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An experimental study on the flow characteristics of a
supersonic turbine with the cascade positions

Kkk

Jongjae Cho* Kuisoon Kim** Eunhwan Jeong

ABSTRACT

A small supersonic wind tunnel was designed and built to study the flow characteristics of a
supersonic impulse turbine cascade. Experiments were performed to find the flow characteristics of a
supersonic turbine with the cascade positions and to find a factor of the expansion loss. The
supersonic cascade with a 2-dimensional supersonic nozzle was tested with the cascade positions. The
flow was visualized by a Z-type Schlieren system. The static pressures at the turbine cascade inlet and
outlet were measured by pressure transducers and a pressure scanner. Also, The total pressures at the
turbine cascade back flow were measured. Highly complicated flow patterns including shocks,
nozzle-cascade interaction and shock boundary layer interactions of the supersonic turbine were
observed. And the flow characteristics in the supersonic turbine with the cascade positions were
observed.
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Fig. 1 Schematic of the Experimental Apparatus

Table 1. Experimental Conditions
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Fig. 2 Supersonic Blade Profile
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Fig. 6 Static Pressures of the Supersonic Turbine
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Fig. 8 Static Pressures of the Supersonic Turbine
Cascade Passage as the Positions

Figure 82 A€ H¥ 4¥ #=29 A4S
yebd @ =ojch Fig. 8¢9 Wl ¥ 1¥ &
ZolAel AU FAL A JE AXAN =F
T £ 1¥W FEE A FUHA &5
el 9E A wste] Auglel A IS
&g 7HHe AL ¢ 5 do 283 2d #2
Ao 4F 94X 0/59X ALY @& JA
& &7 80 EXE AL #HE AUA
ol Wt A9 4P s MAe AE B
Atk AT 2 e 4B YA 28 FE9
A e 9438 WRE {9 &Fl 7S
Hol wet S-3te AL ¢ F Aok 3W {F=
A9 FU4H g =& FF 5 #4H
g 9A 2/53X7tA WaE Hol
T frEol AY FAHA de 9
% o)Fde dAT gFE FAS
At.

Boa

rlr mE
P
tlo N "
e 22

o
4 H o e

23 HY 9¥ ¥R A¢Y 33 4Ye
B 24 497 2o WPos 4 oF
AAZR QASEom 4 Ao BE oY F

A AR ERAUT. AP AdY w3
3 3¢4Y oz A% 3% e +4 3
As BANE &5t A

Figure 95 374€ €4l 98 $79) Agde
Jerd aezolth adzy XEFE 3%
Ag 2 NACIHE He PAASHE e
et 98 9xe] BE 2gE 234 92
o ANt WelEe XFe) HAE Aol Z o
2 A He 92 f28 et YRS
249 AP =2 97 AYIeR U @
et Fig. 9904 2 & %ol Hul o
W F2oNe ALY gol AP AN W
B2 A3 Fhhe A 2 4 Aok )2
)8 97t FA ol5F wel el o
29 #27h BA =F 27 F4F WRE 5o
g0l weh Asdhe Aoz malg 1w o
9% 3/501% =& &7 450 3 K22 A
o #95A @eol weh WYY grol FHASA

e
2

2
o

Q)

fo @ b do

'3

- 270 —



Aade AL ¢ 5 A 22 2 YA gE
wE BF FF dYelNe A AXe] we
By 43 9 AR ol s Ageol
F7F v #A23}E AL Fig 99 iz F
B &+ 9l

[-a- G3POSP,,

0.50- . g |- G3P15-P,,

Ve ; : | A G3P25-P,

0.45 - N | GIP3-P

/ T et G3PABP

0.40 -

€ x -

0364 EF = Io%toa X 4
¥ A 9, \
& .

Total Pressure Coefficient (P /P )

R S -‘“}\, :C\ ‘\\'\
0.30- A
LSRN
0.25- U
Passage.3 Passage.2 \l“}
0204 95 0is
1/§ 178
3 215 LTS 2/5
0.15 —)-«4/5 . 4/5 ~
3 2 1
Measurement Position {(x/t)
Fig. 9 Total Pressures of Supersonic Turbine Cascade

Passage as the Positions

sz 2

2 ATNME 285 9 el §5 54
2 BE] A3 28 285 FFS AFstd
Hil 92 AX0) mE #% S4E BE
B £40] BASE 5L Anng.

el YA Wz ofPo| B9 F§F
oA EoleE Fst Soled @t Aol we
g Wre FESH0 wol WL BAY 4
AROP 53 3W 4B wZ PRA Aol
BAvSE s et 45 54 B 4
&40 BYFE 5HL ¢ 5 AU

L E2FA, A ALY, 94E 4
+

pp-375~383

. Willard R. Westphal, "The design and

cascade tests of free-contour 160° turning
supersonic-turbine-blade  sections", NACA
research memorandum, RM L57F21, 1962

. Thomas P. Moffitt, "Design and experimental

investigation of a single stage turbine with a
rotor entering relative Mach number 2",
NACA research memorandum, RM E58F20a,
1958

. C. D. Colclough, "Design of turbine blades

suitable for supersonic relative inlet
velocities and the investigation of their
performance  in  cascades:  part I
experiments, results and discussion", Journal
of mechanical engineering science, Vol 8

No. 2, 1966, pp.185~196

. B. S. Stratford and G. E. Sansome, "Theory

and tunnel tests of rotor blades for
supersonic  turbines", NACA  research
memorandum, R&M 3275, 1965

. B. S. Stratford and G. E. Sansome, "The

performance of supersonic turbine nozzles",
NACA research memorandum, R&M 3273,
1962

2
5 Be) By £4) e A
A8 BRFATRY FANE
2006, pp. 387-392

- 271 —



