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A Study of Local Ventilation Design on PC Programm

Myong Che Yoon

Korea Environment Research Institute

The purpose of this sutdy is to computerize the design of single source for a duct work
system which is essential for the improvement of working places. There are different
types of hood, such as general hood, push pull hood and canopy hood. And out of these
three types, general hood and canopy hood were used as subjects of this study. The
software used here was Quattro Pro 123 programm, and the hardware was IBM
PS/SX(type 5510-SK4 S/N 83-05164). And the results are tabulated in (Table 2) and
{Table 3).

All of the hazardous factors of working places, except for physical factors, such as
noise, vibration, illumination and etc, are control measurement related. In order words,
workiong places that have problems with toxic gas, mist, fume, dust, odors, biological
factors or wetness can be improved by means of the local ventilation design. However,
the reqires very complicate processes, and in the case of canopy hood, particularly, one
runs into difficulties due to frequent discrepancies generated from calculations through
many processes.

Recently, progress of the computer hardware technics has been dazzling, and also the
software is development rapidly. As proven in the results of this study, it is good that
designs for industrial ventilation systems are readily available for easy use. It is hopeful
that young scholars will develop easier and quicker methods for local ventilation designs
in the future.
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Fig. 2. Type and size of hood calculated (unit : mm)
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Table 2. Computor programm of general hood design

¥ : Input data
% : Input data on problum used
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No. Items Unit Programm (Equation computed) Data

D4  1ST STEP:HOOD DESIGN

D5 1. Open surface area(A) m2 +D6-+D8 0.060

D6 A. Circle (A) m2 0.785*D72 0.000

D7 (1) Diameter m * 0

D8 B. Square (A) mZ +D9%D10 0.060

D9 (1) Long side (a) m * 04

D10 (2) Short side (b) m * 0.15

D11 2 Hood size conformed

D12 A. Area (A>5a) m2 5% D54 0.057
. D13 B. Depth (D=3d" above) m 3%D53 0.360

D14 3. Length of capturing(X) m * 0.2

D15

D16 2ND STEP:CONTROL VELOSITY

D17 1. Control velosity (V) m/sec K 06

D18

D19 3RD STEP:EXHAUST VOLUME (Q) m3/sec +D22+D24+D28+D35+D39 0.138

D20 Adjust  @IF (DI9-@INT (D19%10)/10>0.05, @INT0.150

(D19%10)/10+0.1, @INT
(D19% 10)/10+0.05)

D21 m3/min  +D20%60 9.000

D22 1. Enclosure type m3/sec  +D5%D17%D23 0

D23 A. Coeffient (f) 1000 %

D24 2. External type m3/sec (D254 D26+D27)% D17 *((10% D15 2)+D6) 0.138

D25 A. Space (f) 1000 ¥

D26 B. Attached flage into space (f) 0750 Y

D27 C. Attached flage on the table (f) 0500 % 05

D28 3. Slot sype m3/sec  (D30+D31+D32+D33)%D34% D14+ D17

D29 A. Coeffient (f)

D30 (1) Full cylinder type 5000 ¥

D3l (2) 3/4 cylinder type 4100

D32 (3) 1/2 cylinder type 2800 ¥

D33 (4) 1/4 cylinder type 1600 %

D34 B. length of slot (L) Y

D35 4. Duct opened typy Coef. (f). (Ball Surface: m3/sec  +D14 2% D17 %(D36+D37+D38) 0.000

BS)

D36 A. Full BS type 4000 ¥

D37 B. 1/2 BS type 2000 %

D38  C. 1/4 BS type 1000 %

D39 5. Duct opened typy Coef. (), (Cylinder Surf.: m3/sec  +D14%D17%D40 0.000

CS)

D40 A. Coefficient (f) +D41+D42 0.000

D41 (1) 1/2 BS type 3100 %

D42 (2) 1/4 BS type 1600 ¥

D43 B. Length of cylinder (L) m *

D44

D45 4ATH STEP:DRAWING OF DUCT WORK SYSTEM



D46

D47 5TH STEP : TRANSPORTATION VELOSI-

TY (V)
D48 1.Vt m/sec 15
D49
D50 6TH STEP:DUCT
D51 1. Duct area(a) m2 +D20/D48 0.010
D52 2. Duct diameter (d) m @SQRT (D51 *4/@PI) 0.113
D53 3. Duct diameter adjusted m @INT (D52 % 100)/100+0.01 0.120
D54 4. Duct area adjusted (a) m2 0.785% D53 2 0.011
7TH STEP : CALCULATION OF PRESSRUE DROP. SITE OF SUCTION (FROM HOOD TO FAN)
Items 1. Hood 2 Duct 3. Elbow 4. Duct 5. Elbow 6. Duct 7. Cleaner
0—1 1-2 2-3 3—4 4—5 5—6 6—7
1. Pressure drop (&P) 5.414 3.139 5. 956 3.924 5. 956 1.570 50. 000
A. Air density (7) 1. 207
B. Air temperature (t) 20. 000
C. Gravity accelated velosity (g) 9.810
D. Pressure drop coef (F) 0. 500
E. Transportation velosity (Vt) 15. 000 15. 600 15. 000 15. 000
F. Velosity pressure (Pv) 10. 829 10. 829 10. 829 10. 829 10.829 10. 829
G. Frictional coef(4) 0.017 0.017 0.017
H. Length of duct (1) 2.000 2.500 1.000
1. Duct dismeter (d) 0.120 0.120 0.120
J. Elbow pressure drop coef (¢) 0. 550 0. 550
K. Duct pressure drop/m (unit AP) 1.570 1.570 1.570
2. Static pressure (Ps) —16.243 —19.383 —25.338 —29.263 —35.218 —36.788 —86. 788

8TH STEP : CALCULATION OF PRESSURE DROP. SITE OF EXHAUST (FROM FAN TO WEATHER CAP)

Items 8 Duct 12 Cap 11. Duct 10. Elbow 9. Duct total
7--8 12 12—11 11-10 10—9 pressure loss

1. Pressure drop (AP) 1.570 4,879 2.719 1.198 0.544 74. 464
A. Air density (7) 1.207

B. Air temperature (t) 20. 000

C. Gravity accelated velosity (g) 9.810

D. Pressure drop coef (f) 1.100

E. Transportation velosity (Vt) 15. 000 8.493 8.493 8.493

F. Velosity pressure (Pv) 10. 828 4.436 4.436 4.436 4,436

G. Frictional coef(4) 0.017 0.018 0.018

H. Length of duct(1) 1.000 5. 000 1. 000

1. Duct dismeter (d) 0.120 0.150 0.150 0.150

J. Elbow pressure drop coef () 0.270

K. Duct pressure drop/m (unit AP) 1.570 0. 544 0. 544
2. Static pressure (Ps) —88. 358 0.444 3.163 4. 360 4.904 93. 262

9TH STEP : CALCULATION OF FAN CAPACITY

1. Fan air flow rate : 0.15 m3/sec (caculated above)

2. Fan static pressure=total static pressure of system (at 8th step), 93.262mmH20
3. Fan powerPt (kw)=0.229= [+ D20 % 60 % M40/(6120 % 0.6)]

4. Motor power=AHPt % 1.2 (kw)=0.274

-~ 218 =~



49, 2= HF 2w 71¥ D199 AL
0.138m%/sec® Z2AEC} o] A% 5FFY =
(D22, D24, D28, D35, D39)5 D24 9%+ F=
ot 2Algzt YHFEHAY] W] FERAEL 4o
2 Ha=o] A3 0.138m%/sece] HalH )

(2) Z=Xuy7| &

AA) e el 3 0.138m*/ secdt B2 A
U At o Fo] glome 2gH o)) 221
2 AbeglEd FahAch el wirgE o
FE Fa ANE gAY A8 e ol 2|
A AYgE 58 o] e £tz 2FAE 3
gk, e 0.1382 D209 AR go] o
15m*/sec® HAHE Fho] Hrh o|AE TEIaY
s, Aed g8 gg dolot stedl, ©]
7% QPROY &4 INT(INTEGER. B+)& ol
235 A

QPRO® #49 @IF(gterol, 714)9 @INT
(INTEGER, Aol uisteq @IF(D19-@INT
(D19%10)/10>0.058 «d g Eo A9sid &

# 2
D19#*10 0.138X10-=1.38
@INT(1.38) 1(R+3 @i 0.382 Agd)
@INT(1.38)/10 1/10=0.1
@IF(0.138-0.1) 0.038

ag gAe Anrt 0.058t% AYH @INT
(D19%10)/10/10+0.191 H L= AA T 0.058. ¢4
A7) W Fo] @INT(D19%10)/10+005¢] = 8-&
o}, gagA g 28 AREAA Eoh

@INT(D19%10) 1
@INT(1.38)/10=1/10 0.1
@INT(1.38)/10+0.05 0.1+0.05=0.15

a2 D209} =AY AwrIF &2 dnE

B ﬁ . |
" 77
DAREREE

Fig. 3. Drawing of local ventilation system

(Side)

A4 €k

A71M 7§ 2l /A9 F#71 0058}
2 4% [@IF(D19-@INT(D19%*10/10)>0.05],
LAY 24 AAALSF 0.18 HE gE 3
a3 [@INT(D19%10)/10+0.1], 0.055¢} 2g
At 99 &9 A543 AR 0.058 o
& g H3te [@INT(D19%10/10)/10+0.05],
ZR%E T 5 At o) zEaPg Adsd
D20 TPy #Zo) "k F @IF(D19
@INT(D19%10)/10>0.05, @INT(D19%10)
/10/104+0.1, @INT(D19%10)/10+0.052 H#%
303

E3) ZAFNANME £F guvea ALE
sl g #akald D213 2ol 9.0m¥/secE &
F Atk

2, AdA = 2y

Aol Aeol wel = AR = (FHAT#R
FREE) 7 2Rk a3y shsstH (g
ol HA AALEA WRBFEF 8ol g
1 olfe FHol Bow qhEdddo] @WolR A
A EAE 9 FAFYH T HohsiA] 7] ufFol
th o] A%E (1Y P Fo] F=& AAY
o Jeor FNAAN/NG $£E7)5 Aol HAH
o] Ut}

vl AH5eHA wlpEE

B4 ST (WREE Vem/see) D48S X HH &
HEHo] 7IAZA/ A7 whe} debAc
aAed Ay g4g, HF 28a 27159
upzt wEEws gl o] wEgsrE I
Mo A RaE Fae JEsx "ok ey @
A wjEho) Aol Ue BE AEZAE FH43
o] AAAR agAA v AAY

{Plan)

— 219 —



o2M AdE AT Fox A} Qi

vl H63A +FE

(1) MeHHE

HIA R (WWHEH - a, m®) D512 D20 wi7) &
0.15(Q:m*/sec) & D48 A BWEEE15(Vem/se-
c)2 YydE 0.0lm27} |t

(2) &4

B (W 1 d, m) D52¥ (aX4/3.14)9] F2)
oz AdEd. ojAL Zeadshd @SQRT
(D51 %4/@PI) %=+ (D51X4/3.14)57} 5o &
%384 0.113me] "}

(3) =3ME

ZH PR (FAEEE [ d'm) D539 453 old
3zte] e F2d Heln 243 228 b
1& 7M. & 0.1139 38 w9 0.11¢] &
v &F5H 222 149 12 7Rasid A= 0.
12me ®oE Fo] ®©rh oA Mz A7H
@INTE =45 oj&3td €. #AH D52
(0.113)9) gtoll 1008 F314(11.3) o]F HF
o9 gh(11)¥Hg HE F vl 10022
Uxa1(0.11) «47]9) 0.012 stz 0,128
7% + 4. F @INT(D52%100)/100+0.01 &
Z2aYPsH #FL 0. 12m2 ZAEHC

(4) =FBCHN

ZABGHH (REEHEHE - 2, m?) DH4E 0.
785 (d')29] Fel ojste] A& ET) o] AL =
2Wskd 0,785 D5322 A 4 Uk wEkx
AL BE 0.01lm*ol o},

ol 4z L whHoz ASHHA (ESHBLHE)
AN eIHAGRRMER)IANE EH 487
E 2AA% + e T2 5 (engineering data)E
78 = dch

2 Wy w0 A

1¥g 2AYdA wiEsHe FHERAE £
z2A APSA L Mol & ¢ &3 B
F Ak S 2 F9E g S0 AN
1Y & Z2aWg 49=EA g

[(£A 2] 1600CS) A3 1m dHE 277 A
th 11 29 Fxd F= o] HiE 0.7moln
ttg 28 29 ¥t Eo] Hx L4mojth. 7Hzbe

ax

Feo A0 Q3571 FF 01 HaA e
AN E Q3& T3kl 1 BAE vlIEA L.

o] FAE HAAE (X 7 Zo] 7+&
At

A A4 £AE 3 A2 AP A 4=
AAMZ e dRsled A Aldde 3=
o] dutggo g thg Al 71x A8 E A
Fate e 1t olgich AM2vtAle dA4E7F
Z A Ui AsSAE HFY B2EQ AA
71FE g e BAe] HAG. o] EAlAA F
o7l HAle Fxo| nxu|7t 287}t Hi 2709
dxgz g ez oy HAE npAF o] 2
A 2o EAE MaFdESY Hrhsted
2A Z2aPg st Adtel A5 (R 3
of AT 2y AYe F=9 i H
/EL079% H./E<07YWE Mdysin (&
6ol A 3 7hsh Ao

7t AldA Fof dukatg

AGAE Foo dutdgogr Fe o
()¢} $=274(F3), wigde a”(E)s gy
282 EH(H/E)E A&t dgdd Aty
712 A8 AT 2 %ol Ut wpehA] A
shol A oje g AT M HAEAHA o
g ke8] d9srlz s

(1) w9 Zoj

AL (F P 2ol Ay, Ay
¥ a2lx eldEg %ol Moy B gAe 9y
olmg YYY A$e Aoz A7E Y=
2 D79 1(m)E dE3td D8 “0'olmz a4
9 Zol D6=D7+D8=1+0°] "} uwaA A
Hge] 100022 HAIEY. TP 93y
AE gt 253 3AEUAA FHHEE Y
97 Wil AH ¥ Ay rdE

(2) g =

A Y () 2 DIv HolA ¢ 2
°] 4% /71 et 45 91 oJ22 Ad9d A& 1
(Yes) ol obd AL 0(No)olth watx 93
D108} A& 14 e DI1, D12, DI13& 0
< YYAAT. o F2& FAW/AF Y (KL)
D65l g-8€rct.

~ 220 —



Table 3. Computer programm of canopy hood design
¥t : Input data
% : Input data on problum used

No. Items Unit Programm (Equation computed) Data
D 5 1ST STEP:HEART SOURCE AND H-

00D
D 6 1. length fo source (E) m -+D7+D8 1,000
D 7 A rectangular (circle)type side (diameter) m %
D 8 B. Square (Ellipsoid)type, short side m 3%
D9 2 Type
D10 A. Circle * 1
D11 B. Similar cirlce i 0
D12 C. Rectangular i 0
D13 D. Square ¢ 0
D14 3. Hood height (H) m
Di5 A at. H/E<07 m * 0.7
D16 B. at H/E >0.7 m * 14
D17 4. Ratio of height(H/E)
D18 A atH/E<O07 +D15/D6 0.700
D19 B. at H/E>07 +D15/D6 1.4000
D20 5. Width of hood (F3)
D21 A at H/ELO07 +D6+(0.8%D15) 1.560
D22 B. at H/E>0.7 +D6+4+(0.8% D16) 2.210
D23 -
D24 2ND STEP:RISING FLOW RATE BY

HEAT
D25 1. at H/E <07
D26 A. Height assumed (Z) m 2*Dé6 2.000
D27 B. Difference of temp. (At) € +D28-D29 1580
D28 (1) Source. temp.(tm) T % 1600
D29  (2) Inside temp.(t) T % 20
D30 C. Length of side(7) ratic  +D31+D32+D35 1.000
D31 (1) Circle * 1
D32 (2) Ellipsoid +D34/D33 0.000
D33 (a) Long diameter (a) m 1
D34 (b) Short diameter (b) m Y
D35 (3} Square +D37/D36 0.000
D36 (a) Long side m 3 1
D37 (b) Short side m Y
D38 D. Area of heat source (A) m2  +D39+D40+D41 0.785
D39 (1) Circle m2  0785%D7°2 0.785
D40 (2) Ellipsiod m2 +D33%D34%3.14 0.000
D4l (3) Squre m2  +D36%D37 0.000
D42 E. Rising flow rate by heat (Q1) m3/min 057/D30(D38 % D30)°0.33%(D27)°0.45%(D26Y0.15 16.060
D43 2. at at H/E>0.7
D44 A, Height assumed (Z) m 0.74%(2%D6+Dl6 2.516
D45 B. Difference of temp(&t) T (D46—D4T7)* (2% D6+D16)/(2.7% D6))"1.7 1067.73
D46 (1) Source. temp (tm) T % 1600
D47  (2) Inside temp. (t) T % 20
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D48 C. Length of side(7) ratio +1349+D50+D53 1.000

D49 (1) Circle * 1

D50 (2 Ellipsoid +1D52/D51 0.000

D51 (a) Long diameter (a) m W 1

D52 (b) Short diameter (h) m

D53  (3) Square +1)55/D54 0.000

D54 (a) Long side (a) m T 1

D55 (b) Short diameter (b) m %

D56 D. Area of heat source (A) m?2  +D57+D58+D59 0.785

D57 (1) Cricle m2 0,785%D36°2 0.785

D58  (2) Ellipsoid m2  D5L+D52%3.14% 0.000

D59  (3) Square m2  +D54%D55 0.000

D60 E. Rising flow rate by heat (Q1) m3/min 0.57/D48 % (D566D48)0.33(D45y0.45%(D44)~.15  13.935

D61 R e

D62 3RD STEP:FLOW RATE TO INLET

CRITERIA

D63 1. at H/E< 07

D64  A. Width ratio of heat source (F3/E) +D21/D6 1.560

D65  B. Flow rate to leak criteria (KL) +D66+D67 + D68+ + D69 2.183

D66 (1) Circle type ((0.08 % (D81 +1)2.6—0.02) % ((1.05/(D64)"1.4)+0.4) 2.183
+00012%D27y% D10

D67  (2) Ellipsoid type (((0.8 % (D81 +1)°2.6) % ((1.05/(D64)°1.4)+0.4) % (2.5
*(D30+0.01Y0.06)+0.0012% D27)% D11

D68 (3) Rectangular type (1 4%(D18)1.43)+0.25) % ((0.82/(D64Y3.4)+0.18)+ 0.000
0.0612%D27)% D12

D69 (4) Square type ((1.4%(D18)1.43)+0.25)%((0.82/({D64)'3.4)+0.18)+ 0.000
0.0012%D27)% D13

D70 C. Leak safety factor (m) @IF(D17)>0.15@IF(D71)>0.3@IF(D71>0.45,10.000
15,10),8).5)

D71 (1) Size of turbulant m/sec X 04

D72 D. Ratio of flow design (Kd) +D66 % D70 21.830

D73 E. Flow rate design (Q3) m3/min (1-+D72)% D42 366.634

D74 2. at H/E>07

D75 A. Width ratio of heat source (F3/E) +D17/D16 2.120

D76 B. Flow rate to leak +D77+D78+ D79+ D80 1.645

D77 (1) Circle type (0.21 %(((0.5%D11)+D6)/D17°1.4+0.21+0.0012% 1.645
D4Gy* D10

D78  (2) Ellipsoid type (0.21 % (((0.5%D11)+D6)/D17°1.4+0.21) % (2.5 %
(D43+0.01Y0.06-1.5)+0.0012% D45)% D11

D79  (3) Rectangular type 0.32%(((0.5%D16)+D6)/D22y3.4+0.2)+0.0012% 0.000
D45)% D12

D80 (4) Square type 0.22%(((0.5%D16)+D6)/D22Y3.4+0.2)+0.0012 % 10.000
D45)% D13

D81 C. Leak safety factor (m) @1IF(D82*% >0.15, @IF(D82>0.3,@IF(D82>>0.45,10.000
15,10),8),5)

D82 (1) Size of turbulant m/sec % 0.4

D83 D. Ratio of folw design (Kd) +D81%D77 16.45

D84 E. Flow rate disign (Q3) (1+D83)%* D60 243.221
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Table 4. Equation of KL due to each types and programm
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0.45, 15, 10). 10, 8).8, 5)

o} o] S X|qk 2kA 3} 3 ohS o] aobg
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@IF(D71>0.15, @IF(D71>0.3, @IF(D71>
0.45, 15, 10), 8), 5)
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ALE & £ Atk 1 olfe EFEE UED
(RIS S8E(PEL[ 17 22
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Types Equation of KL Programm
1. Circle KL= {0.08(H/E+1)2.6—-0.02} ((0.08%(D18+1)"2.6—0.02%
11.05/(F3/E)1 . 4+0.4)} +0.0012 At ((1.05/(D64)1.4)+0.4)+0.0012% D27) %
D10
2. Ellip soid KL= 1{0.08(H/E+1)2.6-0.02] (((0.08%(D18+1)°2.6)—0.02)%

11.05/(F3/E1.4+0.4) 125(7 +0.01)0.06

—15] +0.0012 At
3. Rectan gular

4. Square

0.0012 &t

KL=1{1.4(H/E+1)1.43+0.25]}
{0.82/(F3/E)3.4+0.18)] +0.0012 At
KL=1{1.4(H/E+1)1.43+0.25}

10.82/(F3/E)3.4+0.18){ (0.537 +0.47)+

((1.05/(D64)'1.4)+0.4) % ((2.5 % (D30 +
0.01y°0.06)+0.0012% D27)* D11

(((1.4 *(D18)'1.43)+0.25) % ((0.82/(D64)3.4)
+0.18+0.0012 % D27) % D12

(((1.4 % (D18)'1.43)+0.25) % ((0.82/(D64)3.4)
+0.18)4+0.0012%D27) % D13
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Table 5. Size of turbulant and leak safety factor

Size of turbulant{m/sec) Leak safety factor

000 — 0.15 5
0.15 — 0.30 8
030 — 045 10
0.45 — 0.60 15
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Table 6. Comparison of characteristics between #1 and #2 hood

Items (A) #1 hood (B) #2 hood (B)/(A) ratio
1. Height of hood H(m) 07 14 20
2. Hood diameter F3(m) 1.56 212 1.34
3. H/E 0.7 1.4 2.0
4. Height assumed Z(m) 2.0 25 1.25
5. Difference of temp &t(C) 1,580.0 1,067.0 0.66
6. Length of side 7 1.0 1.0 1.0
7. Area of heat source A(m) 0.785 0.785 1.0
8. Rising flow rate by heat Q1(m*/min) 16.1 139 0.863
9. Flow rate to leak KL 2.18 1.65 0.757
10. Leak safety factor m 10.0 100 1.0
11. Ratio of flow design KD 21.8 165 0.754
12. Flow rate design Q3(m’/min) 366.6 243.2 0.663
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