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Abstract: To investigate the combustor-turbine interactions and to deepen understanding of the
formation mechanism as well as the influencing factors of non-uniform aerothermal characteristics
at a turbine inlet, a non-reacting sector combustor simulator was constructed. This facility was
capable of reproducing and regulating coupled non-uniform characteristics at turbine inlets, including hot
streaks, swirling flow, total pressure gradients, and high turbulence intensity. The combustor flow split
was decoupled into two key parameters: the mainstream swirling flow rate and the inner-to-outer liner
coolant flow ratio. A traverse system was employed to scan the thermal-flow field at the turbine inlet

plane using a seven-hole probe equipped with a thermocouple under five operating conditions, revealing
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the influence mechanisms of combustor flow splits on non-uniform characteristics. The results
indicate that the non-uniform characteristics at the turbine inlet are mainly due to the thermal-
fluid coupling between the combustor’s swirling flow and the effusion cooling flow. An increase
in the mainstream swirl flow rate enhances the dynamic effect of the swirl and expands its
influence area. Specifically, a 20% increase in the mainstream swirl flow rate causes the variation
ranges of the circumferentially averaged swirl and pitch angles to be expanded by 28.3% and to
be reduced by 33. 5%, respectively. Altering the inner-to-outer coolant flow ratio causes a radial
shift of the swirling core by approximately 10% of the passage height and significantly changes
the pressure and temperature gradients on the coolant side. These findings provide critical

aerothermal boundary conditions for aerodynamic and cooling design of high-pressure turbines in
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next-generation aero-engines, and offer valuable insights for integrated combustor-turbine design.

Keywords: non-uniform aerothermal characteristics at turbine inlet; combustor-turbine interaction;

combustor flow split; hot streaks; swirling flow
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Fig. 1 Schematic diagram of non reactive sector combustor simulator test system
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Fig. 3 Combustor simulator test specimen

() e WL 4%

k1 RABIUATAK

Table 1 Geometric parameters of the swirler
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point layout
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Fig. 11 Dimensionless axial vorticity distribution under

different flow splits

100
—A— T ’
—a— T3 %
—e— .15 o
o T0F cuo %
~
B d %
<40f "\-ﬁi-\;‘r\‘;
——e—_gn
—~e. \I\.
e——gu— A;
\\.‘:'\I\A\L
10 1 1 1 1 1 1 I... ..l i J
-24 20 -16 -12 —0.8_ -04 0 04 08 1.2
wnd
Ca) ¥ JHE U 35 I ALk B9 52 )
100
—— T2 $
—a— T3 |
© 70F —e— T4
~
T r\ﬁ"r >
= 40t
L ran M-y,
10 1 1 1 1 1 1 I‘ ..' ‘ J

-24 20 -16 -12 -08 -04 0 04 08 1.2
Dng

(b) P b 25 ¥ ULt LU 52 Wi
& 12 ASTA] BT JA - 249 JE & 20 il 1) it A B A2 1] o3 Al
Fig. 12 Radial distribution of circumferentially averaged
dimensionless axial vorticity under different working

conditions

D

T k78 Ak B G T i

K13 s T e R A s
iU 1

piva RN ER i A TP KE I

=

=N




168 W

sk

i

K

%60 %

5 B i 3 JE ) SR A 6 0 A 194 48 IR A R R A A
40°, 4k T [ B T U 49K 8 3 R DL 1K 6 T 4T 0 Y
£30°~ 5070l T [, BE A TR
G0 U Sl 3 2800 3 55 L R A% L AL SN A IE
TV AR DX I R R AR BB R . 1Y B A R
Ao 1) T B2 5l 1) RE Y O A L 2 BB R A% O ZE R
i B ) S SO S 1 B R ) o A 1 e
o0 A 38 52 B N AN B SRS IR O
R 1) PR O 7R TR RS 9 R R S IR R A 5 R B
AR TR T P 2 A S22 07 B . O O L e R
) 1200 55 L AR GE L SR B A X [ R
Ko TRIIRE o A AN 8 0 Y D I 5 19 TR T
P AR ¥ A 2 S AR T ot — 25 S B0 T T AR
NP A TY S PSR AP K

T T T T
-45-36-27-18 -9 0 9 18 27 36 45

a. B/(°)

—
100 m/s

T.H5
(DJEF A
B 13

T.05
(A5 B
W i 0 Gl N £ R 2

Fig. 13 Airflow angle distribution under different mainstream

flow rates with swirling flow

I 7 N i = ol O i L R e
FT BB A A ) A3 A 2 by AT DL G A A A 1)
syfi 2 2 S B, B K IE | BUBE B A o B BT
70 %0 1 25 Yo ARR A8 1w ey JBE B 30 o G AR A 9 TR B i
P ) TR/ N L T W N i 6 R 3 R
B A% 1] A8 4k X ) O —14.3°~11.5°, X [b] %% B N
25.8%; 0L 5 WAL X [ 47 K3 —19. 0°~14.1°, IX
] vE e 28 33, 17, 8 T 1 97K T 28.3%, THES
AR Il 43 A ih 2 52 0 AL L B = T U A L
] ~F- 34755 B A A AR AR RN T 1 A — 8. 6°~27. 8°

zkxb. xjtu. edu. cn

WUNE T 5 B 0. 4°~24. 6°, 284k [X [a] T8 FE 45 /N 1
33.5% . LA, e f A BE fA 0 43 A il 2k YRR
O XK o 3K 5 T Ao Z A48 Y L At 2 7 27 T A9 I
I S B N T E R G B ) [ B S I = Rl O
Ao 2 AT 47 S R TR R ) R R R I L I AR R
HEARTFE L A 98/, T EE AR

100

—a— T
—s— T3
80 —e— S
<60t
LS .’,.-k"
~

40 (S..?;

20} s,

uy A,
n,
% "a A

1 1 1 1 L 1 L J

0
-20 -15 -10 -5 0 5 10 15 20

a/(%)
() Jié i £
100
—a— 41
80 —u— T3
—e— L5
:3 60}
=
_; 40F
20 Qi'?f-“‘
| T
0 1 1 1 1 1 1 1 J
-10 -5 0 5 10 15 20 25 30
B/
(T HEFA
P14 AN TR) A e U 2 U O A T A 1) T A T I A B T R AR Y
& 1w o A

Fig. 14 Radial distribution of circumferentially averaged
swirl angle and pitch angle under different

mainstream flow rates with swirl flow

K15 JE7R T N MR B Ve U0 B b AR A e O
7R B A A o A B . ol PR AT L ol T I Y
VR U N AR IE | GUE A YRR R AR
AR B R R A BB T WA O TR 20 R AR AR T RS
AN ¥ SO 9 A2 A HE — 25 B AR TR B A By
MIEAS NTH 2 B T8 4, AU SR wl 2 10 55 1
T T ¥4 AT L F14 R W) S T TR TS T Y B A DX
PR BT I A DX 0 5 () L P00 9 R )
AR T 1) b v S B AR A AR A R LR
TR B R IE T A DX

ANTRI AL A 08 AU A TR A 1 SF 2 O A
FIYY BE AR A 0 43 A AR 16 B . T O T 2k AN
AR DR IHE TR L Xl 46 TR ) 532 ) s L B R — 2L 7 18D 16
J Wl DAy TRE S 7 A0 T B A il R AR B A 1 i R B A
AR AR AR B Y S e RO EE A AR f T L
TR UL TR AZ O AR T L R B GE




i 10 1Y

2R A R R A L 0 TN X b A O 1 A B 50 ARCRARR P B i ) 1 5 169

[T TTTTTTE -
100 m/s

-45-36 -27-18 9 0 9 18 27 36 45
a.p/(%)

(D JER A (WHFTHEfA B
B 15 AN AN A G T BSR4 A
Fig. 15 Airflow angle distribution under different inner-to-

outer coolant flow ratios

0 1 1 1 1 1 1 1 J

-20 -15 -10 -5 0 5 10 15 20
al/(®)

(a) HE I FH

(b)) f
F 16 RN M ES SR E T 35058 5 &
7 W A B 4% 18 o A

Fig. 16 Radial distribution of circumferentially averaged swirl

angle and pitch angle under different inner-to-outer

coolant flow ratios

zkxb. xjtu. edu. cn

FEIA RS I 105 B 3, R i U R R A R B
FRIEZ — o SCHRC14 R AR U A, I 6 T 4 A
AEARL = e Ui 7 1) AR e 3 S AL 7E S i B0 0. 9C.
Ak Vg i R B A A I A R R L R TR A O X
it VA 5 B i e AT K 40 Yo~ 45 %%, A I SF 4 9 A R
228 25 % . X e i T 5 A SOW I ) Y 5 S A
JHE YL AH B I, B R TR e e i AR 45 ] B
W,

R 00 3 A R R s T B A3 BE X T U S
YA RV 00 52 i AL A1 - A7 E A I I A B 3G R
TR A P R M L AR T A I R TR Y Y
FA AR AR FE L HI SR T R AR R DX T i B K ) R
LT 5 P9 IIMe 8 S o L D) 38 2ok 2l A JE 3 A% 0
PR A8 i) A7 B L IO T A A 0 R I T % Y o
I T A S T A ) v e Rl i TR gl W R
0T N i L 2 BRI A ASCOREE L HE A S T, DA S B
UV R SRR .

3.3 EHMHEEH

PR TR AR 5 K B R R ZIB R, W
FOUE TR bE U Y A BT I RE AR 1 45 e E
A T A7 A6 B 8 9 A2 1) AR )R SRR . SR i
A 30 5 A 3 A TR A Rk R

T — T
Trax — Teoolant
A T O S s T oo NN AP KR RS TR
B P SAAE 5 T o P U0 5 985 TED 119 o TR o S T E
WU 2B B RS S AT AR s i IR T T At
T 0~1 Z (], HAH A 1. U B 24 M 8 IR e 2
JRE P AZ O, $5 TR e R B 558 5 OB 63 0, d ) 4 3
SRR N NS R B IR AR TR

B 17 /R TSR 100 T 19 JC 2 40 B 40 A .
AT ULt BT S e e XX L E I A O, AE R T
TG0 RS &, 4 e i 1 3 U 5 88 A mE A R ki
S A EAE 338 22 RS AN . DL
LT WS R 1P G R AT U gl S R e - ) I <
JE i 5 R [n] R R R B KR ZUB R E B B
A It Bl A R I BE R B s T A AR X
ST 5 1 SO T VR - S W I R T R
S| A A T R N a1 B A T o A T
T 30T g BE AL 2 B U TR OE R 4 A, 1F 2 BE R
580 K A R Tl FR 4B TR 0 MR SOV AE
XFBEBEER N LAY EE, EHT AR
BRI 3 1 11 B R (g BRBE 5598 A8 B B

Tnd - (6)




170 W

s
)

%60 %

PO I D U S AR ) | B W TG )
e U D) AL AR AR T R A BE T iR
BB BRAR. B 17 (D) iR, YN I B R
AU AL I N TS 2 BT AL 4L SRS S
5 AU R R (A N P A NS RE SRS PR 92 7
JEE WY S 56 ARG 5 P 00 9% <0 9 D e A DS 78 5% i T
U -l R A N P P - AT SR NS e i
WAL R R e AN . Bk 3 MR AN B &
5 BRI S R A W U

AT T
02 03 04 05 06 07 08 09 10
Tnd

RUR L4
(b)Y N AT E R i & LA TR
P17 O] A 20 BiE T B9 TG A 203 2 23 A

Fig. 17 Dimensionless temperature distribution under different

Ca) 7 T I 2 8 AL AN [

flow splits

18 2yt 1 AN [ O 2 40 L 1 Jo) 1) - 3 T ek 44
L 38 P A 1) A1 RUAAE S B O e R B R R A
FERAS AL, AT UL, A SR R B R C T
W o 2 U A BN Ve SO [ 2D b 4B TR D
55 ORI BT IR E i T A T
F14 J&1 1) - 49 TG H 209 3t BE e i A A AR AL 20 51 0. 89,
0. 35, AL MR JBE 1K 0. 545 M T80 5 B9 748 Ak 1 JEE A
0. 17, /N T 68.5%0. 4N A& W% Uil it 3
R F U R AR 3 A% it kY R e IR R
AT, fE ph £ [ A0 B e 3t A% 0 A ) B RS 5 N 1R R
DAL A BT 394 T 5 S TR B 7S S FRE B JRE A OB 4% o i
6k TR T 0 At 2 A Bt & 0 = o ) i/ i [ 2
WEAIE.

zkxb. xjtu. edu. cn

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

(b) N AN ¥ S0 &k LG 1 5%
18 N [A) A0 Jal 1] - 44 TE 1 44 3R 8 1) 458 1) O A
Fig. 18 Radial distribution of circumferentially averaged
dimensionless temperature under different working

conditions

X BE 373 1) 23 Bt BB 9 3 RGN S 94 1R
TS < 2 OO A A B IORE 4 e 5 i B AR R B
AF o Xof 3 I 2R AV T R R B R N AN
Ve SO L A 7R A B T AT i A DX A 1 A7
BRI ET 2 H T [ B AR B ek T
471 i BE Pl LA T o A ROV R 00 ) S BE Ve
0 P2 1Y 0 AR O 0 0 ) i B ) 5 3 ek 9 Al
Ve HIBETE AAMER S AT C » LA X Jay 2 AU

4zt ®

S 3CE 1o 15 5 T Al S S B TR R e A A UL -
e T AR IR L R T Bedm s T
6 Ui o 43 TRC X i A 11 AR 24 57 KR 1Y R T AL
il AR B,

CLy e 1 11 A9 5 A 3249 20 SRR R 1 R 098 b =
U5 BE T A e SOE AR A 45 5 . 1k 101 A rh
P18 R AL A% o DX SR B R AR S o R 7 0 4 R AR 5 48
TET T 708 60 748 X S D) AT 48R o 2 e 3 -5 24 Y4 < R
FUBIR L B 5 2 R A2 . % IRB IR AR
JEEAE JH i) RAR (i) b B8 AN 249 23 0 5 S0 JRE 0 A B
I . L. FE R 5 T i i < 3h v St v, gt
Xof A 2 S o G 51 S A A R IS L U 4 o K R




i 10 1Y

R A JIRR A 0 TN 09 A8 2 1 AR 3 A0 SRR R R R 1 1R BT 5 171

FRAR far B0 A5 AHRA G ) A, O R B A X g R
P 5] R W PR T, DA i v BE B R

(2) 77 Toé Ui 3 Tk It et ) 3 0 B8 5 1 e U Y B )
RO . EP T EHEM 20 %0, BEWAZ O M TC H# AN )
FEAIR 0. 004, J&] [a] 5F ¥ i€ U F 19 7228 4k DX ] 96 B 9 K
28. 3%, 19 BE A 0 A8 Ak X 8] 98 B 9 /)N 33. 5 %0, TG 1 4N
TR A AR AR B 8 /N 68. 596, THE IR B R ) 5
OB T I e 4 R B D B AR AR AR BR L S BT &
W IR — B S . R AR R AR = T R
X

(3) PN IIMeF BV S 3 b i AR A Bl AR T e A%
DRI E . NN A AR A 1006, e T A%
L BALY 10 Y0428 0] s BE ) A A%, ¥ AU 2 34 n Al e
1Tt A AR IR G G IR RS R 2 N . e
AU WA 1) Bl B4 A T T U A% s R A TR R Yk X%
e S W12 R L = O BN 1 Rl s D A Al
AR A P g B 1A VA S5 RIS L T R T Y
A vt BE ¥ H R T SR KA BE .

B O AT DL S R e 3 i 4 T A 5 T 9 e i 1 A 3
SRV EZE N R, R R b =i e — Rk ik
T R R A T R R A Y
B SR J TN S B I 4 LA BT

SE -

[1] Notaristefano A, Gaetani P. Impact of swirling entropy
waves on a high pressure turbine [J]. Journal of Turbo-
machinery, 2022, 144(3): 031010.

[2] E&L, L%, ks, % BREFHHEZWTH

e R R AR ML IR S T s gk (1], R R,
2026, 47(2): 6-28.
Wang Zhiduo, Wang Zhihao, Zhang Wenhao, et al.
Review on high-pressure turbine aero-thermal mechanisms
and design under effects of combustor exit flow [J].
Journal of Propulsion Technology, 2026, 47 (2):
6-28.

(3] 2. SEWONLA K S HLE KBHE L miit-R) 4 81 (1.
itz 8l 91, 2021(2) ; 39-44.

Yan Wuying. Analysis to major scientific and techno-
logical projects of aero engines of USA and Europe
[J]. Aerospace Power, 2021(2): 39-44.

[4] Yin Hong, Liu Shi, Feng Yongxin, et al. Experimen-
tal test rig for Combustor-Turbine interaction research
and test results analysis [ CJ]//ASME Turbo Expo
2015;: Turbine Technical Conference and Exposition.
New York, USA: ASME, 2015: V02AT38A001.

(5] JF#, sk, RO, . #F OE i ) A & X &
WA HE D SRR g e )], s 8h i =ik,

[6]

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

zkxb. xjtu. edu. cn

2018, 33(2): 402-410.
Zhou Yang, Zhang Yang. Su Xinrong, et al. Effect of
pitchwise position of inlet swirl on aerodynamic charac-
teristics of high-pressure turbine IGV [J]. Journal of
Aerospace Power, 2018, 33(2): 402-410.

EiZ. P ORIEFIEY T RIE TR 5%
PR ESZ W AT ST (D], V%2 . V94585 R, 2018,
XUTESC, KA. BEAE 1-1/2 eim 48 N Ry Ak 2 iF
BB meal [J] Mtz 3h 1% 4. 2004, 19 (6):
855-859.

Liu Gaowen, Liu Songling. Numerical simulation of
unsteady hot streak migration in a 1-1/2 stage turbine []J].
Journal of Aerospace Power, 2004, 19(6): 855-859.
X PR AR, JC T I 0 s U 2 R 43 BT B HC R 11 B
TR [D]. st b ER-E B TR R ST
FLF . 2007.

T, ExZL, XTGBT ORI H K&
HEmplRorse gt (U] hERILT RS2, 2014,
34(29): 5120-5130.

Feng Zhenping, Wang Zhiduo, Liu Zhaofang. Review
on research of hot streak migration mechanisms in gas
turbine stage [ J]. Proceedings of the CSEE, 2014,
34(29): 5120-5130.

WA, XIEN, sKRIBEA, 55, W50 ok i O BT
% KOS PR 0 06 e B [T, ARk
W 50T, 2018, 31(2): 1-7.

Xie Jinwei, Liu Zhigang. Zhang Xiaodong, et al. De-
sign of an experimental apparatus for turbine cascade
inlet hot streak migration and influences research [J].
Gas Turbine Experiment and Research, 2018, 31(2):
1-7.

Koupper C.  Unsteady multi-component simulations
dedicated to the impact of the combustion chamber on
the turbine of aeronautical gas turbines [ D]. Tou-
louse, France: Institut National Polytechnique de Tou-
louse, 2015.

Koupper C, Gicquel L., Duchaine F, et al. Experimen-
tal and numerical calculation of turbulent timescales at
the exit of an engine representative combustor simula-
tor [J]. Journal of Engineering for Gas Turbines and
Power, 2016, 138(2).: 021503.

Bacci T, Caciolli G, Facchini B, et al.

temperature profiles measurements on a combustor

Flowfield and

simulator dedicated to hot streaks generation [C]//
ASME Turbo Expo 2015: Turbine Technical Confer-
ence and Exposition. New York, NY, USA: ASME,
2015: VO5CT17A001.

Wilhelm M, Schmidt M, Goertz F, et al. Influence of
combustor swirl on turbulence at the large scale tur-

bine rig (LSTR) [C]//International Symposium of Air




172

%60 %

E I

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

Breathing Engines. Indianapolis, IN, USA: ISABE,
2017, 21393.

Adams M G, Povey T, Hall B F, et al. Commissio-
ning of a combined hot-streak and swirl profile genera-
tor in a transonic turbine test facility [J]. Journal of
Engineering for Gas Turbines and Power, 2020, 142(3):
031008.

Adams M G, Beard P F, Stokes M R, et al. Effect of
a combined hot-streak and swirl profile on cooled 1. 5-
stage turbine aerodynamics: an experimental and com-
putational study [J]. Journal of Turbomachinery,
2021, 143(2): 021011.

Amend J, Lubbock R, Ornan F.,

combustor simulator for an engine-component test facility:

et al. Lean-burn
an experimental and computational study [J]. Journal
of Turbomachinery, 2023, 145(6): 061014.

Amend J. Effect of lean-burn combustor outlet flows
on nozzle guide vane aerothermal performance: an
experimental and computational study [D]. Oxford,
UK University of Oxford, 2024.

Amend J, Chowdhury N, Povey T. Impact of lean-burn
combustor flow on nozzle guide vane performance [ J].
Journal of Turbomachinery, 2025, 147(1): 011001.
Notaristefano A, Gaetani P. The role of turbine oper-
ating conditions on combustor-turbine interaction: part
I  change in expansion ratio [J]. Journal of Turbo-
machinery, 2023, 145(5): 051001.

Notaristefano A, Gaetani P. Modeling of combustor
non-uniformities evolution through a high-pressure
turbine stage [J]. Journal of Turbomachinery, 2024,
146(6): 061008.

Notaristefano A, Persico G, Gaetani P. Turbulence
measurements downstream of a combustor simulator
designed for studies on the combustor-turbine interac-
tion [J].
Propulsion and Power, 2024, 9(1): 4.

Pinelli L, Giannini G, Marconcini M, et al. The im-

International Journal of Turbomachinery,

pact of the off-design conditions on the entropy wave
interaction with a high-pressure turbine stage [JJ.
Journal of Turbomachinery, 2024, 146(4): 041003.
Feng Zhenping, Liu Zhaofang, Shi Yan, et al. Effects
of hot streak and airfoil clocking on heat transfer and
aerodynamic characteristics in gas turbine [J]. Journal
of Turbomachinery, 2016, 138(2): 021002.

Li Yifei, Su Xinrong, Yuan Xin. The effect of mis-
matching between combustor and HP vanes on the aer-

odynamics and heat load in a 1-1/2 stages turbine [J].

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

zkxb. xjtu. edu. cn

Aerospace Science and Technology, 2019, 86.: 78-92.
Zhang Wenhao, Wang Zhiduo, Wang Zhihao, et al.
Study on heat transfer characteristics of NGVs influ-
enced by non-reacting lean burn combustor simulator
flow [J]. International Journal of Thermal Sciences,
2022, 172(Part A): 107313.
Zhang Shenghui, Ding Shuiting, Liu Peng, et al.
Effect of hot streak on aerothermal performance of
high pressure turbine guide vane under different swirl
intensities [J]. Aerospace, 2022, 9(10): 579.

MR — . skId s, BRI, S BRBEE AR
O i BE Il S0 45 K AR R AR 2w [T, P
AR F M, 2023, 57(1): 152-163.

Sun Tianyi, Zhang Kaiyuan, Li Zhigang, et al. Effect
of combustor outflow conditions on the flow structure
and heat transfer cooling characteristics of turbine vane
endwall [J]. Journal of Xi’ an Jiaotong University,
2023, 57(1): 152-163.

Song Hui, Ye Lin, Wang Xinyu, et al. Assessing the
effect of swirl flow on the film cooling effectiveness of
a vane pressure surface [ J]. International Communica-
tions in Heat and Mass Transfer, 2025, 160. 108327,
UM, RERE. NiEKIPEREEE R [M]. b
a0 BRI A, 2022 37-39

Schaeffer C B, Barringer M D, Lynch S P, et al.
Influence of dilution and effusion flows in generating
variable inlet profiles for a high-pressure turbine [J].
Journal of Turbomachinery, 2025, 147(3): 031003.
LiJ] Z, Yang X, Wang X Y, et al. Experimentally-
resolved flow and thermal fields at the exit of an annular
non-reacting combustor sector [ EB/OL]. [2025-12-10 ]
https://gpps. global/wp-content/ uploads/2025/09/GPPS-
TC-2025_paper_076. pdf.

Huang Ying, Yang V. Dynamics and stability of lean-
premixed swirl-stabilized combustion []J]. Progress in
Energy and Combustion Science, 2009, 35 (4):
293-364.

07, BIE. L AL I 4 5T U0 IR 3 1Y 1R 22 43 T R
SR [J]. =R %M, 2012, 30(1): 57-62.
Ma Xingyu, Ming Xiao. Experimental research and er-
ror analysis on seven-hole probe measurements of
shearing flow field [J]. Acta Aerodynamica Sinica,
2012, 30(1): 57-62.

Moffat R J. Describing the uncertainties in experimen-
tal results [J]. Experimental Thermal and Fluid Sci-
ence, 1988, 1(1). 3-17.

(Gl FEHO




	未标题

