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ABSTRACT

The purpose of this study is to provide information on static pressure loss and emission airflow
characteristics according to the shape of ventilation cap. The static pressure loss by wind
velocity of ventilation caps with a diameter of 100 mm was measured by experiment. At wind
velocity of 2 m/s, the largest static pressure loss occurred in ventilation cap No. 7 as 251 Pa. In
addition, a two-variable correlation analysis showed that variables that are highly correlated
with static pressure loss are cap of adverse wind prevention, cap volume, cap open area. CFD
was used to identify static pressure loss and airflow characteristics of ventilation caps by
diameter. The largest static loss was 75 mm in diameter of cap No. 1 and 150 mm in diameter of
cap No. 3. This showed that the open area of the ventilation cap compared to the cross section
area of the duct affected the static pressure loss of the ventilation cap.

Z20]: 8712, YULA, SANL, O HREN, 5224 HMRH IS

Keywords: Ventilation caps, Static pressure loss, Loss coefficient, Bicariate correlation analysis,
Regression analysis, Computational Fluid Dynamics
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o%o] Flgure 11,]- 71—0] :,L/H ].O:h;]- ] 7/4\]_3_ Z17g71-_/1‘\_oﬂ 9,]6]— OPEﬂﬁ\_/U% 1:]:' /\]7]7 -‘H
31 250 mm x 200 mm, 200 mm x 150 mm, 150 mm x 100mm A] 7]2] o]& A7A-S A7}
AFgstach AdA oA 7= 1 2] 0|4 T7)782] HigEo 2 uijEE]2th Debimo
O] AFAR= FAAEE F45<l 10D, 55150l SDE AFSHATHKIMO Debimo Blade
Manual). SFIAZE TEEA]7]7] 9lol] 3-453 851501 10D2] PVCS AX[6I3iT: A¥
el 71382 sloll A AR == 27178 87115 A7 stiar, A A Eeke] A2 skal.

Debimo Flow Control

#100, 1D
Ll 100, 10D ‘B'ade‘ 3100, 10D ﬁ’amPer ©100,5D
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S — ——
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Figure 1. Experimental Composition for prediction of static pressure loss in vent caps

AFO] ZK4A MP210S o851 5= O*“E}. 544 % P% (1) 013°P°4 A
Z5FTh 71942 Testo 5112 ©]-8-5to] S5t AAA| Als-2] 2= Z‘@ST-type%ﬂ
AYE o]-g3stct. 37178 2 100 mm PVCH 1D A, 3l 92(S1, S2, S3)°ll 217 10
mm¢] KIMOA] Ref 483 1= AYE & 2|5} o8& S5k

Table 1. Measurement equipment overview

Category Measurement range Accuracy Resolution
KIMO Debimo blade 0~40 m/s 3~5% -

+100 Pa:40.2%+0.8Pa  +100Pa: 0.1 Pa
KIMO MP210 (MPR500) 0-£500 Pa except : +0.2% + 1.5 Pa except : 1 Pa
Testo 511 300~1200 hPa +3.0 hPa 0.1 hPa
T-type thermocouple -200~+400°C +0.4°C 0.1°C
KIMO Ref 483 - - -

— .| 2AP
v==Cp 5 [m/s] (1)

o714, v -5 m/s], Cp= Debimo blade 2] Al 0.8165, AP Debimo©l| 4] S #1Q¢
7} Aol AEAHPa], o= Ui [kg/m’[ & JPIFHCHKIMO). o]mf AR§-E]i= W= Debimo
o] nfirdo] what 4] (3)S o]-gate] AHEBIITHKIMO). 214 T2l pvCaollA] ofe] 34t
7R RS 712 Qs B 178 0 2 3717 e E A A9t Ao AR HE 4
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Table 2, Test Cases

Ventilation Cap Models Velocity (m/s)
No. 2 No. 3 No.4

2~12
(each2 m/s)

vz
I e 7T U 2O0ls2et MY &40 2

a171740] @dol met Al o2 AR 4 Qs 2 Eo] Dtk 2717 No. 20 A
%é% 10.5 m/s 7P B4 AAT 4= 9121eh B717 No. 49 8717 No. 8. A &
& <, 87178 No. 72 ] 345 2.4 m/s 2 512]

Figure 2= A9 Caseol M S5 3 & dlols2pet A &4 ¥ l—% LR S E‘r
_]
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Figure 2. Variation of static pressure loss with changing ventilation cap models using Air flow
rate and Reynolds number
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Table 3. Static pressure loss regression equation according to airflow rate and reynolds
number by ventilation cap models (y : static pressure loss (Pa), x : airflow rate (AR) [m?/h] or
reynolds number (Re) [-])

2;?;12221: Regression equaion R? Effective range
AR y=4.410E-03x*+1.449E-02x-1.907E+00 ;
No. 1 ) 1.00 Less than 210 m’/h
Re y=8.728E-08x"+1.434E-04x-2.844E+00
AR y=1.442E-03x" "+ ,
No.2 ) 0.99 Less than 300 m’/h
Re y=1.966E-08x"+1.439E-04x-1.393E+00
AR y=5.249E-03x+5.591E-02x-2.372E+00 ;
No. 3 ) 1.00 Less than 190 m’/h
Re y=1.060E-07x"+2.959E-04x-2.709E+00
AR y=1.973E-03x*+2.997E-02x-9.390E-01

No. 5 5 0.99 Less than 260 m*/h
Re y=3.985E-08x™+1.749E-04x-1.418E+00

AR y=1.534E-03x*+6.206E-02x-2.472E+00 3
No. 6 ) 0.99 Less than 260 m’/h
Re y=2.977E-08x’+3.745E-04x-3.341E+00
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AR (Airflow Rate)= g0l =240} A9 =410

St Aot Aof| gl 31714 Ao oigt 8]
212 Re (Reynolds number) 2 F7[5}3I0h A7 Casem|th A H F<0] th27] ol o
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IBM SPSS Statistics 255 ©]-8-5t] AU &4} £4A19= K, & 7+ FS(Cap of Adverse
wind Prevention®] -5, ¥, -7, Cap Volume, Cap Neck Area, Cap Net Area, Cap Open
Area, Reynolds number)7}F o= AFHEA-S- A AISHST

Figure 3-& JTHEAS 918 27178 F9S Aozt Aolth =iUjellA 71 Eo] AR8=+=
37178 No. 1-2 |2 E0] A5t Figure 30 a)= 7178 No. 19] 552 LFERAL
o} e o = AR Jo2 2|30 HllE B9t R 717 s A © & Cap Open
AreaZ A|ASIAATE FF W] 742 -F-5E Cap of adverse wind prevention(olﬁl- C.AP)
O 2 2145t Aot 4 B EAA K, 2R AFHTAIE A SIS 38 Ul e 5
2] ol A FE] oF WA 7 Ato] F7He] & Cap Volume 2 & 2|51 Figure 3]
b)= 2717 No. 12] U 255 LERIQITE T34 0 & FAJH HA2 YE | 2hEe)=
271749 HA 0 2 Cap Neck Area® A5, Tt o = 37]5H G2 27|73 Ui
Ax] = o] Sl el -7 WA HAS Y™ Cap Net Area® Z|7JsH3irt

Cap of adverse wind prevention

) Cap Neck Area
( Interior : Cap Volume ) S

Cap Net Area
Cap Open Area

(a) exterior (b) interior

Figure 3. Definition of ventilation cap area for correlation analysis

Table 4= JTHEA 0] ZHE YER QU A2 & 87129 Big= 4613l o,
CAP—Q']%%‘%}Z] 789] 355 el o] 27178 No. 71+ 27178 No. 82 &% H#]-8 7Y
ol =02l gto g, 11 9 3|FHe 19 7o 7 BASHYIL}. Static Pressure Lossai-2S1, S2,
S3°ﬂ/\1 SAHE A S| kS ol 85tk A &AM 2o kS UEUl= M=
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C.A.P, Cap Volume, Cap Net Area, Cap Open Area%1!, ~1 2= ko] AHS- LFER QI

714 2] ZHE0] 0.0501511 AT A | =2 = C.AP, Pressure loss Coefficient,
Cap Volume, Cap Open Area©|t}. £SAA= K, @F FO] A& LFER = T4 Static Pressure
loss7} 9, 1 ef= 50 e ESIH. o714 APt 2 WiE C.AP, Static
Pressure loss, Cap Net Area, Cap Open Area= 37}t

Table 4. Correlation analysis result about static pressure loss and pressure loss coefficient

C.AP. SP. V. AR. PC. CV. CNA. CNetA. C.OA. Re
S.P. -0.593" 1 0.194  0.194 06127 -0492" 0.030 -0275 -0.603" 0.194

sig.  0.000 - 0.288 0288 0.000 0.004 0.871 0.128  0.000 0.2838
P.C, -0.762" 06127 -0375" -0375° 1 0453 -0294 -0.612" -0.603" -0.376"
sig.  0.000 0.000 0.035 0.034 - 0.009 0.102  0.000  0.000 0.034
C.A.P. : Cap of Adverse wind Prevention ~S.P. : Static Pressure loss (Pa) V. : Velocity (m/s)
A.R. : Airflow Rate (m*/h) P.C. : Pressure loss Coefficient (-) C.V. : Cap Volume (m)
CN.A. : Cap Neck Area (m?) C.Net.A : Cap Net Area (m?) C.0.A. : Cap Open Area (m?)
Re. : Reynolds number (-) sig. : Significance probability

*.Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

CFDO| S2J2 A4 U Mz|= &9l

CFD sl 72

B AATto] AlEo]A4-2 ANSYS FLUENT 2020 R1-2 o]-83}o] 3451tt. CFDO] &
A AT A= SRS fIol] Al 38 AeS 719k 2 S5l Alg el
oA F2 AR E T Q1= 317178 No. 17} 27178 No. 3-8 B 2 | Adeteich 4
9], 2017).

Figure 4= 514] tao] 371} A7) 748 Lehiich, Zzte] 44 Ao} o] Anke
H7] 91t HH2 7|7 S S 02 42 T A-A° 2 YERHSITE 71572 QFg-S flof] 3t
7175 =77 0] B ol | miz sliet. a4 iR 2, o], o7b A7 me)
B2 TARHOR, 1700 G ARl § A e shdck grele v
S 971740 256 0.1 m Hol2] $1X]o]l 42, 512, 2] ¢
shick. $717 o] Baslr] whizel CFDO] 2214 Ay

27102 ki), $717 WA H AT edge L
9] Az} 7= oF 1307Hle ok

‘ﬂE—J QIG-E Velocity inlet, £+7]1782] &7 Interior outlet, 25 -2 Pressure outlet
© 2 A5 Velocity Inlet-=2F]78 No. 1914 525 6.10 m/s, 4.10 m/s, 1.97 m/s 2 5]
251990 2E7178 No. 3+ 355 6.08 m/s, 4.08 m/s, 2.03 m/s 2 A oA SHH A=x ]~
BAZE S = shASHITE A Al SR A RS Sl £ o= o] 85It |

I-D
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g8 Bt 20| it F-s ol Bt s o] A 7 A s sl 7P HgH o2
AFEE]T1 Q)= Realizable k-epsilons AF86FtHMikhail and Panel, 2013; Liu et al.,

2013; AW FFE, 2017).

(a) domain for CFD Interpretation (b) grid on domain

Figure 4, CFD analysis domain and meshing

CFD 8liAd Zat
197} CFD sl AR AT} A= e 21e1sl7] S1ad At e Bed 2708
51k, #7178 No. 13 87178 No. 32 37141 2] 542 2451909, 37 $12]ellA ] oF
& Tslo] At vl sk

(a) No. 1 (b) No. 3

Figure 5. Velocity distribution by ventilation cap models (velocity 6 m/s )

Figure 5= 3501 of 6 m/sd wf 217|742 ?é—\T w3 Aot} giA] Aol 2717y
No.1-2840] 6.10 m/s, 4.10 m/s, 1.97 m/s 4 d
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7173 No. 101149] @24= 1.3~10.2% H¢] ol AUk 27138 No. 3+ 3501 6.08 mys,
4.08 m/s, 2.03 m/s o FFS SHoIATE 2 F5ollA] AR 162.33 Pa, 73.97 Pa,
18.20 Pa©] 1! SAA%ES 143.32 Pa, 64.71 Pa, 15.72 Pa©| At ©1714 317178 No. 3014 22}
=11.7~13.6% Y ol 2Adeh @2ke] 971 10% Wielo|n g s mele AZAo] 9l
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7138E ARSRITE RS F9ll 217 100 mm o] #71388 o]-85to] 53 Aot &4
7g51%aL, CFD oM 0 & A dat A=l dS melsigich. AgollA Aidska] 25k s
739 S 170 A A AT SIS Al sl A= EE Eeltrealizable k-epsilon
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Figure 6. Variation of static pressure loss using Reynolds number by ventilation cap models
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2173 100 mm] A7H= CFD 224 A4 2 A=) 811 27kg AFgstert. Lo
27 b Bl kel (A) e 8717 i R (A, 0 glole o] AJAR Fatoirt A
A $7170] A2 Aol 22 mElsle] A BA L AESHAT. A4 8717 A2 el
2173 s} 4] & 4 Gl o) AYAL TF21A0] fls AL 2 4 ik 2701 75 mme)
% S AJASH A £40] §AIHATE. 27 125 mme} 217 150 mme] $717 No. 3
1= $717 No. 155} AJAZH2ho ] AT 24l0] 21}, web $71780] @Afo] et &l
2 g HAE 2 & 4 qlolct

B840 = Euler 8 9Ju[ol= SAAIG KB A (2)E o8t 4FE3HITH Cortes and
Gil, 2007; Zhao, 2009). 7174 No. 19] £4A== 27 75 mmollA] 6.71+0.06, 217 125
mmeA] 3.58+0.03, 217 150 mmol|A] 3.32+0.05 12|11 217 200 mmol|A] 4.47+ 0.03 22
AF=E ) 37138 No. 39] &40 217 75 mmollA] 6.79+0.003, 217 125 mmof|A]
7.65+0.02, 217 150 mmoflA] 10.23+0.06 12|11 217 200 mmof4] 7.65+0.11 2 AFEE|]
o}, 27 75 mm Y ©f) €770 SAATE 2 % & 4= ATk 27 17Hell A 27
i 2 glolEzol] mhE A4 &4 AW AS Table 500 AXSHITE SJAAE 5
2~10 mv/s WollA] a5t 2E Caseol|A 3] AA19] 24 A4 R*2 1.00°]t}.

Table 5. Static pressure loss regression equation according to airflow rate and reynolds
number by diameter of ventilation cap models (y : static pressure loss (Pa), x : airflow rate (AR)
[m3/h] or reynolds number (Re) [-])

Ventilation . . . 2 Effective
Diameter Regression equaion R
cap models range

AR y=1.628E-02x>-2.924E-02x+3.564E-01
Re y=1.562E-07x>-9.058E-05x+3.564E-01
AR y=1.115E-03x>-1.377E-03x-1.374E-01
125 mm ,
No. 1 Re y=2.973E-08x’-7.111E-06x-1.374E-01
AR y=5.069E-04x*-4.641E-03x+1.888E-01
Re y=1.946E-08x>-2.875E-05x+1.888E-01
y=2.065E-04x>+4.565E-03x-1.202E+00
y=1.409E-08x>+3.771E-05x-1.202E+00

150 mm

200 mm

1.00 2~10 m/s
y=1.614E-02x*+2.774E-03x-6.219E-02

y=1.549E-07x>+8.594E-06x-6.219E-02
y=2.358E-03x>-2.102E-03x+3.647E-01
Re y=6.285E-08x*-1.085E-05x+3.647E-01
AR y=1.529E-03x-8.680E-04x-2.694E-01
Re y=5.868E-08x’-5.378E-06x-2.694E-01
AR y=3.679E-04x>-4.153E-03x+1.291E-01
Re y=2.510E-08x*-3.430E-05x+1.291E-01

75 mm

%% Fx%

125 mm
No. 3

150 mm

200 mm

“AE FETE 5O Z|ARAR|e] AA] 71Ee] ofsf AR A ue )=
7] 9EQ] 2174 0 2 125 mmE Eo] ARE3It) Figure 7-2 2173 125 mm o] 8] 7o) <4
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71F7h RS Y S Wske Zhe & 4 33l F @ =
oot vl A vhe Aok A4S vhehiolet. T3k 217 125 mm ] AJ/AE 27178 No. 16114
0.63, 27178 No. 39114 0.56 22 27|74 No. 12] 7HHFH 2] v]&o] o] At} 12 QIste] 3]
74 No. 19] % =42 8717 No. 39] %ok A W o} 2Qlch
Table 62 F<5°] 10 m/sd o 21758 71710 £Ie 225 eI 273 150 mm,

200 mm&] B3 AR AErsht, Ao o] B 22 2717 No. 1041 9] 0] B 2 A
= =5 30k B B No. 12 371 /A ko= 7177 23541, 27e] 718
FE 715 o] A7t AR 27138 No. 32 948 17] Kol 7|57 Fes] flg o
EIE RS & 4 A8, Aol AR 7R e 17 /i Rk = Sk Ak

500.0

437.5

375.0

312.5

250.0

187.5

125.0

62.5

0.0

[Pa]

(a)No. 1 (b)No. 3

Figure 7. Pressure distribution by ventilation cap models of diameter 125 mm (velocity 10 m/s)

Table 6. Velocity distribution by diameter of ventilation cap models (velocity 10m/s)

) Ventilation Cap Models
Diameter
No. 1 No.3
75 mm
125 mm
=
Scale : : I it

105 131 158 184 21.0
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