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Effect of Flow Angles at Nozzle and Solidities on a
Partial Admitted Small Axial-Type Turbine

Chong-Hyun Cho* - Kookyoung Ahn** - Soo-Yong Cho***

ABSTRACT

Performance characteristics on a partially admitted small axial-type turbine are experimentally
studied with changing design parameters, such as exit flow angles at the nozzle and solidities at the
rotor. The tested turbine consists of a single-stage and its mean radius is 35 mm. In this experiment,
three different solidities and four different nozzle flow angles are applied to find the optimal design
parameter. For a comparison of the turbine performance, the net specific output powers are evaluated.
For a 3.4% partial admission rate, the best performance is obtained when the rotor solidity is at 2.18,

which is increased to 74% compared to the solidity at full admission.
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Table 1. Geometric parameters of the tested rotors

Types A| B | C

Parameters
No. of blades (N) 28 | 30 | 34
Mean dia. (Dm : mm) 70 | 70 | 70

Pitch at mean dia. (s : mm)| 7.85 | 7.33 | 6.47
Chord (¢ : mm) 20.0 | 16.0 | 12.0

Solidity (0 : ¢/s) 255|218 | 1.85

Blade height (4 : mm) 20 | 20 | 20
Aspect ratio (4/ 9 1.0 | 1.25 | 1.67
Blade angle at suction (£s) |55.0°|55.0°|55.0°

Blade angle at pressure (Gp)|48.8° |48.4° | 48.6°
Blade thickness (# mm) | 5.08 | 4.35 | 3.64

Leading and trailing edge
thickness (# and #: mm)

*
////
/ £

15| 15 | 15

NOZZLE

’ © ROTOR

B

Fig. 1 Definition of geometric parameters
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Fig. 2 Picture of a B-type rotor
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Fig. 3 Schematic diagram of experimental apparatus

Table 2. Degree of accuracy and models of
measuring instrument

Measuring
. Models Accuracy
Iinstruments
HFM201 Less than 0.5% at
Flowmeter | Hastings %FS
Instruments 1500 L/ min air
SN-50L 10.03%
Loadcell
CAS Max. 500N
RPM ACT-3 10.0015%
gauge Monarch Max. 100,000 RPM
Less than 0.25% at
Pressure 811 FMG
% FS
gauge Sensotec .
150 psi gauge
DAQ 34970A 0.0035%
22 SHRA]

ol o
A

Fig. 4 Total pressure and total temperature at the
nozzle inlet when various nozzles are applied

=A3t90H, gule 3HFe) A Ear T
Aol =3ttt

BHHS A1EE Fo FEF/E A AHEgle]
712 HE HiEHERE fdEe dFdEs =

= o2 H7IsIA Y. Table 2= =4
B Ao AlgS BFa ok FEA
A= Y9 AFE= #20% oL
s EA A

i
N

Hgom, Agxe A4z4e) 29 59 A >
P F Fse] 2o wEy FAe ¢
sk

3 Zot U AE

EjHle] Aol HulY IAFE Alos)

t EYAE ogdtel oy YAAHAN HU
o e Zgstgon, 24 Ad Bl 29
3 ARA Bdo] Y P AL W
ARG Tz fFAHES Sk Hulol
4550l gA5e] WEl TR, w27
Ao AT Aere] WHTL £08% ol
2 §AYULS Fg 494 BeZEm ok o
H3 ol =z Ezudol mzAme ¥
of Hlstel Y Homz w=IAME AFT
7o) AT} 2e Aqe sty Wl of



H1z# H6% 2008, 12. TESA & ;ﬁia%wﬁécﬁjﬁﬁw =ETEHC 25
0.025 TFoll A HAH(P,) B HALE(T,), Z7A
N — o] AtH(p), HRIY IJAF ()¢ SHHA

A BAEE T8 (Loss)ol AT LA

0.015 1 A5 vke} o] HYS 7HEe iAo
et 12 e WEdes 7a4s gue W
DN FEoz AAFsidd. old Agdd asd=Ee

0.005 1 P79t EToAY 0] TR FHAE

= o} FYg AFS Uit shAW 5 &L 4
§o.oooo 1000 2000 3000 4000 AR Ao wWod, FEA gl o3 F
%_ Rotational speed, /T, "2 [RPM/K"?] HEAZFezRE WA EHS Bt T8

Fig. 5 Variation of mass flow rate when various Ak SAGAAN wAHE S8 FHA
. nozzles are applied % nees 2 ﬁ.j‘:rlo*“il‘f S RE o el

HE AMgste SHAAA A EAEHe 45
50 AR, &4 IHF we FUhske
= e A2ss Ao 2 2(2)¢F 2o] Aol

3'«40 —&— B:2.18
30 | Loss[W] =1.44 % 1074(24/3 2
20 1 Figure 6= A 7}A] 8] &dnjo] e HE &9

s ZAE3 A4 34 RoFa 9o, 3
] 50 AFHAFE w3 PN 23Y AL

S0 : : : Lo Yzt BAHE FAZ YERY Ut 4 H
5 O 100002000 3000 4000 mge w2 e Me] f7o] 7509l gl
S Rotational speed, /T, " [RPM/K"?] A AEsQon] ™S 2Ee HEu o)A

Fig. 6 Variation of the total-to-static efficiency when Toto] X Fholth. AEE S A=A, dAu7t

the flow angle at the nozzle is 75° 21821 B-typed =ZEZ} 7HF <zt AHE Y
B AT}, whebx e BEEEARA ZEse

2o AF ATl MERe #12%HE zigEmdA Az FAuE 218 A 3

FAEAES Fig. 5ol HFT Slck o2 oo o 5 g}

AL AFFFY AdE HAste] =50 &34 Aoz dojx HAHo FHAuE HEAbA

oA ZFetes =Eo FEUAS ATFA HEate Huoxe HzA FHu|RtE =t

71 wEel et gutdog Ao AHHE A ZHEris

of A fredez HE dojd F Aok

B T2+ Loss ; T AF AMEE ZEZE AEAMA 2ES

s = SEE D ga w2199 agus 125 4571 9 R0
me Toll=(5 =) 7| O ST RREAIN AESE Afels

| 218 249 e Jehionz, ARAE 7)

Hule] e A1)y WHes HriEde To2 AAE ZE dAvE WAy {s)

m, ol fl3td AF EA(T), AFFH(m), & Axe g3 Mg Fristd IJAE FAF
= ol AHEE Btk 53], HElo] ¥ F



26 ZEH - =Y - Z48 SR EZIB e/ X|
50 50
%?40 40 j: ;20
- 55°
30 R
A
';
20
&
(7]
210 1
—4 0 ‘ : ‘ _g)O ; ; ‘
2 o 1000 2000 3000 4000 g 0 1000 2000 3000 4000
5 Rotational speed, /T, [RPM/K"] §' Rotational speed, Q/T,," [RPM/K'?]
) . ) - a) A-type rotor
Fig. 7 Variation of total—to-static efficiency on the @ Aty
B-type rotor when the flow angle at the
nozzle is varied 50
- 40
ERAMEOIN ZEdTa W FEslae 2H
o AFWF FRoA AR FEaA 2 A 20 |
olth. W 2| W7} AEIlse] JFG W E
= 9Y(active region)Z FFrt27F FFS v %\:207
A g+ 9 9Y(inactive region)ol ZA loH ZF gm,
FrkeE 4FE MAA R 9ger O =
5] Mo Sy pl=H o Hyleo =& =2 [0 . . .
S WA S wiEHEE Hule] S = 3 0 1000 2000 3000 4000
B3 W %] o] Zolo R o
o] HR| FE3itt, wEtA A9 U2 FFIt= = Rotational speed,Q/mez [RPM/K""]
o) JF& We ANISS FushA HE H ™
wolAel 2dZsbel Ego] B Aoty AW _ (o) Cype rotor |
b o dale o= o151l ol 7ho Fig. 8 Variation of specific output power with
U 22 dX= 2308 g oj@gite] A various flow angles at the nozzle
7t Eo5N 2N £de S
2 Hdd @Avle dFo]l BRPL ¢ & 49 Zrnte 3599 F/bt 2 B9
Atk woolwlzh itk ERle] REEANN HE5)
B-type ZHANA =& ESFolAY FELE HH =FdA AErtarE S vAA XSt
MR ol dojA= FaEe HA=E Fig 79 = gAdgME 938 Eulo] AL stHA =
A BoAFa ok =Fo|A Y fEzte] 75°¢ FMEE wEO] IS VA ggo=z JHA
Aol 7HE 453 EES Aoy, o] & A Ho, gulo] A AsdeHd =gt
Zro] ZoEA HW EE&9 AU A HATCH 71742 EjHlo] AL JIAE wZA BEALE
=29 F54E 65°, 55°, 45° = A Adte] A E Jlayl Bolgojop e EdLao] wyE
& Asele wzolMe FE2] 559 A ok Ed 2N BAE FErtas EuY
7he F o Age walel ¥ FEES Y 29s #d gle J9oz AFFe AP
WlTh o ABzRE REEAIA B o glomz oejdt £A5 wZe] FE7
Bule) 4$ JE22RE dolAE EHuElN WAl me Zrlske AEst HuldM Qi
o 5ol 2ol HP3 2 IFL MAE & A45sz0 o EFYRY FopAE A4S
Ao2 PAEoATh FAT HHleA BAHE o) Age v B



H1z2 Hes 2008, 12.

b
~1

25
—e— A: 255
20
15 4
Z
310 {
’%‘
e
& 51
ks)
» 0 T . ;
8 0 1000 2000 3000 4000
% Rotational speed, /T, "? [RPM/K"?]

Fig. 9 Variation of specific output torque when the
flow angle at the nozzle is 75°

Hilo] AFsle Aol SE4 3o R FE
oMol drtaS AT + d=dl, B-type
ZHAA, =& EFA°
45° 21 Aol ZAzhe]l Hi asFddA ol

AVZE 24°, -109°, -232°7F doHoH,

ETlMe frszte]l 55° 91 A5
FEYo] xR EHEA Tt
AaES A AEALANA 253t
ol HAo A 5 E ole
Atell A ZhE sk EfRlo A <]
HA 9 JAAS ZolEAFS & F AUtk

Figure 82 A-type ZE|9} C-type ZFE || A
dojx HEH (N9 A=E Yehfed, #EY
szl oste] AA JF
of @dnle] Aole

F

ol
2
Eofoh W
o N
b
>,
_E

o o

boorf ooX T 4w zO
ILA)

=
i)
R
e
e
M

N

H

N

2
>

- Lo

nz
oo
o
mO
Ir
w0 )
% O
&3
)

oo N = g ro
=2
Lo
o =
o2
ot
r'EI
| o
{

N,
rr
&2
u
>
<
o)
o
9
>

o]

HEZ J&E Fig. 9914 HAF3 ok =
oMY fFEe 7572 AAHAeH, F
sdtEE HED Adxe FEFS &

B30 AF¥F I3 AFS vedt Hu

120
Lv1 00
=1 80 -
*
S
60 -
40 -
20
z
@ 0+
% A(255) B(2.18) C(1.85)
Q. Rotor type (solidity)
(@) with 75° flow angle at the nozzle
60
J,VSO 1
=40
*
=
30
20
10 A
zZ
@0
@ A(255) B(2.18) C(1.85)
C_CBh. Rotor type (solidity)

(b) with 45° flow angle at the nozzle

Fig. 10 Net specific output powers with various rotor
solidities

Hle] WS fste Z=E W
type ZH B9t M 2 =
[e)

s 7HA
7] WFolty. Ede AFUIFoR Jtete o
24 o] WaFo g o] WA AHZQ #AHo]
o wEtd & ZEE 7HR Atypedl A =2 E
g5 BoFe A sy, B-typeolA 4o
N E=ZY Ao Hsto ofF g FUHe A

Wi =
29l A5S vudl=d Fig 8% &2
HE9g o Ayes Edy 3d5er #do] gl



oo
«H T
K4

50
i

ol

-

i
Ko
K4

oo

T AT R T e MW
T NN N B HmM7z§ﬂ
SisTs TRTOw
. 2 Al o o1
W _
FE T T o d
_e?ufﬂfr Mmiﬁﬁo
i No L ||
& MW F x T o
__L%HEMWMMM%E
O R N )
ﬁ@ﬁﬁﬁ%%%%ﬁmﬁ
R TR S (DS
HogTantleny
ro. . B
%MWN@WQ@%WH
mo»A_“‘olﬂ7n_Al 3 —
oo LW E T T L
ST T <
T RN m oA ok
Wom T BE No 4 Mo W ol T
8
L ©
, Y
S —— 8
‘7w
| —— b
N
"ow_
g
[ —— ©
— O
828 '8 £
NN ©
PN hmmmm z
11 g &
o
c o o o o o o
m m [ee] © < N
) I1*10 Net specif

B 11 o] A

p—
R

5

11 Net specific output power according to rotor

Fig.

g Ko
00 .
o
3o ar
To Yo
wo o
%
;OL
= ™
™o
o =)
=t
.Z_.O ﬂ
oo
iz
o ©
N A
o) ow
T
N o
e o
o

types when flow angles at the nozzle are

varied

5]

p—
T

Q ABAEEL s

3|
S

A

-

omz gule

T
i

jan
_&O

N

g

ZHAA

=
=

e Aol oy

o

H S

Erl_

SO
B A
o T
" o
T oL
o
I X
" AR
&R
CRY
o ol
WA
o
=
T
oge B
™ 5
Bogr
8o
4N
)
N do

M1
gl
<
o B
o .
Ho oy
_~ _1&.1_
N
)AO
..:L \_._w.u_.o
ml
o
70
O__._ MH
iﬁ ﬂ_l
o
oA
o X
)
S o)
Sy
Mo
s
B
o o

kb

B 1 o] A

1 9%

5|

Al 2y

=
=

B4 HH5o 22

el

XA
i

-

—

4
WW

34%9

o] |
w To
Ho
wm ca
o
T T
i~
= ¥
) ]1.._
R
w O
N E
1y
W
m O
Ry Mo
Boos
ih!
o A
Gy
W o
-_Y
- =)
CEL
D
o
=
.O.O
=22
N

/ ‘Qmax
0

ZH| i3t

]

0.5
t0

kWX (2

[~

mXx T,

I

Fol 74%

H] s

R
N

Ao

=ER

il

p—
R

T
W
N
Njo
M
ﬂmo

Aol Ag

=
—

A-H7F o
£ Fig. 10014 ®<

Al A 2

= o BBuH
T%E—lﬂt‘ T

45702 $He

T
N

o AR =z ETRE

ol

vl
H
o
o

BN

o

AS i, B-type ZHAA FojHOoH A-type?]

AolH, ZdlA el =

fFrEde 55° A 75° 2 7k Aol 60%

L;L

AolAE HEgug

C-type ZFE A

ZH+=

=

A-typed] ZH7}

LA o=

el
"
i

mJ

B57F o

o wste] wet W

o] 65°, 55°, 45° ¢l A
T+

N
1o
ok

1

N
Ho
oF

p

?.

ol 4 2]
o] A@AFNM=
=

o

/\El

oA

=
=

55° 7} %]

el

EO ;o‘_

oF
o

_';L

ol A 9]

~

R

s

C-type E2H oA FHIEEo| A-type ZE olA



Hizd Hes 2008, 12.

7

o

2 =59 21417] ZEF ]
ATFALALE D oAt @rﬂ* A 2 Ay 7e
Bk Abg e A5H] A Y(CH3-101-04) 0.2 &

ik

b

o
o

1. Robert C. Kohl, Howard Z. Herzig and

Warren ]. Whitney, "Effects of Partial
Admission on Performance of A Gas
Turbine," 1949, NACA Technical Note
No.1807

. Bohn, D., Drexler, Chr. and Emunds, R,
"Experimental and Theoretical Investiga-
tions into the Nonuniform Flow of a
Partial ~ Admission  Turbine with a
Multistage Blading," VGB Kraftwerkstechnik
Vol.73, No.8, 1993, pp.610-608

. Boulbin, F., Hetet, J. F. and Chesse, P.,
"Nonsteady Flow in the Partial Admission,"
VDI Berichte NR, 1109, 1994, pp.395-401

. He, L., "Computation of Unsteady Flow
Through Steam Turbine Blade Row at
Partial Admission," Proc. Instn. Mech.
Engineers, Vol. 211 Part A, 1997,
pp-197-205

Bohn, D. Gier, J. and Ziemann, M.,
"Influence of the Cross-Over Channel

Geometry on the Flow Equalization in

Partial-Admission Turbines,” VGB Power
Tech, Vol.2, 1998, pp.49-54

Skopek, J., Vomela, L., Tajc, L. and
Polansky, ]., "Partial Steam Admission in
an Axial Turbine Stage," IMechE 1999
C557/077/99, 1999, pp.681-691

(DY E08, 4ES, AT AL LA

ogte] AEee ERIFHW A
agaT, BHEATAL, Voo, N
2005, pp.10-17

Epstein, A. H., "Millimeter-Scale, Micro-
Electro-Mechanical Systems Gas Turbine
Engines," ]J. of Engr. for Gas Turbine and
Power, Vol.125, 2004, pp.205-226

. Peirs, ]., Reynaerts, D. and Verplaetsen, P.,

"Development of an Axial Micro Turbine
for a Portable Gas Turbine Generator," ]J.
of Micromechanics and Microengineering,
Vol.13, 2003, pp.190-195

Isomura, K., Tanaka, S., Kanebako, H.,
Murayama, M., Saji, N. Sato, F. and
Esashi, M., "Development of Micromachine
Gas Turbine for Portable Power
Generation," JSME int. J.,, Series B, Vol.47,
No.3, 2004, pp.459-464

Kang, S. Johnston, J. P, Arima, T,
Matsuaga, M., Tsuru, H. and Printz, F. B.,
Radial-Flow
Impeller Made of Silicon  Nitride:

"Microscale Compressor
Manufacturing and Performance," J. of
Engineering. for Gas Turbine and Power,
Vol.125, 2004, pp.358-365





