) Straight Run loss (40 ft)

120 cfm APY 012 .
_ = — | =—— inof water
61In L 100

(AP), = 012 40 = 0.048 in of water
100

st

total pressure loss for Runa-3 = 0.0161+ 0.0086 + 0.0086 + 0.048

= 0.0813 in of water
total pressure loss for section 1-2 is

AP,, = 0.0735 +0.042 = 0.1155 in of water 0= 28.7595 pa

Total pressure loss for section 1-3 is
AP,_, = 0.0735 +0.0813 = 0.1548in of water =38.54 pa
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Table T-4 Loss Coefficients for Area Changes

cnt-raw :.- - :'. -._.:'-‘ - - b

Formed: L...._-..J* 5 .. C .
t ' - i o : . i

o " A am
Squas:’ 0.0 250

edgh. © L AVk# 02 . 186

orifice” R £ ¢ SO o)

in duct . 3—_=-:’_""ﬂ* 06 0.64

e - .00
-y St Y S——

Table T-5 Lossin Total Pressure for Transitton Fittings
In. of water (in, x 25.4 = mm and in. of water x 249 = Pa)

Upsiream _ R
Velocity Downstream Velocity 7,, fpm :
V. . .60, 800 - 1000. 1200 1400 - 1600 1800 2000
600 0.001 0003 0.004
200 0.003 0,002 - 0008 '0.010  0.010" °
1000 0.004 0003 0.003 0.005 0010 0010 _
2 1200 0007 0006 0005 0.005 0010 0010 0011 0012
. 1400 ;@010 -0.010 -0.008 0008 0.006.° 0.010:-:0.021 .- 0.013
i 1600 0017 0015 0014 0010 0008: 0012-.0011 001}
1800 0.022. 0020 0018 00i2 0011 @012 0012 0013
2000 0.027 0020 COIY 0018 0017 0017 0015 0010
Upstreamn — _ —
Velacity Downstream Vélacity ¥V, foth - _
V. 2000 2500 3000 - 3500 4000 4500 5000
2000 0.010 0.020 0030 '
2500 - 0030 0.020 003 0040 -
3000 . 0.040 0030 0030 0040 0.050
3500 0.060 0050 0.040 0040 0050 0.060 0.070
4000 0.090 0.090 0080 0060 0.050. 0.060 0.070
- 4500 0.20 0110 0100 0.0% 0070 0.060 . 0.070

5000 0.F40 0.140° 0,130 0.100 0.100 0.0%0 " 0.070




Table T-3 Loss Coefficients for Area Changes

Twpe . Fiustéption " Conditions Loss Cocflicient
-“:‘L/Az G G
: 01 0.81 8t
’ 0.2 064 15
£ 0.3 049 5 -
A ] _ 0.4 0.36 228 -
Abrupt — 0.5 025 1.00
cxpansion " 0.6 0-16 0'45
R 0.7 0.09 0.i8
‘ 0.8 0.06 006
09 001 00! -
N ! -o,ldcgrm C,
| T 3 0.17
. M_ 7 0.22
Gradual . B 107 028,
¢xpansion” ‘__...,\"L_ i - 043
: 30 0.59
40 0.73
e Ay} A, G
Abrept . 09 0.3¢
contraction —-:_..1..—""' g2 0332
' square = 0.4 0.25 -
cdge’ — 'D’.g g;g
Q. .
A . 8, degrees
Gradual — 80 .02
contraction 45 0.64
60 0nT
Equal area - fﬂl Ay A =4 . C
transformation | ‘BE ‘
L.}ahu 3 ’, uﬂ‘aﬁfl‘ _0’.-‘15
e .‘:;;;;MML : i

Franged
T I




Table T-1 Circular Equwalents of Rectangu]ar Ducts for Equal Fnctlon and Capacity.

Sid¢ ‘ _
Rectangular : : . - S
- Dot 6 7 8.9 30 11 32 13 .42 15, 16 17 13 19103:.2 B
6 66 : L SRS P
1 rS B A o o S IR S
% 8 75 82 88 , e o
9 80 -86 93 99 L I VA i
- -10 84 ‘%1 93.104 109 . S o
gk 1 88 9.5 102 108 114 120 IR N b
S ¥ 9.1 99 10.7°11.3 11.9 125 13) S P ¥
R b1 9.5 103 Y11.1.11.8 124 130 1¥6 m LR T T T R
e 1 9.8 407 11.5 122 129 135 1427147 1537 el
i 10.1 116 11.8 126 133 140 146 J$ 158 1610 0 T W
- a6 - 104 11.4 122 130 137 144 151.187.163 169 175 © - P
17 103 JL.7 12.5 134 141 149 115 161 168 17.4.180 186 LA
18 119119 125 137 145 153 160 6.6 173179 185 191 }9? TR
19 1.2 12.2 13.2 14.1. 189 156 164 ‘11) 12.8.184.190 196 202 208 1 - 0 e
. .20 115125135 (4.4 1152 }5:9 163X 18:2° 1845119:5°.20.1730.7 21,3 219~--
2 1207133 14,1 (IS0 15.9-167 17.6 183 l91¢197 304 210 217 223 22,1!”2’.{-,; e
.24 124 136,146 156 166 17,5 18.37191.19.87206 °33.3 21,9 zig 232 2391251362
26 128 184152 16:247.2 181} 190 19.8-206 21.4 221 2238 23 41 4% .2
28 132 145,156 1677177 18.7 .19.6 205 213 22.1 22.9 73.6 244:25.0525.7 ﬁ}‘gsz
. 30 13.6 14.9: 6.} 17.2'18.3 19.3720:2 2011 220 229.23.7:244 2537259467 - 9.3
32 140 153 165 17.7 IB8 ,19.8 208 21.8 22.7 23.6/24.4 252 260 26,7-27,5-289:30.
© 34 144 157 17.0 182 153 20.4 21.4.224 23,3 24.2 25.). 259 267 27.5.28.3.20.7 310
4 36 147 161 17.4 186 198 209 219 230 23.9 248 258 26.6 27.4 283 290 305 370 .
38 150 164 17.8 190 20.3 21.4 22,5 23.5 24.5 254, 264 27.3 281 290 29.8 314 32.8
%. 40 153 168 182 194 207 21.9 230 240 25.1 26.0, 27.0.27.9 28.8 29.7 305 321 33.6

Table T-2 Total Pressure Losses Due to Elbov(sm
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Equivalent Length Method

S.2 Compute the loss pressure for each branch of simple

duct system shown in figure using Equivalent Length

approach.
2
Plenum 400cfm ? 200cfm I
L | g
50ft, 10in 50 ft, 9in
120cfm
40 ft, 6 in
3
L .
| >
Section 1-a

L., = 50+(35)= 85 ft

400 cfm AP _
) i — —— |= 0.091in of water/100 ft
dia:=10iIn L

AP:(A—P) x L, = 0.09 x 85 = 0.0765 in of water
L 100




Section a-2
L,, =50+(5) =55 ft

200 cfm (AP 0.08 .
— —— | = —— in of water
100

dia: = 9in L
oy = 0.08 x 55 = 0.044 in of water
100
Section a-3

L.,=40+(35)+(5)+(10) = 90ft

120 cf

i cim i — (A—PJ:O.H in of water
dia: = 61In L

= 0.12 x 90 = 0.108 in of water

100
The pressure loss for section 1 to 2 is

AP_,= AP, + AP, = 0.0765 + 0.044 = 0.1205 in of water
= 30.00 Pa

The pressure loss for section 1 to 3 is

AP, = AP, + AP,_, = 0.0765+0.108 = 0.1845in of water
= 459 pa
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TO FIND DUCT SIZE

Equal Friction Method

S-3 Select duct sizes for the simple duct system of shown
in figure using Equal Friction Method. The system is
for a residence. The total pressure for the duct system
Is 0.12 in of water and the loss in total pressure for

each diffuser at the specified flow rate is 0.02 in of

water.
-
150cfm
10ft
1 2
Plenum a b
0 20ft 17ft
4
30ft
5 S—
<_D L,
15ft

200cfm

150cfm




Loy =20+17+10+(35+5+35+5+10+30)= 167 ft
Loy = 20+17+30+(35+5+5+5+5+30)= 152 ft
L. = 20+15+(35+50+10+30)=160 ft

L.io3 IS design line.
AP =0.12-0.02= 0.1 inof water

(A_Pj — (A_Pj = E — 0.000598 = 0.598 107 in of water/ft
L 123 L design 7

cfm, =150+ 200+150=500cfm
cfm, =150+ 200=350cfm

(A—Pj = 0.0598in of water /100 ft is equal for all of line.
design

cfm, = 500 cfm = D,=119in, V, =660 ft/min
cfm, =350cfm = D,=10.2 in, V, =600ft/min
cfm, =150cfm = D,=7.5in, V, =490 ft/min
cfm, =200cfm = D,=8.4in, V,=525ft/min
cfm, =150 cfm = D. =7.5in, V, =490 ft/min



Balance Capacity Method

S-4 Select duct sizes for the simple duct system of shown
in figure using Balance Capacity Method. The system
Is for a residence. The total pressure for the duct
system is 0.12 in of water and the loss in total pressure

for each diffuser at the specified flow rate is 0.02 in of

water.

-
150cfm
10ft
1 2
Plenum a b

0 20ft 17ft

4
30ft
5 S—
<_D L,
15ft

200ctfm

150cfm




Loy =20+17+10+(35+5+35+5+10+30)= 167 ft
Loy = 20+17+30+(35+5+5+5+5+30)= 152 ft
L. = 20+15+(35+50+10+30)=160 ft

Loz IS design line.
AP =0.12-0.02= 0.1 inof water

(A_Pj — (A_Pj = E = 0.000598 = 0.598x 10 in of water/ft
L 123 L design 7

cfm, =150+ 200+150=500cfm

cfm, =150+ 200 =350 cfm

(A—Pj = 0.0598in of water /100 ft is design line for line 1, 2,3.
design

cfm, = 500 cfm = D,=119in, V, =660 ft/min
cfm, =350cfm = D,=10.2 in, V, =600ft/min
cfm, =150cfm = D, =7.5in, V, =490 ft/min
According to the theory, the pressure of all line are equal.

AP, = AP,

L, = 10+(35+5+10+30) = 90 ft

AP, =(A—Pj x 90 = 0.05038 in of water
design

L, =30+(5+5+5+30) = 75ft



(A_LP) - 0.35538 = 0.7176x10® in of water =0.07176in of water/100 ft
4

(A—ij =0.07176 in of water/100ft
4

= D,=8.11n, V, =560 ft/min
cfm, =200
Section a-5
APy = AP, . eQui()
AP, + AP = AP+ AP, +AP,,
APy =AP, +AP, ... equ:(2)

L, =L, =75ft
L,=L,=17+5=22ft

AP, = AP, = (A—ijz x L, =0.598x10"° x 22 = 0.01315in of water

AP, =AP, = (A—LP} x L, =0.7176x10"° x 75=0.0538 in of water
4

AP, = AP, =0.0538-+0.01315=0.0669 in of water

L., =15+ (50+10+30) =105 ft

=0.637x10° in of water/ft

(A_Pj _ AP, 0.0669 in of water
L), L, 105 ft

KA_LPJ =0.0637 in of water/100ft, cfm :150} = D, = 7.5in, V, = 489 ft/min



S-5 Design the duct system of shown in figure by using
the equal friction method. The velocity in the duct attached
to the plenum must not exceed 900 ft/min and the overall
loss in total pressure should not exceed about 0.32 in of

water. Total pressure losses for the diffusers are all equal to

0.04 in of water. The lengths shown are the total equivalent

length of each section. Use English unit.

95ft
100cfm 7 100 c¢fm [ T
+ . 100cfm
g8 g7 5
55 ft 25ft b 40ft 45ft
Plenum
o d
1 a 2 3 c 4
= S
S19 @ 6
—

M T

250 cfm 250 cfm

For main duct velocity = 900 ft/min
cfm, = 100+250+250+100+100 =800



from chart,

{main duct velocity

} = D, =129in, V,=890ft/min
cfm,

(A_P] _ 0.096 in of water/100ft
design

(A—Pj is equal for all lines.
design

From chart,

cfm, =250+ 250+100+100=700= D, =12.2in, V, =870ft/min
cfm, =100+100+ 250 = 450 = D, =10.4in, V, =780 ft/min

cfm, =100+250=350 = D,=95in, V, =700 ft/min

cfm, =100 = D, =509 in, V, =530 ft/min

cfm, =250 = Dy =8.2In, V=660 ft/min
cfm, =100 = D, =5.9n, V, =530 ft/min
cfmg =100 = Dg=59In, V, =530 ft/min
cfm, =250 = Dgy=82In, V, =660 ft/min



S-6 Design the duct system of shown in figure by using
balance capacity method. The velocity in the duct attached
to the plenum must not exceed 900 ft/min and the overall
loss in total pressure should not exceed about 0.32 in of
water. Total pressure losses for the diffusers are all equal to

0.04 in of water. The lengths shown are the total equivalent

length of each section. Use English unit.

95ft
100cfm 7 100 c¢fm [ T
+ . 100cfm
g8 g7 5
55 ft 25ft b 40ft 45ft
Plenum
o d
1 a 2 3 c 4
= S
S19 @ 6
—

M T

250 cfm 250 cfm

For main duct velocity = 900 ft/min
cfm, = 100+250+250+100+100 =800



from chart,

{main duct velocity

} = D, =129in, V,=890ft/min
cfm,

(A_P] _ 0.096 in of water/100ft
design

L 1oz =55+25+40+45+95 =260 ft
L o1p3s =55+ 25+40+45+80 =245 ft
L., =95+25+40+100 =220 ft
L. =55+25+100=180 ft

L,,, =55+100 =155 ft

AP . = 0'026 x 260 =0.2496 in of water
AP, . = AP_

AP, + AP, = AP, + AP,

AP, = (A—Pj xLg = 0.09% x95=0.0912 in of water
L design 100

AP, = AP, =0.0912 in of water

= = = =1.14x10"° in of water

A_P) AP, 0.0912
. L, 80

(AP
= =0.114
( L lKOOft ] = D, =82in, V, =690 ft/min

 cfmg = 250



AP, = AP_,

AP, +AP_,, +AP, =AP, +AP_,

APc-zl-d = (

A_Pj xL, = %x 45 =0.0432 in of water.
L design 100

AP, = AP, =0.0912 in of water

AP_, =AP_, ,+ AP, =0.0432+0.0912 = 0.1344 in of water

A_P) _ (APH ] _ 01344 _1344x10°
7

L L., 100
(AP
= =0.1344
( L ]74001? = D,=56in, V, =600 ft/min
| cfm, =100
AP, =AP_,

AP, +AP, o =AP,, +AP,  +AP_,

AP, = AP, . +AP_,

AP, . = (A—P] x L, = 0.096 x40 =0.0384 in of water
design 100

AP, = AP, , = AP, . + AP_, =0.0384 + 0.1344 = 0.1728 in of water

A_Pj 01728
L ), 150

=1.152x107° in of water /ft

(A—Pj oo g=0-1152 | _
L/, = Dy =8.0 In, V, =700 ft/min

| cfmy =250



AP_ ¢ =AP,_
AP, +AP, o =AP_, +AP,, + AP,

AP, =AP,, +AP, 4

() -0
design

2 x 25 =0.024 in of water

AP, ; =0.024 +0.1728 = 0.1968 in of water

=1.968x107° in of water /ft

A_Pj 01968
L ),s 100

AP .
— =0.1968 in of water/100ft
( L l KOOft ] = D,=52in, V, =700 ft/min

| cfmg =100



