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Convective Heat Transfer Characteristics and Mechanism of Nano-Aerosols
in Ribbed U-shaped Channels of Gas Turbines
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(1. School of Energy and Power Engineering, Xi'an Jiaotong University, Xi’an, China, Post Code: 710049;
2. Shaanxi Engineering Laboratory of Turbomachinery and Power Equipment, Xi'an, China, Post Code:710049)

Abstract: A numerical simulation study was conducted to examine the convective heat transfer character-
istics of nano-aerosols in ribbed U-channels of gas turbines. Compared with the heat transfer situation in
channels under conventional air cooling conditions, the difference of heat transfer performance of nano-
aerosols was analyzed at nanoparticle volume fractions of 1 x 10,5 x 10" and 1 x 10 *. The mecha-
nisms by which nanoparticles influence convective heat transfer through several perspectives, such as flow
field structure, aerosol thermophysical properties, wall boundary layer, and thermal boundary layer, were
explored. The findings reveal that nano-aerosols significantly enhance heat transfer performance compared
to air, while no change in the fundamental flow behavior of the working fluid after adding the nanoparti-

cles. From the aspect of aerosol thermal properties, enhancements in thermal conductivity and heat ca-
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pacity due to nanoparticles primarily drive the improved heat transfer performance. Additionally, nanop-

articles positively affect the turbulent boundary layer and the thermal boundary layer’'s development, fur-

ther boosting heat transfer efficiency. Although the introduction of nanoparticles results in increased total

pressure loss, the benefits gained from enhanced heat transfer outweigh the drag losses associated with

their presence.

Key words: nano-aerosols, convective heat transfer enhancement, blade cooling, ribbed channels, flow

and heat transfer boundary layers
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Fig. 4 Validation results of turbulence models
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Pl 8 Shy it 18 W 3 T 24 ZR K000 A1 5 A0 K B0
PR 2, ELANIEL 8 Wl LAFE Y | BEAE 4 K FURE A9
PRGN BRI I, 1) v A F T BB b R, T
— G Uy T e AT R T v 1) DR T AR e A B4 X B
FERIINE . LR6 kT, 9K IIURL I A4 P58 1k g
S E) A B A M B RO B T
Jo ) HEAS R Sl R, 5OV L2 e e 2 Sk AR IX 5 3
By 1 X AR I KR B THE IR B, (AR IR R 4G
PSR i L5 Z A8 ) 2Z 18] I AR SOk RE A%
— L RETHEIR R R, NI, 5 U TR S LAY



-6 - Mo fe

3 o TR

2025 4

ARG ALSE AR L, A G4 K SORE 7E 38 A A% 4R 174 [+
I Z RS ARG R 7 B dL

VF=5x10"°

VF=1x10*

B8 ANEMABAERSEH TEERIELER
RESTMEBNTL
Fig. 8 Change in distribution of heat transfer coefficient
on channel suction surface at different nanoparticle

volume fractions

P9 SR AN Rl 9K URLAR FR 43 B 00 R 3 s 1
U T TN R A0 2 % A 2 ) B 1T
PG PR B Jr il DI (X3 UL 3 (b)) P
TR EUIRT L

220

L&l °
7200 e EAW
= A WSS
%, 180
E
B 1601
B 140f “
g 120 |
% 100
1»’(’ 80 L
60 ! | I
0 5x107° 1x10*
VF
(a) BB AR MR BN
450
u R _XIRS a
<+ 400 e mAm_Kik14
M | A EHE_KIRS
'.*E 350 v EHE_Xi14
< 300
3 <
g‘“ 250
g{ 200
3 1 I
i 50
%2 100 - .—.//.’//,
b
= 50 F
0 ' 1 .
0 5x 107 1x10*
VF

(b) 38 18 R AR B L
9 BEERRHSHARBHERSHZEHXER

Fig. 9 Relations between channel heat transfer coefficient

and nanoparticle volume fraction

HI 11 9 W] UL 38 T8 g T ) A% PR Bz 4ok
TURL AR AR 3 5014 52 Wi B g 1Y . 7 T 2 e 5 A 7
=BT, SIER R R —2.
AERFUI BN 1 x 10~ B9 48 K BURLAY T 50 A He T2
FAZS S T4 R BT T 29 118% ,
JTHEARFE T 102% Ao A7, MY 2 F1 R e A4 5 1
2)87% , AIMAGAKTURLIT , 7 2% F1 B 2 1% 3 2R
BARTHAPE , D3I A9 R BUR I AN s
TR AR S LA, HAL AR AL RIOCR S A A
(R i AR FE A 2 | FEAS SCHIT I A 4 K AIURE (AR FR
SIECEEI EURAR PR B UK AR 43 B0 A
LMK LR , X KR ERN RRE G
A — R R,

2.2 HKRFRLEHRELE DT

1 ANFEGERBRLAR T ECT , 9K SR i
FIRREN SRR E BB TRBUE (pec,)
AR 7AE A L, G o 8 BE R E TR Fb B 1 3fe F)
(prc, ) i T A VR A 1) 290 oK T A 1) 4% Bk g
A3HT, BRI ZAR S FH I 2 500 40 K A e 1) A% A
REHFATHIIE . A8 U

Ay = max(A,A) (1)
P A — TR kAR ) AR R B A, — T
T AREL

WA (pec,) B LA

(pe,) ;= (1 =VF)(pc,), + VF(pc,),, (2)
P AR g A np Z0 RS RGN K IR ; p— 5
JE 50, —HUE FEIAES s VE—IURLAA TR S35

1 MKSBRSAREASHE (p-c,) M

TR
Tab. 1 Variation of thermal conductivity coefficient A ; and

heat capacity (p - ¢,) , of nano-aerosols

A,/1072 (prc,)u/

v Wem~'-K! Jom 3 -K!

0 2.460 11 1 046. 84
1x10°° 2.821 10 1078.18
5x107° 4.425 68 1217.26
1x10°* 6.431 71 1 390. 66

M3 1 A LAFE AR T A 2 R, ORI
P18 3 A 2R 8 R R T L 3R SRR (AR AT ] 1



o5 4 1

Jeo LGB PR U B E T AR SR A A AR S LB -7

PTF BRI REARTH LA 161. 44% | e K%
JEFE e LIRS I e BB 4 T+ L2 32.84% , —
HAERENR T T R R I A A R, SR8k
WURLAL G AL B 1 B EDW AR P R 2 —

F TG A BT A et R 8 4 20038 1 v g 35
AP S S 5 it DA 25— 25 43 i
WEHRZER M, K10 NEEEW /T 1 mm Ak
AT SIRE M IS B, F IR 10 AT, T ShRE A 1 Ol
5 R RR B IS AR — 8, BEE 91K
FLRFR BB I, T 5T i Sl AR AN Wi kS fin % v B i
it U AL AS T 38 5, DTG AE — 8 R oAb T AR A
AL BT T BT i i 3 RE B R (A FR SRR 1
KITHEGIN , [FIRE , 40K R it 20 B 1) 2 T 32 3
JUATZERG A BRI , 75 5 B It AR B2 i K SR AN 72
G AT Z B DX (s Sk A TR 3 X5 R O A X
3, AR IEORL X T lRE 1 42 T 40 B, DT PR
il T HARIZ X AL AR . T I, gk
UKL AL A T 3L 9 5 A A FH 55 TR A ) B P i L 454
HH

o

wzigenes [T T

=}
=3
N
=)
oo
—
(S
—
o
g
=}
)
N
(3]
o0
w
S
W
=)
S
=}

S
~

L\ \\\\

N

AN
AN

<
]
I
—
X
—_
(=]
IS

VF=0 VF=1x10"°

B 10 BEERAE] mm bHHEHEESFHER
Fig. 10 Turbulent kinetic energy distribution at

1 mm from suction surface

H AR SO 1 9K B0RE B A% 5 R R A B AR
N AE SRR TR R AT LA 22 UKL 5 4 A0 22 ) Y AH
a8, 5 bt nT AR 3 JC AR X Bl 4ok
R L R iR AL LR IR T X A2 g, o T
NI T 320 5L 2 )5 Wi 55 U T 30 523 19 5 i) i R
ACEXTVE F0,1 x107°,5x10 7 F1 1 x10 “f1) 4
FAS [ A K S0 A FR 43 50 155 O, S R 1 i 5

SR L N B = E LU SN O VA= W= AR A TR
RS TRy 1 22 6] 38 o A 5 R 1 W e 0
1 50 2 Z 1a)BE T oo 8 S TR A S TR
Wbz STC R w2 SOOCH IR T A
THOOIFAT LA, w8 U

U
ut = — (3)

uT
A U — 255G AE I B RE T 2 B Ry B AR )
T u, — BETA R F ORI VI N 558
S HE A AR .
T E R

— pgcp,gu'r(TW - Tg) (4)
qw

iﬁﬂp:pg— é%%ﬁ;cp,g— 25 S e R IRAY Tr,—
:,:‘E/—:CAE\‘]J]EIIL;T“,_EEYEE;qW_EEm%ﬁ%TEO

PR PR R RE A Ty
S,

A
+=pg yu, (5)
ey

2 Ay—38 30 v R — A I R T Y 5 s, —
SN TR R B

P11 SRy RE T G N A A A I O
AGAKIRLG | 25 SR B R Y w T 20 y *
PR UTE TR U AG e 11 TRy NS £ B 1 2 - 3 LR
P AT LLEAA A SR AR B ) J2 Ty Al RAAR,
TR ST SAMER 2 b,y 1R R
VADS RO AT Sy e o X (I RN R T E =
RS I ) R T4 o e S R i Al
RJFURL (A w ™ ASAE B 175 BT 320 52 0545 5 1) it i
K JE, WiE— 2 R LsRAb T A& 38, Midefh 1
2 Z A BET s 5 B u (E R AR T 1 2 AR
TS B w L, BEEA RN 1 225 i o & R
JIZL, TR 2T R IR & R SR 5 5 &
VLRGSR Z AR R GRS T 2 2R i i
(& R FE A E B RIE X S B0 1 sh s ol
5k 0B K R i T AR AR 22 5 AL T
VE X w* Fly oA A s ALEE , p e n] UL, 44
DRATURE Yo B T 370 S J2 1) 5 i L, 5 AR AR B 1) i
MEERA I, W TR EERA , A GOR TR AT LA
AU B 1] i T i R A B T A AR BB A AE —

T+



- 8- H

and
[y

3 o TR

2025 4

TE R LU i 2% S5 v s AL 254, R i 52 B
5 A1 BN FREATR BE 2k 1 B A

22
20 —E—VF=0
—e— VF=1x10°
18F A vF-sx10¢
. 16 —y—vF=1x10+
Q 14
M 12
& 10t
I i
] 8
6 .
4 -
2 -
0 1 1 |
0.1 1 10 100
y+
(a) #O 5W A E 1 Z 8]l 8 BT
22
20 L ~®VF=0
—@—VF=1x107
181 A yr-sxi0
., 16 —y—vF=1x10*
B 14
wWo12
& 10
I
R 8
6
4
2
1 | 1
00.1 1 10 100
y+
(b) # OS5 EIER L2 E gl s BT
16
—m—VF=0
14 _e—VF=1x10"
—A—VF=5x10"
. L2 vr-1x10
& 10F
g s
=
4
2
0 | 1
0.1 1 10 100

+

(c) WA 1 522 18] s i B 5

11 BEEEAXENERE " WHHER
Fig. 11 Distributions of dimensionless velocities

above wall surface

P12 S sEm o5 AL A JC R TR T
TCRMERE y KRR, ALE SR 1A, b
WL, 73S T B 29 A UKL AR AR 23 5000 384 i T~
W, A5y AR AL, B U2 oA e BE AR [ Y
(T MU NSRS PRSOR B B 2 R S

BETANR B 20, e RE T THE O IX
T 5 v FRE RS Pr iR /N R IEAR DGR

16
—m—VF=0
14 _——VF=1x10"
1p L —A—VF=5x10*
—¥—VF=1x10"
& 1ol
2
WGl
R
4L
2L
0 1 1
0.1 1 10 100
y+
(2) FOSWHEMIZEFOE LT
16
—m—VF=0
14 F—e—VF=1x10"
| —A—VF=5x10"
120y vroixi0
&
il
bic]
T
g
R
y+
(b) #F O 5 E IR L2 8]l 88 BT
12
—E—VF=0
10 L~ VF=1x10*
—A—VF=5x10"
e sl —V—VF=1x10*
il
g
R 4r
2 -
00.1 1 10 100

+

Y
(c) WA 1 5222 8] s i B T5

12 BELAXENEET HHHER
Fig. 12 Distributions of dimensionless temperature

above wall surface

ARG FYZ Yy T AR S L, T N R
Pr 8/ B i b $ 0% S L sl i AR i s o B L A
o7 FA B2 v A% Bl RS . — 5 T, B 12 ()
A 12(b) KW, HF0 5WE M 1 MR 1 Z
G 8 B T I A RUBAR 2 BB R ) 181 5



554

Jeo A RGBT U B P A oK SR RO A BRI ML 9.

JE 7 1T RS ARG 23 A TR 0 Al S AL A, T R
A1 582 Z e S B T S TR 1
ZHTRETE G 8 T BOE, BRI 1 S5 2 Z
P R AR TR ZN 33 55 A e DX i O A g
TR . 53— J7 TH, AR GOK BORAR T2 45
LRI 2 Z R G S B T AR RN G R
FERME X EIRAE G A OB PG L2 1532 W 52
JUATTZEAE) (R BIR 1A /1 55 R 52 Wil it 8 i JRE 1) £ 4R
SRACHLILEA — & B 0k
3RO 2 FiR, T /MY

R UK I ) BE T L UAME AR BB R, R 2
YK FORAR T BUR T 5 x 10 7 1F Bl 1 B 2 [6] B
T O A BGRBAE 3 A ST B AR, Bl 40K 5
FARFUME T i R R B K 2w T
F3 AN R R 1 W 2 [R]RE G AR R AR
PR NORIE T 430 FHZ ARk, 3852 20 3 i
FRA R

F2 HOEAHERRHE(W-m T -K')

Tab. 2 Heat transfer coefficients at centre

point (W-m2-K™')

wHO5ggE  WhEMm 1S SO S5EmE
VF 1z Jih2 ZH i1 2
LR LRI H
0 82.702 7 68.128 9 82.539 5
1x10°° 90.350 7 70.410 7 89.921 3
5x107° 120. 100 0 119.353 0 112.8350
1x107* 166. 824 0 206.976 0 165.010 0

2.3 ZEEREREITM

K13 il 1 SR UR A Ap 5 40K UKL (A AR
SEZIRIR R, B 13 (a) P, 3838 AR
{ELREL KR A TR D B AL I L S 2R PR IA
WARIFRLIG , Ap B RGN T 29 78% . 118 H Z 1>
45 180°25 3k 45 H B 28 3 il — 5 i He 8 2% A 195 1L
B MAGRIURL S AR B SR 70 B2 X0 T
T AR W A F A, 252 Bz i i 2R AR
e 3 s I Ve AR AL ZE A K SE X — S, T
| I A A ORI 14 4 PR A SCR R A DR T S 1R A B
FEARIG , T BN oK U B Y 2 5 1 IR PR RE R AT
ARl

ARTSCR LA 22 5P 9K R I A 25 5 A 4
sRALPERE(PEC) ™,
Nu,/Nu,

L1 (©)
P Ms e Flr — EHGRICEMZS HH, 25 H
ORI TG B BRI T R RAE S —BL
FREG LRk — b RD7 .k BEE VPN 5 i B[R] i
A ERE IR k173, SFEREAIET koA
12, MR kR,

PEC =

PIES 93 E
Apd, .
fe e 2 (7)

in

e d, ,,—i K ) BAR ; 8l D 2R
g—H VI SE s, — R

1000
—=—Ap
900
800 -
S
[= W
R 700 +
<
600 -
500 -
400 . . J
0 5x10°° 1x10*
VF
(a) B EKAE
2.5
—8—PEC,
20r
o
5
1.5
1.0
1 1 1
0 5x107° 1x10+*
VF
(b) BRI ERE

B 13 @il ERKENERRLEREREANK
FkL R R 53 BB IR AL B £
Fig. 13 Variation curves of total channel pressure loss
value and heat transfer enhancement performance

with nanoparticle volume fraction
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