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Abstract

The method of mass flow rate measurement using a critical nozzle is well established in the flow satisfying ideal gas law.
However, in the case of measuring high-pressure gas flow, the current method shows invalid discharge coefficient because the
flow does not follow ideal gas law. Therefore an appropriate equation of state considering real gas effects should be applied
into the method. The present computational study has been performed to give an understanding of the physics of a critical
nozzle flow for high-pressure hydrogen gas and find a way for the exact mass flow prediction. The two-dimensional,
axisymmetric, compressible Navier-Stokes equations are computed using a fully implicit finite volume method. The real gas
effects are considered in the calculation of discharge coefficient as well as in the computation. The computational results are
compared with the previous experimental data and predict well the measured mass flow rates. It has been found that the
discharge coefficient for high-pressure hydrogen gas can be corrected properly adopting the real gas effects.
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Fig. 3 Static pressure distributions at the nozzle throat and
nozzle exit
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Fig. 4 Vanations of average mass flux with the Reynolds
number at the nozzle throat
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Fig. 5 Sonic lines at the nozzle throat
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Fig. 6 Experimental and computational discharge coefficients
of the cntical nozzle flow meter

) g A 5] A5t e
HAS) 52 RAKEL) Steod RedlichKwong A A&
AEE SR Ao, AIAe ade e ge
299 FEARODE 712 NS oled ol AnE
dehdd 3, dolE247t S fEASE Lol
BN Z7hke) CpL0o) 91, Aels=47) B8 2AaH 4§
FA5E B B2t C<Lo0) A, olaﬂ% o) Af)
*}%*1 A ERE nesH) ga, oTlAE 1A
12 4387 Fel, we A 0 3

4<1.0°l HEE 7] 5o, AA7iAY a9E 1Ed 73
5 B2 Yt A7 a9E ned f3dAse
31101***7} S7F8H Co=10 23t Z713 &, 437
TE Rew =0.56x10 (po/ps= 200)°16H oA ol d71A e
Zé*—l" AR AN FEAT A YA Fo|E
2%7} t% Z7)hd Redlich-Kwong AE|AA1 S AFE3F 4]

Attel A oA AN 18R Aostel A
o7} AL ol ol AYRFE FAAMY Az
E89) BTUES BFAEE o] A,

28, BU0)2 HEAN@E oA st ol 2
TS AW e, A 7B A9 D2 £

FHE "}E]r‘f“_‘:}.
4 2 E

2 dFdME dARE S e a1y £A7)A9 fEE
e AL ol 4714 el Al s} Redlich-Kwong AFelu)

AAE AHgste FAAGS TR oH, 89 FEATE
o d7IHZ ZHAHS A9 AR aFAE T Aol o
3te] ARSI & dolA dojit 482 g 2t
L dARZES Bk 1Y $47)14 +5< Redlich-Kwong
FHEA S AHEEt] A" BAbsHiT
2. 38t} FAZA SEANA HolERET} Rew S0.56%10°0)
ol =9 HAA71A e a3 nEsof st

3. OM7IAE TR 3 AA Aol ol AR
Bty axgh dA7)Ae g3 aestd AA el of
E A3H3RY 34 A

% 7]

=206 BEREHUATY FHYEATY A9
o2 susgen, ol FAEHYT)

[11 Kim, H. D, Kim, J. H, Park, K. A, Setoguchi, T. and
Matsuo, S., 2003, “Computational Study of the Gas Flow
through a Critical Nozzle,” IMechE Journal, Vol. 217, No. 10,
pp. 1179-1189.

[2] James, E. A. I, 1984, “Gas Dynamics,” Allyn and Bacon, pp.
53-55.

{3] Nakao, S., Yokoi, Y. and Takamoto, M., 1996, “Development
of a Calibration Facility for Small Mass Flow Rates of Gas and
Uncertainty of a Sonic Venturi Transfer Standard,” Journal of
Flow Measurement and Instrumentation, Vol. 7., pp. 77-83.

[4] Park, K. A, Choi, Y. M,, Cha, T. S. and Yoon, B. H., 2001,
“Evaluation of Critical Pressure Ratio of Sonic Nozzles at Low
Reynolds number,” Journal of Flow Measurement and
Instrumentations, Vol. 12, pp. 37-41.

[5]1 Geropp, D. 1971, “Laminare Crenzschichten in Ebenen und
Rotation Ssymmetrischen Lavalduesen,” Deutsche Luft und
Raumfahrt For Schungsbericht, pp. 71-90. .

[6] Tang, S. P. and Fenn, J. B, 1978, “Experimental Determination
of the Discharge Coefficients for Critical Flow through an
Axisymmetric Nozzle,” Journal of AIAA, Vol. 16, No. 1, pp.
41-46.

{7] Nakao, S., 2005, “Development of Critical Nozzle Flow Meter
for High Pressure Hydrogen Gas Flow Measurements,”
Proceedings of JSME, Fluid Dynamics Section.

[8] Augnier, R. H., 1995, “A Fast, Accurate Real Gas Equation of
State for Fluid Dynamic Analysis Applications,” Journal of
Fluids Engineering, Vol. 117, pp. 277-281.

- 230 -



