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An Experimental Study of Surface Pressure on a Turbine Blade
in Partial Admission
Hyoung-Jun Choi*, Young-Ha Park*, Chaesil Kim** and Soo-Yong Cho***

ABSTRACT

In this study, the distribution of surface pressure was measured in a steady state
on a turbine blade which was moved the injected region and receded the stagnation
region using a linear cascade apparatus. Axial-type blades were used and the blade
chord was 200mm. The rectangular nozzle was applied and its size was 200mm x
200mm. The experiment was done at 3x10° of Reynolds number based on the chord.
The surface pressures on the blade were measured at three different nozzle angles of
58°, 65° and 72° for off-design performance test. In addition, three different solidities
of 1.25, 1.38 and 1.67 were applied. From the results, the low solidity caused the low
pressure on the blade suction surface at entering region and the reverse rotating force
was generated at the low nozzle angle. The positive incidence also made the pressure

lower on the suction surface at entering region.
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Table 1. Axial locations of pressure taps

normalized by the blade axial chord

SR Suction Pressure

(X/Cx) (x/Cx)
S1, P1 0.046 0.106
S2, P2 0.125 0.201
S3, P3 0.232 0.320
S4, P4 0.383 0.433
S5, P5 0.558 0.555
S6, P6 0.705 0.672
S7, P7 0.810 0.771
S8, P8 0.891 0.856
S9, P9 0.954 0.927

S4 S5

W (x/Cx)

Fig. 3. Distribution of pressure taps
on the tested turbine blade
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Fig. 4. Coordinate at the linear cascade
apparatus

Cp
077
065
052
0.40
027
0.15
0.02
0.1
-0.23
-0.36

Cp
077
065
052
040
027
015
002
0.1
0.23
0.36

(c) tip
Fig. 5. Variation of static pressure coeffi-
cient at ¢=65° and »=1.38

o](H) gy 2=t
(y/H=8%), B Et A (y/H=49%), ®(y/H=90

i 2 } Jﬁ}ﬂ grelch. zEe F99 3
WO 2 Fig. 404 HoFE Az o] I
c Ol%t‘oﬁblt} by x WIS Fwkol

s =4 13} 3 wgolT),
#xe ML Fig 4oA HHEZF oA,
o] $1XE Fig 1914 =2 =4 N9 %4

Cp
o
N

Fig. 6. Static pressure coefficient at the
midspan («=650 and 0=1.38)

B g ol zHFOR oFdE 74
Az W 927 Gk mepd o] 91319
gult ofde] wZo) EArdelel YA
9t A2 dehin, wEe =29 =W
Noo) @gas @ ghro] zWgow of
e bgAn me 9xE $AY

5|

AWl == AAE vy mepq 24
B9 F& (=014 ¢=32867tA o]t

Fig. 5= 7 91399 xwish wgs

Fef oleAAl Wt HeFal Sl Fig. 6

& BAWAFAA g HAX wE HL4H

I

A5 290w HdF Aolvh Fig 5~69]
A spes) shlree A% s §9
ol Ao FetEAF EXE JEH, A%
HAFE A (1) o] AejH

_ Pslomlipsin 1

2 @)oMe) Pt P A7 AGE T A
*EH S ognetH, A inH locale 7 =
Z 9479 SAHE 4F9] xWS vtk
AZA AHzAlE P o]Fe dA-u}
1382 Ao (=007 AZNIFH oS
sl o] hEEE Fol S st B

el Aol ZHo) ol Folzc

Fig. 5914 989l wolo] we} sy, B
W4 8 RelN S48 Eugdee Aeels
2 Zolg molA] gont, ojFo] BAIIL
2 AYsE A Huod 238 FY
Al ER IYAFE Wt P
Holx Z29¥ EW AYAS LERG i
A9 WHE Bol FAL ok 94Y f2
A4 HuZa $I5E 24 459 22
shetelel AAgos sl Fdely



39 & 84k 2011 8 ARG A BRIy Aol W FRe wste] #3 4Y

2
e
-

739

9ol Aol YiFol YgnE we|go}
5ol HRAN FAWORE FHEIIMA
LET L 2 98

Aol Qe (=0 o] JlAE FS

WolMe) Ew FYAF BEwAC Hu

NN Hrhe we g HelFm ok
Aol sl oy ERMY YR

g 24387 93t A1gHe 3 (Fig 4014 Fig. 7. Static pressure coefficient at the
oJg RZ Ho] HAGAow ALY A midspan (¢=-0.01, o=65° and +=1.38)
Foll FPHEL ¢ =-19 ANAFE EALE 08
E %Y 9FE W JLs HAF g Bt S
. ol nz Qe e ol uFoR o) T
Bore W gko] it oldo] W, Fig 44 0a] e
AFFRE AA3hol A Aol 47 FAdH= 8 o T %iome)
2 =ZdA BAEE 59 4dR7F AYF ' L
o tEHow sz wo] ¥ Fe} ¥R o] P A T T
Atele] fFEE fE7o] wekstA FAET s
Qo ors

0.0 0.2 0.4 0.6 0.8 1.0

g o] fEOR st JFRY FYW
of T AT vlkA o) ghe 2 v
doh AW o] R gHEHoRE HE F Fig. 8. Static pressure coefficient at the
g0l BEHA Fvow wr|gol Y R leaving region (o=65° and +=1.38)
oA AAAFE FEA] G A
e e e sl AAE gUE weiFn o, u
e e b per o ele ola we] FYuIAS FYAFE (=029 9
= Bl AR Ea s =l oA s weE JuUF HelE.
T =F EAHE e AdFIe) T wEA BARE §5E B0 Fu
7¥stAl Hol ¥ Re| FAHAA G A}AF o Qe AAgdosr BFow wugto}
= ARHOR %o ge= SUleAl dnt. BAEE ARAEL w2 F5UFIN 7
SHARE (=059 FANNE wmZel A B4 7t Zwor PPstel wEe) FEYFR
He fsol AYPFAe AT B ANAY HojAth = AYFdME 4%
of Xt webd FUWel ¥ dFEeE B Wdo] =59 FEWERG= HoAA Hu
b fsol FelA AAH FYWE gF g e w29 FEYGRGE o =
B oo LA FsEA "ok 7batAl Bk wEtA =F9 fEWEY 59
o] gL Ao WYYFHe WP Fo 3 ez 443 A7 ¥ Ayre oF
2 s Jheke 9 95 AT 29 A X (=09 IR Lo Ao
B2 ogo] FEEA dHoE Ajdste A T oM EAbE FEe] SR webA
Sl BAEE o U e =SolAe] AR olH 3 %0 (=0RT FHLE& F9o ozt
o W& #FEHFe] WsEHo IHHE A T FelAM Y mHEtS AT EI FF
2 dddEn o] Wi mE FEEAL A= o] ¢
oj@ol (=-04c]Fox HystA HW <t =040]2o2 ol WA H=Z<l ZH
oMo FAAF S7h= olF A wet £ 48t dS5E EoFa Ao Fig 72
ez Frksta lE & EoFa o (=-0.01 9 AN HHEAPATFS BEE
webA (=-04 AXFE FHHEO R {50 HolFa It Fig. 7(a)= Adxde A4
FAHL S & F AT =T olF w o EEZ UEAL Fig. 7(b)= HA #HW
g AT Sk dEuEE we 2= AAAFE 71FH 002 o yehd gt
AFfrol HlH|Hog Fristez wAad o AG] EEolth
Aotk Aol (=04AH=7F HW g Fig. 8& ©18o] BAlg o)A 5 z+e ujel
Mol AYAFE FR wasel 4as 2 BFNAANN AgASe dEL BAFT 9



740 HPBE - s - A - 258 i T
o gfFol HsE At AWtE BS
She gel FQEANM] FYAFT G
Aol AgASFRG e ZAFHY FHow
W3lelA Ao =29 SHEN)olA g
2 AzAol=olde] Aere] SH ol o|F 9
Ao} A= A7 (=3286 0|1, o] 91
2 (=022 3§ HZgdolqe waE
gelatdnh. ¢ =189 FANARHE F
W OEW YA 0 o depdE dage
RelFA glom ¢ =129 dNE 77
e EW YYAFE bk ot =39
N2wel s Ao Srse Fute
AAm Q7] WEe = EFFlA N2vd
SANN NG e HEr FAHIA o7
o) 22 527] W] o Fo] EAGE
9P FYWAA 4 e EW FAAS
7 AAA B Holth. AT of JFo] = (b) 0=1.25
Z O o]%sA =W FAWo)Ae AA 2 Fig. 9. Variation of static pressure coeffi-
= ol A Hrh o] dAo e HEo 3 cient with different solidities at =65°
o Qe oY FEE Eoee AT
Fol ZoEA Hol FRAAMY f&o] i o BXHE 482 AAHoE & fAdH|
A =7 wWEelth (=09 JIdAME= F o] Ao Hste] e e BHAFITh o
AW AAASEE AN FYA G2 W} 23 FA-AAMY 2 gHo] FARF I
o) sAg gEEe ¢ =-01°] 2 wrA < AA ste 299 & 5 U @R
Bl yo] 2= shd wo" 5w g 7kl ool srE Rl Z&he wHLE
WAl AeE fADT T EEE ob AU

gl HAggor A% AYL A o Fig. S(b)= HANE 125 2 WAste] 29
o] 922 S0]9t AegTo] =Zo A 3 A34E -‘51—0:1?:3’— Utk kA @AnHZL 2
Aoz st ZoJSA Ho], greElwo]A] 5ol Hlate] FdHANANY FHEEZE THE
94 J\’;_Eq_ ;(6]?}74]3':7}_ ﬁ‘_ﬁé;ﬂ_g_i 7&.5‘\_—3}7“ Q ‘5"5% %)]\-O] Oéoﬂi‘:} ‘3]—7(]13} %1—?_:]'1?4_0“}\19] Cl’:l]—
t @4 nolFm gon (=070 @ 1 AT sl @ dEvla Lo dE
AAE BY APASS G dehach me) ekl VIS S el et
A (=0 oF JelNE wze) Fuoz eSS BAFA S we olHd o

0 HEER Asel JPvel Y AP 2
Aol BoleE Wwel dIHIE F5e & A AUk ol olfrE Y K2
e dldel HRE wERes 5ol 9 Fashe we AFRFe F5ITFE ¥AG
AEa FUAWORE fFFol S vt ‘_ -
A el we} SAEE 2algol] gk vy
ol BRE EANY 99& Hlous dFd A o] =7t wA" Aot AW oI A
= =N 2AEE 4R fEol 4Fe & 2o Fe vt Homz Hae] A
o e Rl W e W & wedne @ 4 glen 93e At
2 sl A4 nejste] AAstelor o}
3.2 s ™Mu|9 3o WE EAM Fig. 102 =&¢ A7 o] 65° ¢ Z-5ol
ggo] wzo BAGG] APt A9

wFe) BALE 652 Su AWHE W fzste Aol e FFNANA ByE
As9e Wl JPEA FAA5E vas) ERYYAFY gES wolFn Ak A9
Atk Fig. 9(a) o A5+ AAHIL 167 Y o Ao -7} AL A9 FUWAAY X
o A%E RAFm Jed, AYIGIA F WAYAFE FFE Fo|E Holz glow,
w4y 3t 2ARYE. = FYW se @] we AAARTE AolHeS



%39 & 8 9E 2011, 8 741
0.6 p
0.4 0.77

e Y 065
0.2 7 “\\ 0.52
¢ N, 040
8— 0.0 N 027
o 0.15
021 % N L= 00
04 N P 0.1
S 023
-0.6 -0.36

-0.8

00 02 04 06 08 10 12 Fig. 11. Variation of static pressure coeffi- cient
w

(@) ¢=0 (entering)

0.8
. U
=—=Fx —— 167
ol Ny T
0.4
o
(@]
0.2
I e e
0.0 t:::k//A//ﬂdfgﬁk\‘_*ﬂ
-0.2
0.0 0.2 0.4 0.6 0.8 1.0 1.2

(b) ¢,=0 (leaving)

Fig. 10. Variation of static pressure coeffi-
cient at the entering and leaving
region (o=65°)

-1 o
Aol wEEAGLAN BAHE FEo
Aoz BFFEY ANt A B9}
2 FYRaN @

o
it
o
N,
ol
rr
=
tof
1S
)
o
st

3 HAWE 1382 HASL =
A7t 72° 2 WS Bl BankA
oM AYEAG BEE Fig 11914 B+
3 Sleh =F9] AXA 7] 65° 91 Aol HF|
of =59 EAME(b)ol Tuiste HA G
A7 WA= Atk =F) HXZe] 7°F
7bskel QAtbzte]l Sdidh Ae-ok AAHe A

K

at the midspan (o=65° and +=1.38)

0.1

0.0

-0.1

-0.2

Cp

-0.3

04

-0.5

0.0 0.2 0.4 0.6 0.8 1.0 12
w

Fig. 12. Variation of static pressure coeffi-
cient at the entering region («=72°

EEERBIEDUE RS
®oll galzte] o
FREo] & nH
ol #5724

)
u
=
Kl
_O‘L

r
<

i >

T

oo T

%
1o o 4

o o%

82 10 o
Qﬂ
ox Mr 2 1% |o M

32 g

o

oo K
ofl X,
ox o I

o 9 o9
N
_>|:4 - E‘O\‘

2

b1 18

ol
lo
N o

>
>,
oo

ol
o e Lo iy
o
Jr o
A of
2
Y
—_>‘J-',
2
2
[o
)
28

> HoE K
o)
N

18
ol
ol
2
N
é_l
A
[e]
— Q.

2,

Py

W rlo
o oy
LA
)
M

XN

o

N

[=}

ol il

i
o I

o g
9

kil

E‘ob
l N
g
_E

T

N
o
i

R=4
fr or

L H M [o rE

briof N
o
ofh ML N
o Ml
ofll
%,

R e e £

i
N
N
o
N

o
re
o
o
=2

S,

e
o)
o
°
X

>4

(o
M

fr
>
8
i
2
o
N
o
N
!
o

=k
Sk ERRCEE
F1 9tk $ALZe] 65° ) 7599}
s, ol
2 AFHE 3

e ke
ot Il ML o
oot froru g

L

oftt

fu)

it
o
2 fT
o2 &
18 N
o K

2o
de i
off >, (d
(o 2 N
o 50 X 2

)
o
N

g 1o
of Y §§
_IEO
M
,l_E
ol
iy
@
|
N
2
Mo ox

= H
i

1
AN ge) gazoz

_I

|
ol

LR
12

foro O 4 ¢ N o @ |
o
I
ok
0,

riu
jincs
=
N}
o
fru o
o
o IF
- Mz
£ o
ofl

HE
Cr’}ﬂ flo

zd
>.|:d T
—= o
v

ol
O ox



742

B
of
AN
1z

A - 258 B T Al

(a) Cp (b) Cp relative to

the minimum
Fig. 13. Static pressure coefficient at the
midspan (¢=-0.03, «=72° and +=1.38)

(@) Cp (b) Cp relative to

the minimum
Fig. 14. Static pressure coefficient at the
midspan (¢=-0.56, »=58" and +=1.67)

A FYHe FRiel e hee g4
G¥s SR W AE3te I& 2
SHAl = ATH15]

Fig. 13 @xdvle] Wslo] me g uW
oMol AT EFig 12 Fx)5 P9
Ec Yehfiold 47l A4S RBo A%
S8 HAFa ok AATE AL A =5
A BAE = 3717 BAGA R BFse
o] Horz AW F Aol 4H
o o Ee 4HE FAsk e BT

I QT

Fig. 14 =5 AX7o] 58° 2 Aol 9
Yol BAIY Yoz YT w A-u|7} 1.67
0 JFo A AdojxE THALAF BEES
HoFa Qlth. ARzl 65° 9F 72° Q1 A%

d

= 433 °E FHE BT 3led, o
= QAo 9] e A HER duiRo
FYHE GAGdel FAEH7] wWEolth
olf g =& Ao FAHeR Qo gFS
SWFgo R & JistA "ok kg gEHe
FREA= Fo dAHFer et 5o #
ARYAF7E AHL AR gEo] 4
S olZ st & =F AX 7 H
sto] AzAClE S FHFer & IS

L=
e Y e 125
0.4 T Y
" - \
e /// \
. \
Gos| ¥~ .

Fig. 15. Variation of static pressure coeffi-
cient at the leaving region (o=72°

7betAl "k ob&Y WY Ale =FellA A

Agdoz AFste JFo= %

Fo] &£Hor FAHHE <

APAFEER & 5 3ok
Fig. 155 =% AXzfe] 72°2 A5 ¢

ol ALY A HZAE

ol dojAe BUAYGAFY BEE

o} w
oFa ok AR 65° Q1 Aok HIstg
BAEE detia glow, IX7t A Aol
H799do s FAFgoer BPste F3Fo]
Homg u2 qhgo] Fwldl IAdE. wt
Holl PHHE FAGHo g PFPgo] A
Aoz Hovz g Agfgol APt
TERE THse AL @AEnoA tEel &
7tetal S-S JeEh L Qi s A v g7y
FollA =Ze AAzte] Z Bl ARAF
o] ol AL olfe =& F7olA BFHE
HAel 4% gz Qs =EfFol F

TEETE A

408 AzAel=olq 2o AXzw @
AuE WASUA REEAHE gl §
B, BEw, "o muske Sqsdn

F9 5E7 WA

133 el ZE EW

JYAF Wnd i

Z9th AYFGN @A) WBlE @

delo] Ag3ht ERRYAS BEE FY
=]

g zzjelt we] FUWAAE @Rzt
4255 EUYYY Azt BYHAL =



5039 & 25 8 F, 2011, 8 HAE G B X whE WY WSt dek A4 AT 743

Z AXZro] 72° Q1 A5 o] BAE AL 8) =¥, 25&, H4f, “vd wola=
2 A9 w 4P dAAo R st F BRIl A wmste] 2 Eule] g #
we] ghio] v shgo] FAHAT whd g AFAAP, dRPFSFts) x|, A33H
of =&dx7te] 58° Q1 Aol & o] EAY A123%, 2005, pp. 76~82.

dog AP o JArtze] =9 Fe ZA 9) Doyle, D. C., "Theories for Predicting

sof Ao FPwFe] FA Gl I Partial Admission Losses in Turbines", J. of

of A=AE RS FuFen MY 2 § the Aerospace Science, April 1962, pp.
< 7HHAl HAeH, etFe 2 J3)d ek 489~490.

o sl FAHAT 10) Yahya, S. M., '"Partial Admission
_ Turbines and Their Problems", Bull. Mech.
= 7 Engineering Education, Vol. 9, 1970, pp.

263~273.

B AFE=E AYAARAA RQAst= AW 11) Korematsu, K. and Hirayama, N,
= YA [RTI04-0103]  o]ste] o] FojH o "Performance Estimate of Partial Admission
22 o]d ZAtERHUH Turbines", ASME 79-GT-123, 1979.

12) Cho. S. Y, Cho, C. H. and Kim, C,
2124 "Performance Prediction on a Partially

1) Robert, C. K, Howard, Z. H. and
Warren, J. W., "Effects of Partial Admission
on Performance of a Gas Turbine", NACA
Technical Note No. 1807, 1949.

2) Musatkin, N. F. and Tikhonov, N. T.,
"Influence of Upper and Lower Overlap on
Efficiency of Partial-Admission Axial Air
Microturbine", Soviet Aeronautics, Vol. 22,
1979, pp. 95~97.

3) Verneau, A. "Supersonic Turbines for
Organic Fluid Rankine Cycles from 3kW to
1300kW", VKI Lecture Series, 1987-09, 1987.

4) Bohn, D., Gier, J.,, and Ziemann, M.,
"Influence of the Channel
Geometry on the Flow Equalization in
Partial-Admission Turbines", VGB Power
Tech, Vol. 2, 1998, pp. 49~54.

5) ZFA, AAL, HLd, w52
e wE HRlo /%
g AFH A7, FFFFTEIA,
4, A3%, 2010, pp. 30-38.

6) Sutton, R. F., Boynton, J. L. and Scheer,
D., "Small Two-Stage Partial Admission
Turbine", The JANNAF Propulsion Meeting,
Vol. 1 N86-17380, 1985, pp. 55~62.

7)  Rockwell "Design and
Experimental Performance of a Two Stage
Partial Admission Turbine Task B.1/BA4",
NASA CR-179548, 1992.

Cross-Over

SIS
Ao
Xﬂlél

Zo 4
|

International,

Admitted Small Axial-Type Turbine", JSME
international J. Series B, Vol. 49, No. 4,
2006, pp. 1290~1297.

13) Yahya, S. M,
Admission Turbine Cascades", Int. J. Mech.
Sci. Vol. 11, 1969, pp. 853~866.

14) S. M., 'Partial

Losses in an Axial Flow Reaction Turbine, J.

"Some Tests on Partial

Yahya, Admission
of Mechanical Engineering Division, Vol. 55,
1974, pp. 60~63.

15) Boulbin, F., Hetet, J. F. and Chesse,

P, '"Non-steady Flow in the Partial
Admission," VDI Berichte NR, Vol. 1109,
1994, pp. 395~401.

16) 59, A9%, J&&, 409, 258,
“REEAL o % B gelAe 45 W
sto] #ek A7, YT A, A38H

A9&, 2010, pp. 890~899.

17) Skopec, J., Vomela,
Polansky, J., "Partial Steam Admission in an
Axial IMechE Int.
Conference on Third European Conference
on Turbomachinery, C557/077/99, 1999, pp.
681~691.

18) He, L., "Computation of Unsteady
Flow Through Steam Turbine Blade Row
at Partial Admission," Proc. Instn. Mech.
Vol. 211 Part A, 1997, pp. 197~

L., Tajc, L. and

Turbine Stage,"

Engrs.
205.



