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Numerical Study on Pressure Drop and Temperature Rise of
an Axial Throughflow Passing Through Rotating Cavity
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(College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: To demonstrate the effects of rotational Reynolds number (Re,) on the pressure drop and temper-
ature rise of an axial throughflow passing through rotating cavity, a series of numerical simulations were per-
formed under a fixed axial throughflow Reynolds number Re =1.0x10°, rotational Reynolds number between 0
and 5.31x10° in adiabatic thermal boundary condition. The detailed flow fields, the adiabatic temperature rise on
rotating disks, as well as the pressure drop and temperature rise of an axial throughflow were analyzed. The re-
sults show that the rotational Reynolds number affects the flow fields significantly, both inside the rotating cavity
and inside the axial throughflow path. Although the disk is thermally adiabatic, the centrifugal-buoyancy force
caused by temperature rise is not to be ignored due to the viscous dissipation effect, which affects the flow insta-
ble and temperature distribution. As the rotational Reynolds number increases, the absolute temperature rise with
respect to the axial throughflow inlet increased rapidly. When the rotational Reynolds number is less than 2.5%
10°, the relevant temperature—rise coefficient of axial throughflow is generally less than 0.01. When the rotational
Reynolds number is greater than 4.5x10°, the relevant temperature—rise coefficient of axial throughflow reaches
up to 0.04.
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Fig. 1 Rotating-cavity with axial throughflow
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Fig.2 Schematic diagram of computational model
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Fig. 4 Validation of turbulence models
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Fig. 5 Streamlines inside rotating cavity
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different rotational Reynolds numbers
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under 1.06x10°< Re,<2.3x10°

Level Temperature/K

12 309
11 308
10 307

306
305
304
303
302
301
300
299
298

—NWE U0

(a) Upstream disk

Level Temperature/K

12 309
11 308
10 307

306
305
304
303
302
301
300
299
298

=N Ws KNI O

(b) Downstream disk

Fig. 9 Local adiabatic wall temperature distribution
at rotating disks under Re,=1.77x10°

ThEs, B B ik SCRE A U A AL 2l % 3 3 4 N R
FE AL E o e v B SN, — T T R T e e



2068 ot

#HoR

2021 4¢

24

20

——Re,=2.66x10° « Re =4.43x10°

——Re, =3.54x10° —— Re =5.31x10°

03 04 05 06 07 08 09 10
rlb

(a) Upstream disk

AT,
¥

i

——Re,=2.66x10° —— Re, =4.43x10°
0l  ——Re=354x10° —— Re =531x10°

AT, /K
IS

03 04 05 06 07 08 09 10
/b

(b) Downstream disk
Fig. 10 Adiabatic wall temperature rise at rotating disks
under 2.66x10°<Re,<5.31x10°

FX TR BEE R VA B — 7w g g T
XoF ity [ 3 3 A 2R e DA R A I N AR B B A . T R R R
XoF T i@ P B o TSR T IR R 4 A A A1 2 BAH I i A
BLHI , PRIk fef 75 e B % 4 R 3 T UL 2 40 A1 Bl o e
iR R B N Ry S
3.3 HEE R IEREMRE
Al ) A I 0 R B B R L el TR ) R IR ) AN
B0 TEFE T8 10 W s 25 R 2 1 I B R ) ik
FY 32 D R (] B e A 48 A 2R P AR 0N i S B
m) 38 I AY TR R AR Ak, AR YT X il 1) 3 U I R R A B
AT 017
SE Sl ) 38 9 A R ORI T R A
K, = =2(po. = pu)l (pu3,) (6)
0, =(T, - T)IT, (7)
1 p,, =y, U 1) 38 I R T A B R R 25 B
U Ay —2 T S R IR AL S RO Ui A
J7 3838 80mm 37 B y—z #% 71 A Fk 7t I BUE AL o w,, B
T, 43 90 Ay il ) 36 98 20 11 S8R R I VR
Pl 11 Sy el o) 08 7 A R 50 e % T RO AR Ak
R, B e e B v RO O Bl ) e g s A AR R LA R
AN LGS s AEAR SCH TR S ECT A9 =X
(8) Jifr 73~ 1 fy 1o 3 A 1 3 % 250 Wi T 2 o i B0 A 114

2 R R AN 25 <5% -
K, =748 x 10*Re.” (8)
PE] 12 25 H 0 e B 1A B0OKT A 1] 30 0 246 T 3 T R
FhZ B 5 e B B TR U BSOS O i IR
JEE AR R B E1IR BE YR T 20 B K 7R BE % B s AL
<2.5x 10 W], %l 1] 38 375 119 46 X 3 T 78 3K LAWY, 2 e %
B E>4.5 L0 I Al 1] 38 A 179 48 5% 3 7+ 34 31 10K LA
Lo FEARSCHMFRSECT 1T 90 an =X (9) B 7R /9 il
BTN IR TR A4 ) S AaR  GR CA EEY 7 S
UG K I 25 <2%
6, = 6.9 x 107" Re>" (9)

30

0 1x10°  2x10° 3x10° 4x10° 5x10°
Re,
Fig. 11 Influence of rotational Reynolds number on

pressure drop coefficient of axial throughflow

in

( Toul_ T )/K
=)}

0 1x10°  2x10° 3x10° 4x10° 5x10°
Re

(a) Absolute temperature rise

0 1x10°  2x10° 3x10° 4x10° 5x10°
Re,
(b) Relevant temperature-rise coefficient

Fig. 12 Influence of rotational Reynolds number on

temperature rise of axial throughflow



a2k ol

T8 % 458 P 1 L 9 ) R R IR T B T Y

2069

7 SO RE e A8 A 2% X 8 A i M Tl 1 3 9 ) T

R AN THREAT T REAREL A5 T DU 4598
(1) Jig e 7 T B8O T 80 I R B W 30 B A W 3
S A B 7 v RO I Bl 1) O 3 5 S R T R

SER R B ik 1 MUK (AT SR e R NS S [ W N e < B R
Ko TEBL/INI e e 7 VR BOT | BR e e %A o oF 11 2R
T 22 A0 9 1) 38 3 3L T ) R L RS O i e
1B J2: 2 1 4 B v B0 5 1.77x1065¢,%‘%ﬁjﬁ%ﬁ%§&
U E RGN N RS e SR TR 0K [ E I B RN A /TR N
HRRE A AR S 1] AR RO A

(2) S8 J& e AT, B T s e B 1Y 2
PEFREHCAVE T L 51 A B 1 o3 A0 LA B il e 5 3 1 3R
PARRRE 52 WD I R T e I N = el | T 5 s i
AN S 1 £ 5 e AL S T 220 I E A RO K
Al 1o 38 AL T IR R RE G B TR B A U 20 B O
TE A S 2 500 B, 78 T e 76 7 B <2.5x 10° i), %l
) A Y 4 X IR EAE 3K DL, A X IR T &R BT
0.01 LA 5 24 Jig % 75 v £ >4.5x10° I, Al [a] 38 Ui 1) 268
Xt Tt ik 210K LA B, A X R T &R K0k 2 0.04
10

(3) 76 %l 1) 38 7 0 22 e e B s W sl R, R )
2 F2 R M ) R IR ARG R T B L)

O 25 Ui i 45 R Y o B e T O R K b )

PSR g D i (VSR N B = o NS W U4
T FEL P i e 3 R R RS Re P A G S

B i A OB R OR R I BB
S 30k
[ 1] 3ksEse, XUROE, HIGIT, 4. e S R A 0 R

PR AT [J]. #ESEH R, 2014, 35(8) : 1056-1062.
(ZHANG Mei-hua, LIU Zhen—xia, HU Jian—ping, et al.
Study of Transient Response Characteristics of Rotating
Disc Cavity [J].
2014, 35(8):

Journal of Propulsion Technology,
1056-1062.)

[ 2] FarthingP R, Long C A, Owen J M, et al. Rotating Cavi-
Heat Transfer

229-

ty with Axial Throughflow of Cooling Air:
[J1. Journal of Turbomachinery, 1992, 114(1) :
236.
[ 3] FarthingP R, Long C A, Owen J M, et al. Rotating Cavi-
Flow Structure

114(1) :

ty with Axial Throughflow of Cooling Air:
[J1. Journal of Turbomachinery, 1992,
246.

237~

[4]

[5]

[6]

[9]

[10]

[11]

[13]

[14]

Long C A. Disk Heat Transfer in a Rotating Cavity with
an Axial Throughflow of Cooling Air [J]. International
Journal of Heat and Fluid Flow, 1994, 15(4): 307-316.
Bohn D E, Deutsch G N, Simon B, et al. Flow Visualisa-
tion in a Rotating Cavity with Axial Throughflow [R].
ASME 2000-GT-280.

FCT , B, TOKTT, A el R O B BT
Z¢ Rayleigh-Benard X Ui £ 5E HEOF 52 [J]. #ARF 2 5 4%
A, 2003, 2(3): 260-265.

FUOE , B, TORTT, A5 el R O B I
U A TR E MRS (D). b ST A R e e i,
2005, 31(4): 393-396.

Bohn D, Ren J, Tuemmers C. Investigation of the Unsta-
ble Flow Structure in a Rotating Cavity[ R]. ASME 2006-
90251.

Owen J] M, Abrahamsson H, Lindblad K. Buoyancy In-
duced Flow in Open Rotating Cavities[J]. Journal of En-
gineering for Gas Turbines and Power, 2007, 129 (4) :
1581-1589.

Long C, Miche N, Childs P. Flow Measurements inside
a Heated Multiple Rotating Cavity with Axial Throughflow
[J]. International Journal of Heat and Fluid Flow,
2007, 28(6): 1391-1404.

Long C, Childs P. Shroud Heat Transfer Measurements
inside a Heated Multiple Rotating Cavity with Axial
Throughflow[J]. International Journal of Heat and Fluid
Flow, 2007, 28(6):

Gunther A, Uffrecht W, Odenbach S. Local Measure-

1405-1417.

ments of Disk Heat Transfer in Heated Rotating Cavities
for Several Flow Regimes [J].
134(5).

Journal of Turbomachin-
ery, 2012,
B OfE, SR, B M, S b i i Bk
PAEPELT]. Wias sh J1244i, 2018, 33(5): 1178-1185.
g8, 2 PSR NE I A A SN B B Bl
WFFE[T]. MEsEEAR, 2018, 39(8): 1790-1796. (GUO
Jun, LI Qing. Numerical Study of Flow Structure and
Heat Transfer in Rotating Cavity with Axial Throughflow
[J]. Journal of Propulsion Technology, 2018, 39 (8) :
1790-1796.)

RIS, THI7, ok Bl 3R 2% B X S i 3
Ul BEL R M 5 e g B R ST )] HEERE R L 2020, 41
(7): 1457-1463. (HOU Xiao-ding, WANG Suo-fang,
ZHANG Kai. Numerical Investigation on Effects of Instal-
lation Height of Fins on Drag Reduction Performance of
Co—Rotating Cavity [J]. Journal of Propulsion Technolo-
gy, 2020, 41(7): 1457-1463.)



2070 o # R 2021 4

[16] Millward J A, Robinson P H. Experimental Investigation WL (], fias sh 124, 2015, 30(5): 1047-
into the Effects of Rotating and Static Bolts on Both Wind- 1056.

age Heating and Local Heat Transfer Coefficients in a Ro- [21] Luo X, Zhang D, Tao Z, et al. Windage Measurements

[17]

[20]

tor—Stator Cavity[ R]. ASME 89-GT-193.

Coren D, Childs P R N, Long C A. Windage Sources in
Smooth—Walled Rotating Disc Systems[J]. Journal of Me-
chanical Engineering Science, 2009, 223(4): 873-888.
Haaser F, Jack J, Mcgreehan W. Windage Rise and
Flowpath Ingestion in Turbine Rim Cavities[J]. Journal
of Engineering for Gas Turbines and Power, 1988, 110
(1): 78-85.

Kok, wREAR, BOM, L bR R
DB A A B A LT ). A= 3h T2k, 2014, 29(4)
755-762.

iKooisL B M, IRESR, S R R A A XU

[22]

[23]

[24]

in a Rotor=Stator System with Superimposed Cooling and
Rotor-Mounted Protrusions [J]. Journal of Engineering
for Gas Turbines and Power, 2014, 136(4).

Tao Z, Zhang D, Luo X, et al. Windage Heating in a
Shrouded Rotor—Stator System [J]. Journal of Engineer-
ing for Gas Turbines and Power, 2014, 136(6).

Colin Y, Guy D S. CFD Optimization of Cooling Air Off-
take Passages within Rotor Cavities [J]. Journal of Tur-
bomachinery, 2003, 125(2): 380-386.

Giulia A, Ilya A, Andreas F B. Robust Design Optimiza-
tion of a Low Pressure Turbine Rotor Discs Secondary Air

System[ R]. ASME GT 2017-63289.

(/3.4 BL)



