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Experiment of flow characteristics of direct transfer pre-swirl system

CAI Xu, XU Guo-giang, LUO Xiang, ZHAO Xi, LI Ye

(National Key Laboratory of Science and Technology on Aero-Engine Aero-thermodynamics.,
School of Jet Propulsion, Beijing University of Aeronautics and Astronautics,

Beijing 100191, China)

Abstract: Flow characteristics of a direct transfer pre-swirl rotor-stator system were in-
vestigated experimentally. Static pressure distribution on the stator, discharge coefficient of
pre-swirl nozzles and mass flow rate distribution principle at the rim seal and receiver holes
were obtained. The results show that the shapes of static pressure distribution on the stator
are mainly affected by mass flow rate, and slightly affected by rotating speed of the disk;
with equivalent mass flow rate of pre-swirl and disk cooling air, discharge coefficients of pre-
swirl nozzles are mostly decided by mass flow rate coefficient at pre-swirl nozzles; for the
physical model and operating conditions presented, the ratio of mass flow rate coefficient at

the rim seal to total mass flow coefficient is above 0. 7.

Key words: direct transfer pre-swirl system; rotating disk system; turbine disk;

flow; rotor-stator system
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Fig. 1 Schematic diagram of test rig
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Fig. 4 Structure of pressure measuring equipment
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Fig. 6 Variation of pressure difference at the rim
2 seal with rotating velocity
2 35
P L LI v, =0
30F —a— =500 r/min
’ 5] —o—w =1000 r/min
: —A—w =1500 r/min
s 20k ~¥@=2000 r/min
“ » | —4—w©=2500 1/min
= 15}k —4— »=3000 r/min
=
Ap, = pr.— (1) T
Ds Des — Ds 05k
pi\ K ps 0 -
My m, sk
w s mg=m,= m,/2, Ap, o , . , ‘ . . }
m. ® , T 400 600 800 1000 1200 1400 1600 1800
m f(kgfh)
Ap, = flmgsm,,w) = glngw) (2) Jkef
’ my~ 7

Fig. 7 Variation of pressure difference at the rim

seal with mass flow rate



2226

27
6 N 7 1) Cd.p M yeq) —
mg Ap, Migea
w : mp
z €1
m, = a+bAp, +cw+dApP: + ew® + NPAPP(T\/ 2K ((P1)”_(ﬂ>” )
[Apw+ gAp! +ho' + VRT: Nwe— 1P b
iANpw” + jAP w 4 (5)

as b yoe ,j 1 YIS r,=0.233 s =0.305 r,=0.343 r=0.35

(kg/h),Ap (Pa) sw(r/min) ;

0.992 5;

0. 11 kPa<<Ap. <

2. 63kPa,500r/min<«w<<3000r/min.

1
Table 1

Fitting coefficients of flow rate at the rim seal,

pressure difference and rotating velocity

a 283. 4247518 f
b 1.067678788 g
¢ 0.1561935371 h

d —0.0003171292431 i
e —2.713089326X10 7| J

—8.618061009X10°
4. 13765094 X 10"
1. 085867082 X10"*

—3.502975596 X 107¢
4,215848777X10" "

3
3.1
30
8
8 )
, ¢ 8Ca));
¢ 8(b)); , ,
¢ 8.
9
O.S‘szRz 1
3.2

(5

120

/Pa

(p-p,

!

-30} /_~_’TIIT/

—480+
—630} —8— 0=500 r/min  —¥— w=20001r/min
—o— @w=1000 r/min —4— @=25001/min
—A— @0=1500 r/min —»— ®=30001/min
~780 1 1 1 1 1 L 1
023 025 027 029 031 033 035 037
r/m
(a) m =300 kg/h
320
120+

-480

-680

0.

1000

-200

0.

3 —&— =500 r/min
—— ©=1000 r/min
—A— ©=1500r/min

—¥—w=2000 r/min
—4—w=25001/min
—»—w=3000 r/min

029 031

r/m

23 025 027

033 035 037

(b) m =500 ke/h

—8— =500 r/min

—¥—w=2000r/min

r —8— w=1000 r/min —4—w=25001/min
—&— ©=1500r/min —»—w=3000 r/min
23 025 027 029 031 033 035 037
rfm
() m.|=700 kg/h
8

Fig. 8 Pressure distribution on stator
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Fig. 9 Distribution of nondimensional pressure
on stator
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Fig. 10 Experimental results of pre-swirl

discharge coefficient
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