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Flow Rate Calculation in the Auto Air Leakage Volume Test System
Based on Constant Pressure Method

LIYa, ZHAO Xin, LI Zhenliang, XU Wei
(College of Mechanical Engineering, Tianjin University of Science & Technology , Tianjin 300222, China)

Abstract: An auto air leakage volume test system based on constant pressure method was designed. Using standard orifice
plate as throttle device, after testing some original data such as the differential pressure between both sides of the throttle
device, temperature of the dry-bulb and the wet-bulb, and so on, the auto air leakage volume can be calculated. The formulas
and methods involved were demonstrated in detail and the experiment was designed based on an analysis of the measurement

theory. According to the result of the experiment, this method proved stable and reliable and can satisfy the requirement of

the measurement.
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Fig.1 Structure of the test system
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Fig. 2 Test site
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Fig.3 Dry and wet bulb thermometer

2 WRENHERX

2.1 HEAKX

MR AR E S R AR R e o 72
AR, AT AR BT R AR i a2

Ce T o,
q, = 5 de m
Ce T o, [2Ap
qV:WXZd e

Kb g TR, ke/s; gy HERBUR R, mYs; C
J R E G e NPTIEAKYE RS d T RAITALE
?I(,m;ﬁ jﬂﬁﬁ}t[ﬁt,ﬁZd/D;D ﬂ?%ﬁﬁ‘]ﬁ}t,m;pl K
BEMPRIRE T, ke/m’ s Ap T HAFBIMIAY 2R, Pa.

s TP, SR EESANRE J, B,
pi, Ap WG C,e NGt a. WRAIHLER d
MAEENGE D AT DA R &, A EAR L g =
JE Ap WA BTN E T2, B2 Rk
5. BRMRARE R py R TWRERIE AT (K 3)
DU 3K U AR BRI, PR AT . i
RE C ARSI L, AR A A A DC S A (LR
RoF BURN B BRI EEE) TR, vk R
B e SRR AAGE 1 I AR AR A 5 R S R
A IE.
22 HWHEREH

(1)



2013 4E 2 W, G SETIER AR 4 e WU R S O - 61 -

_ SEPRUE
OERVR
WRAHEFL, FEANE D =150.2 mm, Rff
PR, A i BLAE s AT 4 b (Reader-
Harris/Gallagher) 2y )y

6 0.7
C =0.5961+0.026 15> 0.2168° +0.000 521[10 'B] +

Re,
. 106 0.3
(0.018 8+0.006 34)3 (—j (2)
Re),

K. B=d/D N HEZIW; Rep J 4 1 B #4515
A=(190008/Re,)" ;

KT AR R C, SR ERIER.
WEHCERIE AR SR 1 — 240, Hatm A =oh

4 4
Re, :ﬁ:i (3)
nuD nwvD

K AR s I FE I, Pass; vAIRIERIE S,
m?/s.

R 2 S s 1B EES 0.017 5 mPa-s (B35
k6] . =X )AL Q) ATl R AL 2]
A1, BERESR BT BRI R B AR I
i, R A ]S SRR R 5k, B
ARG, S0 F— G PR GAE BV AT 58 58
UL 2.5 7.

2.3 TFIAKRE

A ik 22 BO X ) 2R P T R AR A T i A rh %

FEARERIIEIE, o SR

o=tV B @
Cnd’*\[2ApX p,
XF T UM, H i AR K B 1) SR AR 1]
AEERA B AR, Eham a8 (AREM
JEEE p, / p, =0.75)

g=1—(0.351+0.256/3“+0.93ﬂg)[1—(p2/p1)”r} )

s e AR E po AT TS, B B -
Ap, B =101 325 Pa JHfERSE, Ap 5 A mfi
(2L 5 pi AT IAE RO T, B B.

ARG T A B R AR AR R IS B R R
%, i Bk AR R Ak, O FRAR R, AT B AR ) — 4k

ARG
p, \N P>

S AR A A, A

c
T @
K2 Cp = apta| T+a, T+as T, 9 SAREY FEE TR BVES
H gy a . ay.ay WIETE R (ap = 28.15, a) =
1.967 x 10°, 4, =4.801 x 10°, a3 = - 1.966 x 10°) ; T H
BRI IHRE, K.
X (D ACAZ(S) , BInT 452 n] i ik 255
24 REEZE
SEG R RN AR O 2SR TR, R H S ER
RIS SMERE, 7 H UL, 40 M A 255
FEFIH 28 B
WX ZRGH 3 AT B0 A T BRI
H A THRERIEE 6 M T TEREE 6, HEdiAE
s R E .
e, SR A TR BRI T MK ZE 0 R
j][slpq,b:
M =0~200 CHF, £
np, ,=a,/T, +as+a,T, +a,T} +aT, +a,InT, (8)
K as—ao W E R B (as = - 58002206, as =
1.391499 3, ag = —0.048 602 39, a; = 0.417 647 68 x
10%, ag= - 0.144 52093 x 107, ag = 6.545 967 3) ; T,
A FHRER IR 240
RIE, R py » HE KRS RS,
p,=p,,—F(t,-1,)B 9)
K. F=0.000 01(65+6'—Z5j At EE v X
LB 4 m/s. 2SR BT ST PR SRR, B
TR BRI AR AER. M ME v=2.5~4m/s
i, BERIE TR,
B T ASE A F 25 S B (A7l kg/m’) -
B P
£, =0.003 480,001 32% (10)

Kb, T A B TR 2R
&, B E TR EAE IE TS 245 51, B
B RYi
T
Ps=Pig (11)

3

A, 75 9 BRI R

e UL, RGP A P TERI T, BAR
TE[F—= A, (HEA AT RE2 AT A2 1], HiE e T3
P2 U . A I 28 U R A XU A
FURUEE, FH S 128 SO BE R AR 0 A 3 1T R
25 WETEMEREEL

SRR R VBRI ) 28 B 20 5e A I A



c 62
AR AL, TSR I ek S R v ORAL ) R
LT ] — MR e . T AR 4
B,

| W 555 |
A H W Re ,=10°
(& Re = o)
|

Y

A Re 1 B
R Q@)K itk R EC

!

RHC. e, d.p. Ap
()R A iRy

Wi qg. Doy
M@K HHERe,

| mmmeonnm, |

4 BIREFERITERE
Fig. 4 Calculation process of loop algorithm
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Tab.1 Test results of a car’s air leakage volume

N Z=H s SR B XU

Ap\/Pa Ap/Pa p/(kgm™) O/ (m*h™)
3.8 39.0 1.143 1 25.5
20.2 77.0 1.1527 199.1
46.0 237.4 1.1297 350.4
63.8 349.2 1.1122 427.4
83.0 473.6 1.0856 503.8
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Fig.5 Curve of in-car static pressure-air leakage volume
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