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Numerical Investigation to the FHow of Real Gas
in a Centrifugal Compressor
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Abgtract :  The time marching method is adopted to lve the governing equations, and the computationa anay-
ssto the flow field in a centrifuga compressor with shrouded impéeller , vaneless diff user , bend and return chan-
nel compressng perfect and rea gas regectively , is carried out , where the three-dimensona N - S code with
the Yang & Shih two-equation turbulence mode is employed, and a user-defined rea gas property program is
applied for the thermodynamic anadlyss. The calculations are performed with a centra ace discretization
scheme and second/ fourth order artificia disdpation terms. A gecid attention isfocused on the flow characteris
tic of the bend and return channe , the different distribution pattern of the flowsin compresor compressng the
perfect and rea gas. The smulated results demongrate that the flow parametersin the outlet of the impeler
compressng real gasare quite different from that compress ng perfect gas and the diff erences are observed mainly
near the hub and shroud of theimpeller. The static pressure coefficient along the bend and the return channel for
the perfect gasis higher than that for the red gas. The characterigtic of the compresor compressing rea gas ap-
proaches more closaly to the experimenta data.

Keywords: real gas; close impeller; flows of the stage; numerical analysis; full multigrid

: 2003 - 06 - 06. : (2976 ), , ; ( ),

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



318

38

(1)

) 2
[1,2]
S/ S,
1
15 65°; 28
by/ D, =0.059;
D3:1.43D2; D4:0. 634D2;
m =74.13 kg/ s; N =4 204 r/ min.
2
, N-S
0 ou _
%M deV *m, a()dv + kstA =M VSTdV
it 10 : U
dv dA =
;ST
Fine/ Turbo ,
Yang & Shih k - |A (3]
N-S
(1),
. (1)
Van Leer F. (1)
Runge- Kutta ,
CFL 2.5.

(4 0.5
x10 3, 1074 ,
3
, z
& G R
p=2NT = 2N, T
T
I (cp- c)dT 2
;
z= rT
z
( ) , Fine/ Tur-
bo ,
[5]
Cp = 89.19 +5.5714 T - 0.002 74 T +
0.000 000 697 85 T3J - (kg- K) ! (3
:Al
L :I
[6] ,
1 =0.085714 +0.286 37T x 10 'Pa- s (4)
4
AutoGrid ,
1
2
163 x 41 x 49;
137 x 41 x 33, 55
., Tin=232.6 K p, =130
947.6 Pa.
k1A

k=21.5(TyUm)?

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



319

1
:A: cl;‘3/4k3/2/I
' =0.09; Ug | ;
, Tu=5%.

5
51

2

. (74.13 kg/ 9 (63.75 3
kg/ 9 (80.06 kg/ 9
2 : ,
IC 23 % e 2.1 % i T
3

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.

(a

(b)

A = 2(p - pi)! (Npud)
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