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ABSTRACT

Performance evaluation of a compressor is conducted to develop 500W class ultra-micro gas turbine (UMGT) for power

generation. The performance evaluation is essential to check the performance of the components of UMGT, a radial turbine, a

centrifugal compressor, an angular combustor and a shaft, which have been already designed in previous researches. The purpose

of this study is to introduce the development process of the performance testing equipments of the UMGT and to present the

results of compressor performance test. For the performance evaluation of the compressor, two test equipments are developed

and the initial test equipment uses commercial static air bearings with long shaft. In the improved test equipment, static air

bearing is improved to increase rotating speed and compressed nitrogen gas is used for utility gas of the static air bearing to
supply compressed air in a stable and steady way. To increase rotating speed to 320,000 rpm, 80% speed of design speed,
compressed air is provided to the turbine. The performance map of the compressor with the 50%, 60%, 70%, 80% speed of

design point is presented. The results of the performance test of compressor show a good agreement with the results of 3D CFD.

1. A

2 by
o o FH
(o]

ol

3 AA71718] AR 715 mobilitg) 2
2 ueplA Eoin i, 1 olgs WEe
o A% Fo7k Ao wS Lely] ojRoldt,
MP3 Zeflolo], FrhE, tlAE e}, wER 5 Anjd
2o] 0.1~100W | Ut tA|E 7]7]9]
HAFO ) AU A 4% eI £
AZ AAST ok ShAEr 29 22, AEET, AF

B 5 100W o] AHHEE HAe e B ol g3t 7
EBAS s 49 SA I S BAV e 3

otk 53] o2t 429 FY7|7 1= =2 olvA| =Rt of

oft | fom
ol
ol
.
JH o)

oft

NIUND)
rie

Aol 7]

Yo @

* A AT SRR IA AT

T WAIAA}, E-mail : jmseo@kimm, re kr

SHIIAMLD:M153, HM6S, pp. 51~57, 2012(=2& =2t 2012.06.28,

et 50 2o WEe aveit) ofelg Swo) He tlol
a2 =YY A](Micro or Mobile Power Generator:

11

MPG) 9] 7idofl thgt 877} obAl=d, oy Y=o}
IEY Ul 54 2= ti#AQ MPG7L HiE 24 7}
B9 (Ultra—Micro Gas Turbine: UMGT)o|th®,
UMGTE 23.0] Sgnt opje} AR gu]z2o] &
|7 A= il:} Eo] u];} MPG AE7}50] AL ZHH|9
A3 MPG 3 W ZARE At HaA@ o] o5}
B, AARE AR AR 9] A9 100WFe] 9 2EF AR
oluf eI o] GElsht 500w oAk UMGT7} §2l5t
ok 3}, 500W32] UMGT 27| = =808l 2%
248 Rolghyy), Relzy Hd/add A
ghgo] FRsaka, YpgoRt 43
, 107] Sl B8P,
40% 720 B8-S Hol= FHE 7EAENlof vl UMGT
o] 79 7 Aoko.r I L% J&w o1a4 o e

=23k 2012.09.26, 2012.10.08, AAIZZ YA 2012.10.23) 51



E YoM 500WE 24T 7tA
gk Aol s AW, 57] W BRIl 3 AAD
7

i)
rE
i
R
N,
=
fE
[> o

@ Ao, dug] 440 5 ok
B AT 500WE 24 ZRAE A7) AL ) &
£7] 5 AFS SUSH 1 A4S 3D CFDS} vl wahlct.

2.1 AO|Z sHAM H layout

2 A= &9 500w, & AF 1L Fof 7hsst 24
7h2EHl WhA 7] o] Ak Bx g sk gk ZRAERIY 4
Al 9 e 32 Fig. 13 gt 7kAER g8 A9 &
A3l AbolZ 42 Al2Hl AAe] Aty o A

T ofh

>

=3 B R |
o] 27], 58, &9, HHl Y5 2=, I &H= g5
S 712 Al et ARE d& oIt} AfolE A
7F2EH ALo|F 4] L2 180) GasTurb 1108 ARE-3H%
ok ARl S SiAE flsliA= 2 3717100 tiE e A
izt 7S Fa R Itk ol 7S 84 FE9| o]
U 7lE A= 58 F=ste] Ho gelkt 7MY gk ARSske
= o] Hashy, ofet S T3l 71 2 s
< PS4 % 7PYS-2 Table 1] Uel Wolch H=
O] Akl ofsff =&E 4% Fughr]e] A& 75%0]H,
ARl E iAol AREE AJ2HS] HE2 Fig, 29 At 4
H Afo]E 48] AIE Table 201 AIAISFATH,

Aeso)/E 8} =¥ N

A=A AT

:

—

!
TE WY Y

\!dlﬂl' HUEH  Mesh ¥y

Fig. 1 Process of aerodynamic design and analysis of UMGT

Table 1 Assumption of pressure loss

e =4 1 =4 %
457 FA-dusr|(AeE) $o 3%
A7) R 3%
diffuser W5 2%
HYl S7-gudr| (i) $o 6%

52

DR

o140 (5 290%)

B2 2EA 2 G
I=607K

Mt} e sro

2157 (5 R68%) -

a8 37
(%)

o WE % el

BT EETBIK o el R1%)

Fig. 2 Cycle analysis model for UMGT by GasTurb 11

Aol diAE v o2 AAE AA layoutsr Fig, 33
o] FHdskdieh. ERlofl oJdf HsEe dET1E AXH o
=% ¥71= fag7|(recuperator)ofA] =7} A5kl
o] ¥7= Aa7|E Ay TIT=1200K= 7}EE %, BRI
= TS "k o] ¥ 37]= A QuEr|E F8l v
He F2E 7RI 4571 fdEe 371 EETE A
A 2o]e=t o= HRICERE &L Fof YH7|E A
e g9 Asle A= HshA Hot

Table 2 Results of cycle analysis
Bl w4 #*
mass flow rate kg/s 0.02
#=7] = R(P3/P2) 3
B9 97 2%(TIT) K 1200
A8 kg/s 0.0001945
4%7] &€ (isentropic) % 68
AA47] &8 (isentropic) % 90
E{4l && (isentropic) % 70
Hugt7] &4 (isentropic) % (5]
W37] 88 (isentropic) % 80
Byl %2 kW 401
4571 &4 kW 3.14
%2 (shaft power) kW 0.87
141 7] %2 (generator power) kW 0.70
4 g &(thermal efficiency) % 10.4

Exhaust gas
Compressor e

. _“-_'—) Recuperator (—

\f; /;ﬁT

_Generator

Air in I’Fj_
L

=t

Turbine

Fig. 3 Layout of UMGT

SHIAME: M52, M6Z, 2012



2.2 1D M7 U MS SHM
7] 1D A4A+= NREC A}2] COMPAL®® g 73S
31, E¥] 1D AA]= NREC A}9] RITALM I jeis
F&sto] AarA )l Bt o 38 AAE 35k
o}, =719l I/ 4= 7(main blade)+7(splitter) 7] o]
oh o)A DAL AAE AAe] 27 9 f%e 1
eat 929 2712 123 1) guide vaned X F719)
HAY 2 QI5}e] vaneless diffuserg& AMESHCH gHlS
A %7t 8ol Bl wZe] o St 147olct, 5]

A

J{w

21
or
E]

<)

g3t

2

>~

ol

9 EH19] €7 (tip clearance) 0, 1lmm& FU3lt}, 1D
AAls B4 3ol Eelol= Eve A, EdlolE &
o] & AHHs =Asto A9 e FHu FHEAA

(off—design) ol 2dlol= 9 =59 A =
ottt 1D AAE T3l =2 A A4S Fig. 49
A A5k

L

2.3 3D A H AME M=

1D AAIE v} o2 ANSYS A}9] BladeGen2 ARE-5}o]
U=7] ddy 9 ERl 2¥ 9] 3D A2 A, A
=] 3D A2 ANSYS AR TurboGrid 13,03 ARESFe](5
CFDE 93t AAE APk, Fig. 5 Yepiict,

3.0

0.9

n R13S

R17.1

6.0

(a) Compressor (b) Turbine

Fig. 4 Meridional view of UMGT (unit: mm)

(b) Turbine

(a) Compressor

Fig. 5 Computational grid

SHIAME M5, M6=, 2012

(¢c) Turbine nozzle

Fig. 6 Compressor and turbine of UMGT

ANSYS ARe] CFX 13.0& A}ﬁs}oﬂv
sTHES AMgsiolnh QT A =
LA, 45719 E—"r%ﬂﬂi
o, Hule Epzdosn 4wt 4
4%7] 3D A% e GHAR
A 24042 3D 4
7;34»;: OECES

_]
=

10p]

2]

=
ZF
=4

2

Eé$¢m¢

P
)

ol
O 23 1D Ao g
@1]_01_]_3‘;;:_} oI ) 1:]_(7,16)

TAF19] 3D f-5 6H o x S %31 3D A4 3zt
2 A Aol oot 57 dHlel= EEkE(titanium)
T AR ARFE AL, BRI 222 Inconel 718 AR
5% 7h= &oto] A= Fig, 62 AAE 457] o
Hejel gRle) 28 3 ZFolrt

Rl

A

& A

4 d

2~
-
af

_IZL

2.0
A=
b

3. &§=7] d45 AlE
311X} ©Y=7| M5 AME EHx|

7}*151‘:'1 7HHH 20l Ha} = 7}% Z83t Zlo] 4=
7] AEE sk Aoltt wEha] 24F AR Qb

7] A5 AlFo] "asith A2 £%91 400,000rpme] 34
A7) RE R A7 Aol E7FsstEE 45719 3
u8f F71E o83t BNl ARSI

U57] A5 Al AAE A% HRlS AeH 134
A3t UMGTE $I8te] A E¥lE TIT=420K, 7+
4.2, 82F 50g/sE 0|8 AL FAS= 400,000rpmol &
g 4. 2kWE 9= Aol 7%—@% gelstglet. o] 2o df
sk e B4

A Fig. 7o YERAE 4571 A R

a4

[9)

53



MR- gEYy

A% 91T Q7] 8 NS B Aol UMGTS $19) )
W G, B W wEE TR AGRHORN, AF )
ZF 9 A 18-S A 4 oA 9k Fig, 82 UMGT
oA AHgSHE AT P57 B 2 eyl 2EE o] g3t
17 9457) A% A8 A9 layouto]tt,

6 - | . STAGE RPM= 350000
_a" STAGE RPM= 375000
7| &~ STAGE RPM= 400000
¥~ STAGE RPM= 425000

4+ STAGE RFM= 450000

w

=

Stage power (kW)
)
o]
fn
Q
3
ie)
<3
3
—

i

4]

1= t t t t t t
001 0015 002 0025 002 0035 004 0045 005 0055 006
Stage mass flow rate (kg/s)

Fig. 7 Off-design performance map for compressor
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Fig. 12 Thrust-radial integrated static air
bearing and shaft system
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Fig. 14 The 2nd compressor test facility
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