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Research on performance of a tile vortex generator with enhanced film cooling

MA Penghui, KOU Zhihai, YIN Xunyan, LI Guangchao, WEI Haigiao
(School of Aero Engine, Shenyang Aerospace University, Shenyang 110136, China)

Abstract: In order to solve the technical problem that the cooling margin of the cylindrical hole is insufficient at
low blowing ratios and the cold flow is separated from the wall at high blowing ratios, based on the tip-covered
vortex generator (TCVG), a new type of vortex generator (VG) is proposed, which is called tile-shaped vortex
generator (TVG). The conventional cylindrical hole and the cylindrical hole with TVG are numerically simulated.
The results show that the film cooling efficiency of the cylindrical hole with TVG is 200% higher than that of the
conventional cylindrical hole. Moreover, it solves the problem that the cold flow of the conventional cylindrical
film hole will separate from the wall at high blowing ratios. With the increase of TVG width, the film cooling
efficiency increases, and tends to be stable when the width reaches twice the film hole diameter. With the increase
of TVG height, the suppression effect of TVG on cold flow is weakened, and there is an uncooled gap in the near-
field area at high blowing ratios, and the film cooling efficiency shows a downward trend. The expansion angle of
TVG has little effect on the film cooling effect, and the optimal expansion angle is 7.5<

Key words: film cooling; tile-shaped vortex generator; blowing ratio; cooling efficiency; numerical simulation

N TRIHR NIRRT, R AU A EAK AR sl S AT o 78
P FE AT IR T TR, S p i EAS0E AR, WA RURILREDONRE AL, AR
HEZm TR, PR ERMERN BRHS TN, WE—E R LS m kR

Y %5 B H5: 2025-0320 MKEABHI: 2025-10-09

H & I H: EXAARSEELTH (52376028)

Supported by: National Natural Science Foundation of China (52376028)

F—IEHEIIT: DIE (20000, FLHTAA, FEHFAITRTREH /B4 E, penghui0711@gg.com.
BIEMEEEN: mil (18D, Wt HU%, TEHFI T ARSI A 2, zhihaikou@163.com.



28 kA w

2025 4

TR A, SR, ERMOALL T, FRALA S B
AWMEEILR, SN ICER R AR
X R R SIS E AT AR R R S e R B
MU T TG ) — N B R BOAR AR

BEE R HIE T2 s, — SR LA
H, WEMEL. PR REEAL. =rEE
fL. HAERAL. SRS, #irkBAL. 38 X
WEE AL WAEIFL. L. USEEAL, XEETOR
SIS e, HrP R AL AL Uk
SHAETLIL O — SRR LR R BN A . 75
JEFL HH 1 Ah T 5 A T 2 SR B PR RE . S
FR[9-120HIF 7T 1 A1 445 o} A JE VA ZRE 1 (R B2

ILAER, 1RSI T s iR in K A4 3% (vortex
generator, VG) KI5 SA HI R B 71515 21 %
SEANV 2 K. MRS AT R, TR
EWAEE, EHRmSERERIX, VG #iaFH
TIX AL Zhang 25 ABHMAETSE T VG A -
o AT B O SUBEA EI R 1 5% . Sarkar 55 AR
AT T T DWVG 5 UWVG S i #1 3R
s, IhAh, Krss 2 NS Tt 7 148 5 R A 45
B S HA E R A - Song %5 AN ISR EG I 72
TR} AR R RO L DA R TE B A L H 1R U 2 26 i
R R B AR A EI M RE . Deng 55 AL8IX}
i EAT 4 FhISALIN BRI R AE B ISP
PEREHEAT T BUE T FT . Halder %5 A\ OUE I $0 i A5 42
LT M /e o VA e 2 W R - P B o 1R
LA E SR 520 . Straub 25 N\ POBUI RS 1 78 5
MRS O RiFR3E V. OIEHES TR P
B TEA H ORI Som . He 25 ARUZEAIBFL 0
LW T 4 VIR AR, BT T HSH AR
AHIFIR . Yu 25 \[22% 8 DBD-VGs ] LU EA
A HIPEBE . Tepe %5 AN RSUR B = ff ¥ U1 1 &
(TCES) 7 & IX 3= A — 5% i K 1) ) Jie 2
JE s ] LA VA 0 7 R T _E [0 B 170 (1) 0 B Lee 55
NPT T IR SUESLH T i 2cds v RS
IR EABRORT AR S4B R 52

JUEDA T VG LB (SRR, NEALE)
A DL R A TP ARSI BRI, B PRSI
A DA AT S, TR B ABA H Y T
BT EL D RE, AL A RIS EN I
PERIVAEIER . DRI, ASCEE T Rui 78 m dmii K A2
& (TCVG), T —Fupitimisitg, BIEd—D

http://rlfd.cbpt.cnki.net

YA R T A e VA R AE R WROXU L T e
RERI M) . Py A TR TR R 4248 (TVG) 1
A SR ALEEAT EE R, A R S5 S o0 F
BRAEA E BRI
1 i EEBFEES X
1.1 i+ E s

AT T3 TP ASUE, R UG i
YRR B LR AT AR, B 1 R
JEFLE & D=5 mm, KA L/D=4, Wi/ 45
FimiEERK. 5. &5 ah 55D, 6D #1 10D. &
SIERIK. 8. 05N 5D, 6D Al 10D, 7EAS
L O E TVG, HIUTRN S B 2 Fios.
hE 2 A0, TVG 5 TCVG ML, fETREHS & &t
M. 15 TCVG AR, N T B Ik AE s
KR i SSBE T, TVG ZedsfE L DA,
TVG A5 AL AT X 55 o B T25 R 214
M3 TVG TR a4 8 A TVG Wik e bu
KRR 7K. TVG [MEE N e=0.1D, HLZkmE
Hh, BTG dy, eI TE A doy KEEREE N
2D, WY HKAN ao RN T T UTSHTFAR
IR EIBCER IR, (R¥F e 5 s [BE, SUBHAR
S8, HHUTSHERE R 1.

55D

L EX PN 10D o

wmAaAn

B 1 FRSETERE
Fig.1 Calculation model of the flat-plate gas film

2TVG JLAR~F
Fig.2 Geometric size of the TVG




12 W

R SR s RV A BRI A AR PR RERIT AT 29

*1 BHLASHRE
Tab.1 Geometric parameter settings for calculation

examples
Bl al( h d2 E3it]
Casel - TVG
Case2 0 0.4D D TVG
Case3 0 0.4D 2D TVG
Cased 0 0.4D 3D TVG
Case5 0 0.6D 2D TVG
Caseb 0 0.8D 2D TVG
Case7 75 0.4D 2D TVG
Case8 15.0 0.4D 2D TVG
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Fig.3 Computational domain grid for the flat-plate gas film
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Fig.7 Temperature and streamline distributions in central
cross-section of the film-cooling hole
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Fig.13 Temperature and streamline distributions in central
cross-section of the film hole under different widths of TVG
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