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A Study on the Optimal Orifice Location for Air flow Measurement
in an Air Duct Leakage Tester
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ABSTRACT: In this study, five experiments were carried out, with an orifice located down-
stream of a fan in case I where upstream duct length is 6D, and that in the downstream is
4D and different downstream distance to the fan in the rest, so as to determine the optimal
location of the orifice and reduce the duct length of airflow measurement device. The re-
sulting flow rate-pressure drop correlations were found to satisfy the limitation of SMACNA
standard, which specified an error of +7.5% based on the real flow rate. Also, the best one of
five .cases was achieved with the orifice located midway of the orifice duct four times its
diameter long.
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Fig. 1| Flow measuring system of duct leak-
age tester.

BZ2H QYA HAHAX HPo]| T

A+ 187

rg_:

o AFEE YUt 2dolA Roje ube}
7o) SMACNA 2V E cguxe 7
37 2720 9Asd, 292 W F9 A
HeE Zolst 27 HEAE 6ulst 44 o)y
gasith oldg AMYES oz YEFTIA
H2 AR, olF % n#IEH oHSE FI
A th.

dEeS dolg olXNd ZA slof HE olf
g2 FFA £357) EFAME &%1_{1
S ol g fFo dste] BARY FFol
waaty] g2t wead avas $£%7)
272 g4 wzd Y f50l EAse o
Fao] FANAGR, ez A - Fo| H4d
B9 ok ZFolT AT BuHEDh

2 AFA= SMACNAV N 209 de¥
71N 8 71e] EFER IR AEHE 28329
X ol A - Fo) AXHE Ao & %23
st HAeo s YANE MAINR laiﬂ
anzyy ETANUNE FREAA 2
fAsAA FR e £Y3}E olFx

ﬂl

4 AREE
A gk,

2 2eluA THEHEX 14
2.1 KS +4

ST AE o83 FZEAuY) dlg KS 7
A%(KS A 0612 2Y7) T A% 7

& 9w BE AL HeHY, £F7] T
20 9N® eaANAY AE A4F AMYE 2
o7t HE A Es] 300 olAolojot GThu TH
Boh o] AG Aws AUs 2AHo| i
HAQAL e 0%ttt o] FAA ALEEHE

cem~ gve gAxst Fade BAYE o
3 2o,

Q- KeZ ppy 24E (1)

A HelH ex HaARRAALOI, KE 73
As2A 4EA%, C% 9E AZd U 23
U

% |

sjzel A 8ul, B(D, /D) BrBANE
E}LHOVWP KS 70 tig uoh 4A% We
22 gzay) v



188 o]

22 SMACNA 732

SMACNAVAIA FARSE 22328 o8
FZ2AAANE HEFI|A 7l Z3ET, o]
TFAAME gA 71€3 KS 73 vlal 229
2 A% JHAYE Zolst Frh olEF ol
odlA SMACNA 73X = FFEAHALZAY o4
2 ) 275%2 TFASD Yt o] FAAAAM A}
£HE 8da gy dHAe} FH #A
A& 4(2)9 2},

Q=0.01139 KD}V 4P 2

714 FEFAS Ke 94 938 KS 4
AXe Ce gl oA g, SMACNA T3l
A= Reynolds 27} 10° o142 wl, Table 1o
b wiel 2& ge] ol wE AR P o)RL
oln} ACGIH(American Conference of Govern-
mental Industrial Hygienists)(G)Oﬂ MNE B3 vt
gom, Re#7t 10° oldelz f59 4E4 A
27t e & A, AFaFAME 5EF
23 glo] A28 H4¥ 4 Jvn Eug =

@

QelwA HHAX MY

El
b

3.1 HEFEX

#

*e
0%

salF 2 HAYAXE ARV A3l LHL
o] 9ixlet A -Fo| AMHES ZoJo) uel B
5 571" A% dig d¥9e A4 Table
20l £ Ao $yd dIdEFFS ehA
t}. EolA case 1€ Fig. 1o Jeld uiep 2ol
SMACNA 4ol ejAste Aztd Zfolcth case
M~case VE 28929 927} SMACNA 73
s ogg %71 4759 Axd Bgeld, 2 A
Qo the 2EE2 H T AMYE Ho| L,
3} Ly,e Table 201 Jeb Aot

Fig. 291 case Il~case Vel th3t HFAXE
et lel. Case 19 de AP Fig 19
Z7d HEFHSZ FFE 28] 94T AAMY
EZ} F71H8, )& AQY HPFA £ Fig. 2%
FYgsich

APAAE $F7), 2892 4o AY4EF

Table 2 Experirnental cases in this study

gl
A Orifice location L, L,
Table 1 Airflow coefficient in accordance with Case 1 Fan o'utlet 6D, 4D,
orifice diameter ratio Case II Fan inlet 5D, 3D,
Case 1II Fan inlet 5D, 2D,
B 070 | 060 | 050 | 040 | 030 Case IV Fan inlet 3D, 2D,
K 0699 | 0650 | 0623 | 0608 | 0.600 Case V Fan inlet 2D, 2D,
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Fig. 2 Schematic diagram of experiment set-up.
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Fig. 3 Normal velocity distribution of a fan
outlet section.
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Fig. 4 Comparison of 4P— @ from KS stand-
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Table 3 Results and errors based on experi-

ments

4P Qks Qs @, €51
12.1 3134 305.3 3154 -32
28.7 476.8 470.2 483.6 —-21
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4P Qks Qs2 @ €52
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4P Q4 €54 Qs €55
125 305.2 1.7 3114 -04
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72.0 760.8 -21 763.1 —24
1125 956.7 =27 954.4 -25

N eaE g A3t el Bostgt

4)

85— @ . 100[%
) 00 [%6]

)
I

9 AdA Qg Zt ¥¥(case [~case V)M &

Ad FFS E9¢oh BAA HA KS, S1~S5 ¢
1~55 Z+z} KS 77, SMACNA 73 % case I
~case V& 9|u|dlc} KS 7243 SMACNA T
Ao Az A1) (28 ol &dte] w3l

F oA i & vbo}l Zo] case 19 A$, A4
Aol ZHdE FEE 71§22 SMACNA
7 9] @th oF —-32~-08%9 2i& Holy
Aoz & At A A-Fo HE
ZolE& SMACNA 3R &#A 3 case I~

case Vo A7 E3 & —-29~30%9 o2 F
AXFE ¢ F Ak ol#F AR B 4
PoljA 28Hx A Fo] GE oyt A} #F
© case V& X% ZE 7 $7F SMACNAS
23242 AREAY 275% olvie AL
@.?oﬂﬂi A Qegnzd Hz]“ 23
& A -F9 AHYEY Zo|st /1A Fon, &3
A ¢ FAEE A9 sgEn g 2
A9 é#ifa case V7 A9 oy x 9
2| o] A% HEFIIANG7 FEHESFFA
9 ZAF3E o|E 4 rtn dddd
o]Zo] #FAsEAUYH & HAUEE FA 34
A SMACNAoIA A" Ao ZFseln
AYEZ FXNE FHEL 4+ Yot Arrdrh
4718l Axz vlRo] g o SMACNAY

HEXIANY7] EFEPAN eFs 9 B
28)ms H - 59 HE Zold) U FHe) AA
o] aTHT} w FR=AAN thd ARFHO
g FFHuNeHI F2L HESVAEY
el B3 7 FEL AU {9 FAHAANEY
Hol B3 KS 74 B |d3Z27r7 vrddod
ey ARASNA HE AFE F Y& Aotk
4.8 =

B A7 = SMACNAVHN 8% gEY
7INE 79 FFEAAA AlLEHE 22Ty

¥ AHEE Polg 27

Axs 22 A

s FHA9 eed2a A& A, oHE
A%z REH YETIIANE7E %L’%”é%‘ A9 &
A AUEE FAEA A £¥5E olF2

A 2% 574A Ago] U 488 A
a2 2% Bed 2e FES AU
(1) & A7 A4 £%7 &7 dweln F



HERIIAEY S FEEA 2vae

€ 4dFdA A&z 183
m/s, StGFAA Ha £52 83m/sEA EF
&3 g s HgafEer
Rol o3 A A F HE Zo|& Zo|y] ¢
AME %7 272 AXT 2y 2E Hin
2 dAdd FFol EAste £F7 YTFZe 9
A A Ak gk
2 & A7eA 49 e d- 59 3
MYE Zoj7t Mz tt& 57lx] A$e 4¥4dx
EF SMACNAY HEF7|ANE7IE ¥FEH%
A ABEAQN 2R +75% oy AL gt
SR kA= z g8 5712 B F, yHs
10]7} 7V &2 case V7 33
FTHEHAAY 4£¥3E o

8
m\l

3
ais :

7o ARE v Fo] SMACNAS H
THEAEA F49 AHol 87

43 Fag Hug
Wl FAAYRE B KS FAG £ A7
37b 2gE FREAFA @ ARFP) &
sl @ Aoz ARdc
Hnes

1. Sheet Metal and Air Conditioning Contrac-

HHAR AA B A7 191

tors National Association, Inc., 1985, HVAC
Air Duct Leakage Test Manual, SMACNA.

. Korean Association of Air Conditioning Re-

frigeration and Sanitary Engineers, 1999,
KARSE B 0016-Test Code for Leakage of
HVAC Air Duct, KARSE.

. Korea Standard Associations, 2001, KS F

2282-Method of Test for Leakage of Equip-
ment Units for Dwellings, KSA, Korea.

. AMCA Publication, 1990, Fans and Systems,

AMCA, Illinois, USA.

. Korea Standard Associations, 1997, KS A

0612-Measurement of Fluid Flow by Means
of Orifice Plates, Nozzles and Venturi Tubes
inserted in Circular Cross-section Conduits
Running Full, KSA, Korea.

. American Conference of Governmental In-

dustrial Hygienists, 1976, Industrial Ventila-
tion-Testing of Ventilation Systems, ACGIH,
Lansing, ML

. IS0, 1977, ISO Standard 3966-1977, Mea-

surement of Fluid Flow in Closed Conduits-
Velocity Area Method Using Pitot Static
Tubes, International Organization for Standi-
zation, Geneva, Switzerland.



