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A Dynamic Simulation of a 150 kW Class Advanced Microturbine System Using
Humid Air Turbine Cycle
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Both WAC and HAT are methods to improve gas turbine’s efficiency using water evaporation. These methods are

relatively easy to install into existing turbines, and they are effective ways to increase output power for microturbines.
Quick response for output power is also expected to apply to load following that will be needed in power grids due
to increase of renewable energy. Therefore, it is important to obtain dynamic characteristic of power systems that are
installed WAC or HAT. In this study, dynamic simulations of a microturbine installed WAC and HAT are conducted.
Effects of calculation models including WAC and HAT models are examined to compare with experimental data of

the 150kW class microturbine prototype which was the first application of HAT to a microturbine. Simulation results

show nearly agreements with main system output data of pressure, temperature and power.

Key words : Dynamic simulation, Microturbine, WAC, HAT, Regenerative Brayton cycle, Radial inflow turbine
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Fig. 1 Arrangement of main components of the microturbine'”
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Table 1 Design specifications of the microturbine'”

Items Unit |Design
Rated output without WAC and HAT | kW 129
with WAC and HAT kW 150
. without WAC and HAT % 325
Efficiency (LHV) with WAC and HAT % | 3
Rated rotational speed rpm | 51,000
Pressure ratio of compressor - 4
Turbine inlet temperature T 960
Thermal efficiency of recuperator - 92
Bearing lubricant - Water

4. IEETI

41 O—420EEHER
y—vru—5OEEIAESHRORAEND D, MR

B w® 2 FDOBEMEILD 0 — 7 12 ALF o & LT

(D XHIcEKEND,

do’
dt

=200, -,

loss

-W,) (1)

EXRTWisld =212 L B LT, REHSTIE, #
Hlu—soEHL, WZHELETEE L7,

4.2 RUOEBEOEEET L

421 ZERHE
JEAEHEICTEA T % 22501 i Gud 3 IR B DOFEAE 3 5 JH
MBI AR R W T2) TR S 5,

ﬂj” DC,mean )

2
sine;,, 2 2)

Go = AcinPuacin
CZTai BuDEIFEMEDEIIREIZL > TEDS
ETH B H, RIFNTTIE a,l360° ICEEL, Bak ik
L TR DOIEMBGEIIRE G bR LI Lz, B
RBYIZ T ERE PR FOEEE £ Tl B Wk IR O R
Bale LThz, e misBussERE, & — ¥ Al
IZOWTOBENX, ZZTREBRBIO2KRNANTS 2
72

ﬂin = fw(a))’ ﬂin.w:w,.‘ = fw (Wo) (3)

X 21F, RANTRTBIEE, BIERERKICX 2 7 e
MEE AR O I 2 T HREHR Y TH o MR w,
B—EORET, EFEREsRe)cRFiug, M2o
YRR DO Z EAGE MG S EN PR TE S, K
FHEEFVTIR, AEBLERED 3KATEML 2,

T,
G, = Gﬂ L’ w, =0 g (4)
p T;*e/' ’ T

(2 ..

D),

K 2128WT, EBRTRINBEHRUNADEEDH
BB wlcBW T, RO6ITRT L 912, 20N E B
B 2 ROWHB (fr, £) ORERICETLZHGEE LT

HAH X & —E %85
4.5 51,000 rpm
50,000 rpm 2
4 Surge line .~
/(-.
N 35 45,000 rpm 2
o 3t .
o 40,000rpm 2~
L 25 L \
2 . |
o 35,000 rpm £
o 2} L
o 30,000 rpm
25,000 rpm ,~
1.5 20,000 rpm
15,000 rpm z Curve calculated by Eq.(6)
T e —— i NI
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6

Coreccted mass flow rate [kg/s]

Fig. 2 Characteristic curves of the compressor

T %, K20 iR lsiasteNc L - TR
H L 7247500rpm TOE N2 ZTHMTD 5. FEEL
FEZEMBEORFICEH L THHEH L T 5,

( p ) = 1 [(C() - a)n )f;ﬂ-l (Gc‘ru,zu)-‘r (a)fﬂ-] - a))fn (Gt‘l',w)](6>
PamJ, P — D,

4.2.2 EUERKED
O EAEEE) ) Weld U7 THINT %0 JTEMEEEO
BESARR & A3 s I O BEEAR I 2 T 7o

2
W, =L (142G, [, + & em a0 (7)
e 2
L(/ = Vom,ciruout - imciruin,mmn (8>

BORZEAQX, MELTHRATEHNEAbLEELI—1
CRNDIRBET AH O OBBE) &, WACTH M 125 M
W% E# 5 2 %K O 2T X o THEBIRED? 589
I EEET D,

4.3 BRBOSETTIL

PRBESR ORI HET VBB LR L b D& AW, D
T, HAREHREICH T 2 REER L T OMBEST A =
TN~ hgempom, HALZERIEENIH T 2 BRBEEH TG
HERT YT VY = hugeombou, TN DETD 5 HAT
BB EL ) DY —E VICHAT IR ZAD TV ¥
WY — bl nEn9),00,00RTE ) TH 5o

A R +C)S,..
h:‘}) t:h'(' ) /Ier,'F/’lG»‘f‘T]BHG»—(I 1) liner (9)
o cmb,ou waCou wa Ty u s G
emb 7
h _ CZSIiner - C3S<fsng
wa,cmb,out wa,Cout Acmb _ A]ing/' G (l 0)
A wa
cmb
A A
mb liner
g,cmb.umG[’ + hwa,cmb,um “"A e Gwa
hg — cmb (11)
G/

22T, AN oMM T (9D B BER R 512
Lefebvrell & - TR & N7z BEAF PR BE SR O RBERD % 7 —
5 % WD 7RI A BRI L 7o BRBERYEIE AR B4
B8 F A =% 0 ZHOTEHTE, RFEN TIEX3

Download service for the GTSJ member of ID , via 216.73.216.23, 2025/08/05.



Vol.45 No.3 2017.5

150kWikEiE A B R~ 708 —E > OEERERT 181

WRTIRBERI R MR Z, 01CBT % 6 KDL HEKX (f,
(0)) TEMLZ, 22T, K3IImLBRBERRIZ
EEWﬁﬁwmﬂhﬂLf@btléé;ka,$7n
METIZA AR ZH VWA Z L2 EZE LT, EEOhE
%, EEE SIS CTIRBERN R A LSe35 X 9 kR
DOEEEBELCTwb, &k, 70 AR CTIIRBER)
HOFHD EL TWhH 0, EELEHW8E 0K
RLEOREDIT,

D explT,,, 1 /300)

cmb,in

1.75
A

cmb,in

P

0 — cmb,in (12)

ny = 1,(0) 13)

Calculation model of combustion efficiency

o
(o2}
I

o
IS
|

Combustion efficiency [-]

o
N
I

6 8 10 12
8x 107 []

o
o
N
~ 4

Fig. 3 Calculation model of combustion efficiency

4.4 ¥BERI—-ECOHEETIL
Z—EYORMAEET VD MERY L FBELETIVE Hv

oo PERY—EHNWHATY—E Y HAODLZ Y ¥

WE—Z2HWTRWWTRIND,

W, = 77TG/ (ho,r.in - ho,T,am) (14)

FER Y — € ORE IR T L H IS, B
»H (}h‘i 5% Hikljjﬂ—‘ 7 max (S)L:, J%J?E L }E?ﬁﬁg k O)J:l:
~ c}: za) }bﬁﬁﬂzﬁﬁﬁ 7] ratio 8 %%“’j’ f%j—o

N = MaxTraito (15)

4.5 BEBTBBOSTEETIL

PREBERE A OO IRE IS A BmERIC L > Ty -
VM U HER A A LB L CRIRS N, FAERK
WEROWERE 7 e IO TRUOD L H 12K EN D, F
7o, IMERNEI, BaSMdRoftiE, WOIEMET B A
DRERREDOREZZ T EEZONLD, Fh

SOBBELTETIENILET L, LLL, ZZTiE,

TR [ OV O R EH St 7S, g Il FU s 3
ETHIELTE) LRELLBEMZETVE W, O

F 0, RONTITRT &9 ITELFHREER) = % IR & @ #g Il
ERORTETHS RAEETVE L WEMRICH
LCid, BRBERDE L MBkIC, 7o MR R T HEA
b Tnb7z0, FENORERFEL HW5E 05
WRLMAETVICE BEHHEMRE L OEDITI,

Z'mb,m = rcc in 771(( ( T out - Tre(',in) (16>

=T 1)
_ Yemb,in rec,in __
Tee =7 g s~ 17

4.6 BEBRUOHMZEBROGEET IV
O — & 30K WislE, FEOEIE & fliszHik o e L
TUTORWTEHEI N,

W,

loss

=W,

loss ¢

+VV/OS‘S T +W +W

loss,r loss, jb

+W,

loss ,th

18

REOMIAIL, BEEMKEOBEEYCEM L 2. iszE%k
7 B IR L A RO B Lz, 2 F D,
Uy —FIVEZEIICE L TiEa— 7 O RO 4 R’
THEPL 72,

lovv b T f})ﬂ( ) (19>

—J, AFAMMZHEELIAT A MKET B2
B, RRIEMEBEOADOHEBTIEERE RV, 7o M
REROFEPTLE, EHE Nz gL TR ) 25100kW BL
LD HFTIREET300 ~ 400ND A5 A bAMEH L TW 59
400ND A 5 A FAMEH T 2D R 5 2 Ml iE %k
Vx —FIVEIZIE ORGSR o TW DY, REHE
TuZ 5 ATIEAT A POEFII T Tnawnizy,
7 A MZIRROFIIHEETH 255, S5 CHK9) D Hil
SHELOMFHE R BEIC, AT A MlSZiEEL Vv —
FOVEZRIE & FRRIC MR EURAE & e L9 TR S
5T % —FVENZHEEDIIMBICHRE L. ZOIREIL
REIZHWRETH L2, ¥—Y Uil HEhatgsh,
e O BRI RS & 1 B R IE— M/ S Wl
BBz, EERRICKE REETG ARV L,
4.7 WACRUHATOEIEETIL

WACK O'HAT T DWW O A FEFH IRk 5%
S DWFRZETHW SN TV B EFEFEE T VWL [0
bor#EA L7, T2 TRZOFEMORBIZEET 528,
W O EZAL & SR EZELIEAR), c)TE I NS,

DTd _ Q - mdﬂevL

Dt m,C, 0
DT, -0

< 21
Dt m,,C, 2

WACOYEIEMBEA D FIR L, ADFBCTHERL
ENBOIHIZEMERBENICB W TH BREHE % Eit
T 5, —7, HATICE LTI, HF ke i & 7k 2
MRS REE SN B HE IS B W CARRH 2 EET
%o KIMEFHEIZ L > TRAIREOKT L AR RO
U LD, BEEOLY ¥ LVE—DHET, IKTFL
2GR & IV DA%, KO E S - 285%80
BAMZ B UEEND Do IKIFEET RO LRSS AL
DLy I NVE—IZRRID X H12% 5,

H..,=Gh +G(x+x vhut) +N, [(md mde\)h +my, vL] 22

recin

Download service for the GTSJ member of ID , via 216.73.216.23, 2025/08/05.



182 150kWkEIE R ZRABA~ 1708 —E > DO EEM

BEAHR 2 —E ¥R

5. RAMERVEREDL S DREERESE

7u MR T, ZFTOMERHN, AR L
¥ =¥ Y MAODENFMZ T T 5, JEHMIREZE R
Bl M1IORLEY =Y U R EOFEHRE EFRICHRE L
R 7 b (RRET) NO7 4 VY EE,HIRE
L7zo F7z, MRENER, HBEBKREIIZNRZENT A6
it OREEHETE-2441), Kiiait (¥ —= Y AFD-M)
W&o TRH L 720 EARILOIIRERm L 087 —
A—% (BEMWTI1600) (2 X % 5HAME %2 FEEBHERIE TR
L7zfEe L7z BERRFIIHBERGL D & BERA
T — & OWHKRE LA» SHEH L2 ERELNOH
H:ll L f: L14)O

JEAEARE )1, EMERRE AL OARE D S5 e X -
THEIM L7, y—Y BNy — Y IHAODE
TEORHIMED SHEB L, & — Y v, Efi
P22 S B\ RRHR & & IR K= 2 R 723w T
%

WC = Gwa,c (C[y.c4ozat7}),c,oz1l - Cp,c,inT;],an ) <23>
Wr = Gg,T (Cp,rimToirijn - Cp,T,r)u/TF)ATA,UUZ) <24>
6. StEZH

PRI EZ AN T — 713, B, BREHEORSE
ofRFFHBEL - OBEBE—X Y VNEOHET ¥
&, u—F R, R, W KT R A o s i )
T—= I BB b, K420 —F Blimf s BRERED
ANT—¥% %, 5 ICHHBEKRDOBAGT — % 2R T o AN
F—=%1E, 7u MERERT— 5 & XK LT
BRI L TAT L7z, BREEEORBRT — 7 138/h
LB RT A, BRI D 56008  TO M & Kk <
EEMEPL L 72 Al & RER T — 7 DR AT R K T4.3%
THDD, TORERVZEBIZBWTIE 2 ~3%RI
INE 5T 5, PREMER X EHE$40,000rpm £ Tld7 8 A
Ty b XA OBELHE O A THEE L VIR TR
HELTWw< o 40000rpm T KL ) X2 b BREL % BE
LT, MEEEEHMT 5L & ICHKBRIOMMELTS
B, FBREOMIRIE, BEREEH Y0 FHE S, v
DEKREEFIZT 57O T EMZIBIROMEL BN S T
TIEFIHRAREL D LD L, 20k, HEkE
E T o720 G, FHEMROBGEEICH W27 0 P
BRix, ~fA27u0¥%—¥Y Y CHATZEi3 50O TDOR
BCdh o772, MRS X %28 MBSO 28 7%
BALDBHE U/ GETO VAT A2 EZEICHEHTES X9
29 57280, Bl mnice et et mimi X h 2%
FUF7250490rpmi ¥ 2 720 FEBRICIE, WACK UTHAT
FEHEOERT, 32008 %88 % 12 7 £ % B I12500rpm FF
T49,990rpmiZ L 7=,

EEKROMRIX, FDICWACHRIEE % HIEMIZ 2
PIERL T, ZOBRWACOEREZEICEY), WACH K

FEhi iz, HATORMEZE % HABEMIC3MERBL, F0
BHATO#AETS 2175 720

7'a b O KA S HUE5000rpmTH S A5, Z O
HEERCCIEMERR O E MK <, JEMEE R LT
DOFNABEMN T Th Wiz, FHE oG %
10,000rpm & L 720 A7 & L CT10,000rpm @ [ iz £ & 3
WBREHE R E 52, ¥ —¥ Y AT L08R 2 i
T 5, TOH%, WHORE L ITHEE & BEHT R,
B4R TR RSS2 5 2 5HR 2 M T 5. 2 HICK5
WORT YA 3 v 7 THEBKEMET 5, AR REIZE
BERRED 2% RETH D, LBFHEIHW KRS
1%, &Im30C, MXHEREET0%, SUHE100kPaTd 5.

60000 20
Calculation condition of rotational speed 18
50000

16
= )
£ 40000 “s
= 2@
= m
@ 30000 1105
& 3
2 8 «
£ 20000 6 3
% Experimental condition of fuel flow rate s

S 10000 1

Calculation condition of fuel flow rate B

0 F S S ARG WY S S S SO WA S N S S W SO S G S O S S S S S PR 0

0 1000 2000 3000 4000 5000 6000

Time [s]
Fig. 4 Calculation conditions

25 1 35
& HAT operation condition 1 w
320 [ 1302
= [ (@]
<5 b 255
G b ks
© 10| 20 o
o [ ©
E 5 b 15 E
& 0F 1105
g [ ] 2
[ —
2 [ ] ko]
8-10 £ : L 103
£ f WAC operation condition =

-15 O v v ey ] -5

0 1000 2000 3000 4000 5000 6000

Time [s]

Fig. 5 Calculation conditions of WAC and HAT

7. EHE#ER

7.1 EREESEHEOLE

6 (B IEIE & TR S N JEMEEE~ v 7
Fiz7ay b LzREHRO A RS, ERARHER
BT, HEDPEBHBETH L. RBNIRLZEIIE, E
M ISR EOA £ CUd, BT RIERE O A AKAF 5 &
R L CEBRMEICEDERAZ®, QR 22—
Yo SMOFHETIE, 49990 rpm & 50490 rpm®[al
BHE BudD s — X YA EE LTRB)EET L
bL7ze L2 L, EBRTIE, M§£$49,990 ~ 50,490 rpm
THBIEREA1.06 ~ 1.20 kg/sT TEILT 5 DIZH L T,

Download service for the GTSJ member of ID , via 216.73.216.23, 2025/08/05.



Vol.45 No.3 2017.5

150kWikEiE A B SF A Y102 —E > DE R

183

A RO EEBII . B0 ¥ — € v AR
DEF MR THENZ LB ENTH A, KEEE
TNOE, HBOK9ITRT & IFEEEM 125 ]
RIS EE RIS, EBRMEICHNTRIEZ (L2 RS %
WZEBERE LTHEIT SN, SRS O #
BEEB) I, BN CEERE L KT E R E T
NVOEBEESZ T DI ENGD b

7.2 EHRVCEREDHE

B4 7 (AR R O B R & FEBRAS RO R 2R
Fo ARMICEHR R ERA R IR WE 2R L TH
D, KR THWEHEEHEET VIR YL F R %,
—75, #1000 ~ 32008 TERMAAE RAERBR R L D b
WENERLTWS, REFHEETNVTIE, ZOHBTEH
B DV EBMICIERTREWD, B0 5B
OB E L 2 D ET AT 2720 TH 5,

3200F0 I ST C RS % TV F, 9340085 LIRRIC HIFE YIS
WACOREFZE#IToTVBD, TOWBEDIA I VT
THENEAPREALTBY, EJ) EAEE HICEHE R
TR & BIFIC—B L TWwb, WACEMIZ X A21B1E
[l OB CrEB M AT E MR B$ 5 2 L ASEHE T
LIRZOSNTVWBIEEZRTHDTH 5,

B 8 IZIRBEERAIIB L U7 — €V ALDO T AR
ARG & ERAE RO Z R 10008 LLRE3000F5 1
T CORBGER T — ¥ OZE) & GRS R OSB3 L
WA, I 6 LU 7 OFERTLELE LX) 12,
C DFIBOIRBER AR & B DI ER) R OFHEE
FVDEBZIBLDT, TOHICELTIITATHER
T 5o X 8 ITIZ A B ER AT TORKIRE DRI
RHRL72A, HATOFERGIC X 0 22500 o W 7 K
TAMRTE %,

7.3 Em#EEH, 2—ECHARVUREREHOESE

M9y —¥ i)y, JEHMEAREN K OSSR ) o
RRER L EBR RO EZ RT . INE TOMIL
2, F—Y UL EERBITIE, EBRERICAON
% #1000 ~ 30008 F TORER A R ZALHEHHEE R TIE
HhTwhv, LAL, WACKUHATE R IZHENS
FERIL O SR MAFH R R IIBV T R I ON
TWABZENGD 5,

7.4 BEMELRFDEOHEETINOHZE

B0 PR B 2 DT E RN & L CTIKI217R 3 S8R
iz L L 72565 O RS R 2 TR TR T, BRI 9
OFEHRLF UMETH 5o HI21RT & 9 ICIRERNHR
DEHEET VI, ERBEEEICHET 213008 ThkE
TERNHICEET 2 A%, FEERETIEREHMEICEET 20
1X3600F) LARE & JE VIR CTH 5o TERNFIC FEER it %
W5 Z LT, ERNEEEEERrOD Y- L
FEEAB I OMMIMEZ SN TWB, LarL, T0%4t
OBIMIT TR & —5 LT, WHZLomEmidmsk
BN O EEZ B ZIT T b,

T IR DO RRBER 3 % 5 2 72356 O FHRARS R &

Download service for the GTSJ member of ID , via 216.73.216.23, 2025/08/05.

5
51,000 pm Experimental resuits
" 50,000 rpm ~
Simulation results
;' 45,000 pm "ur, <
w3 [ <
i 40,000 rpm 2
g
2 ) 35,000 rm,
@ 30,000 pm .~
& 20,000 rprr’l,—"
1 95,000 rpm
0 0.5 1 1.5
Corrected mass flow rate [kg/s]
Fig. 6 Running curve
400
Simulation results of compressor outlet pressure
250 A ‘
I
300 Experimental results |
= 250 |
g |
=~ 200 1
g
§ 150
@ Simulation results of compressorinlet pressure \
a 100 L
50
O 1 I 1 i
0 1000 2000 3000 4000 5000 6000
Time [s]
Fig. 7 Pressure histories of compressor
1200
1000 | Turbine inlet temperature pa|cu[ah'on result
) _
— 800 - ~— Experimental result
)]
S Combustor inlet temperature 1
=
© 600 "
2 Calculation result
£ 400
2 Experimental result
200 i —I'I'l
Calculation result of
0 recuperator inlet temperature .
0 1000 2000 3000 4000 5000 6000
Time [s]
Fig. 8 Temperature histories
400
350 [ Turbine output  Calculationresult
300
*~ Experimental result
—250 7
X.200 v “‘“i:h -
5 Compressor power ™
Z 150 at wout Calculation result
2 400 enerator outpu
50 " Calculation result
Experimental result
0 Loss 5
-50 " L i el " L i i " L i i
0 1000 2000 3000 4000 5000 6000
Time [s]

Fig. 9 Power histories



184 150kWHkmiE R ZRMA Y17 A2 —E 2 DB ERE BEAHR 2 —E ¥R

TRT o FAEBSHIRORERFEZ MEEILF TS 2 %
FHEETVERHCTS, BRERRICEREZHVSZ L
T, ¥ ML REEEL S EREISED RIS
#71000 ~ 30008 F TOH: 2 1B L T < IRAEAS
WZOENTVWBZEDGNb, AL 7y —Y T A
T AT, HBASKREORBERIZL ) BZBRORRD
KK 233, SHUSREMRICEEEEL, -
AR EOBHG IS D ET 5720, #RMITIEIRSE
BEICOEE LT T IRERER L ORBERE OFHEE
TWIZIE, Gk, FAEBSSRIGORIRORHEN % Z &
LT BEXRH L EEbNL, B, WENED BRI
BE D LML RIS 2 I E D20, HI0ORY
H1LZBWT, ThEOFHREETIVIE, JEMEEE) ) O
RICIFIFEAEREL RIZTL TR,

7.5 EREAOABROPE

4.4 2Tl L HITARFETIZ Y — & D 5 )L
BHl~oBBE +EZE L T\n5, BBHEoRHIE, 2
DFEBGT OREIEDBE %% 72 O B N R AREVE 7V AR
HIZENREER2D, TR Y Y AOT A L EHE
B O 2R OMmEAICHF L -2 AR 5 &
R L7z BMiaBBE T Ve iz, B9~ 111K
L7zEt5k R Cld, ZolpIEZ004% L CTEHE L 72H
RThHb, KIBIZ LAloBBH % %H & LR L BT
R KISOEBITKINR LAER & H URHERR T
5o EAEPEBENEBEZ,S, EMBEIINCKE 2%
BPHL B, ZOEIFEERL T OB PN IR
bo EATEBFEBEZICB VTS ABOE K TIERE
WINCRIBOkW O B EN L, ¥4 7u ¥ - DX
) R/NRL Y — ¥ Y TIRIEMENOBBEIT Y - v R
TAOMWREICK & R x RITT I L0005,

7.6 WACRUHATHHADICRIF IS
M14DFEHE, KSR L EMBE~DO AZE ERE L
A LR UEEMRETH 5. MAOWRIIEFZEKREZ
FL L2 EORARETDH 5o WACKE I FRE O i b
VA ZE S E DR T BAFEH R TR 4 C EEE 0K
3CEMETH o720 WACIZ X 2 FHBIEE) S T
M~OBENZL Y & -V BIIDHEMT %5, T/, fHEh
TH D HBEMBEB I DWAT 5o MRS ORI ZE
FEEHHEAC X B MR E) ) O R I1ZR34kWTH D, &
DORENRERTVELDEEZOND, FEBEH IO
WACHI D ZAL D SWACORI & L THI65kWD Hi
BMAHERTE 5, T2, HATERTH ¥ —E Ul
OB & EMEREEY ) O SN D, EHGEN ) 0K
TRATIRBEIRE DT IC & 2 ABRIEKROEENEZ S
N5, HATICX D BERB IS IKWHEML, WAC
BHIATE AT 20 & ik L CHATERiH IS B W TRIISkW O H
N¥MERT, ThHOWIIm=EE 7 bEFENHEY
DOWACIZ X 2 M 6 kW, HATIZ X 5 HJi38in
11kW, WACBAERTA S O hnE17kW & 12X %0
fEZRLTW5b,

Download service for the GTSJ member of ID , via 216.73.216.23, 2025/08/05.

Turbine output Expenrpenlal result
- Calculation result using two models O T

- /
L, T g

" .\Célculalion result using
experimental thermal ratio

g IR

Ompressor power _— Experimental result

¥ "

Calcul‘aliun result using two models

Calculation result using experimental thermal ratio

ST ey

- Calculation result

~  using two models
Calculation result using

L]
MV Experimental result

experimental thermal ratio
0 1000 2000 3000 4000 5000
Time [s]

Fig. 10 Effect of calculation model of thermal ratio

6000

F Turbine output
L]

s ion result using experi
combustion efficiency

OMPressor power — Experimental result

Calculation result using two models

ion result using expen
Generator output
.

s
™ Experimental result

Calculation result using two modals

Calculation result using two models  Experimental result

Calculation result of using experimental combustion efficiency
0 1000 2000 3000 4000 5000
Time [s]

6000

Fig. 11 Effect of calculation model of combustion efficiency

1.2 1.8
Combustion efficiency
- 1 e Yok 4 1.6
a 08 |y y Calculation model 14 _
E 0.6 N " Experimental result 12 =
c Input data for use of ) A g
=" experimental result Thermal ratio 1 ®
(1} SR e By =
- —
§ 02 08 2
= Calculation model E
0 - 06 &
=2 . =
o “ Experimental result =
g -0.2 e 04
f i | I
O o4 Input data for use of experimental result 102
-06 . : 0
0 1000 2000 3000 4000 5000 6000
Time [s]
Fig. 12 Combustion efficiency and thermal ratio histories
400
Experimental result of turbine output
350 ‘Experimental result of compressor
300 i
2 urbine power with heat penetration,
E 250 - Compressor power with heat penetration
2200 | -
— Compres&or power Without heat penetration
Q150 == P VL
o _==="*"Generator power without heat panetratio
o 100 | )
0 | sea
ok , _
Generator power with heat penetration
-50 i : Rl ; i jg 4
0 1000 2000 3000 4000 5000 6000
Time [s]

Fig. 13 Effect of heat penetration into compressor



Vol.45 No.3 2017.5 150kWikEiE A B SF A Y102 —E > DE R 185

350

[Turbine power with WAC & HAT
300 F Turbine output =

250 |
=200 -
E ’l Compressor power
—'150 Compressor power with WAC & HAT
@
g Generator power with WAC & HAT
a 100 - T o I

50

Power L

0 1000 2000 3000 4000 5000 6000
Time [s]

-50

Fig. 14 Effects of WAC and HAT

WACK O'HAT O FE i THEAMAEEN 18 5 kWi &
¥ — ¥ MIRISkWORIMAS R 6, FEEH T
4kWO M%7~ LT 5, WACK UHATIZ X 2 %%
BRI IR O 1/ 3D NEAHEE I DOWAH» 5, F722/3
Ry —E MBI E>sTh 208N TWS, 4B,
AREHEICBWTWACK UHAT & b L 22 Z ko4
BABIRON o720, 7o MERBRTIIWACK
UHATE b FL VGBS N h o 729D T, KREHET
1, WHEAKOERIL, ZFNENERE R & A
BOSIARRCHAIET 5 LAE LT, 22K IS A 72,

8. &8

WACK UHATZ @M L - @i as 2K~ 4 2 o
F—CrVENRELLETAFIvIVIaL—FEHE
L, mBo2siH~A 70y —roRBuEiETog

ERi B b HI L CUL T O & 15720

(DA% A H R EL B o % Il B N OSSR o B
Be LCREEIBIZEDbEALEMBIRE T VICX
D, SEEINER ERR SRR BT A Y- VYA
FLADBEERZ DT ENTE

QPFEFA 7NV F —E U Y AT ATIE, PREERDR I OH
ABSHRAR OTERNROF R ET VI Y A T ABEIC
MEERTL, FROEBROBIEICIIRENEO L 2
FRRELEELERITT,

BEMBENDF —E VDL OBBE 2 EETHZ LT
JEi BB O ZF s 3 Bl & B — 5 R R L
%A 7 uy =¥ IIB B EMENOBB B DT TERK
VAN AE eI VN S-S (W

WKBHREOMBRIHETNVEZEAT L LT, WAC
EOHATOMPEZHHTE, FEEE L FS0RER
W ORIME 372, BiRGZZEAMH 5 — ¥ v OBER
HCBT ARG E T 075 LA DRLYEDIRE 120

e

AZEORE 71 7 T AEIE, FALERAEHE L
WAL K DL FIWFFEERM T dh % )T 4 b F — Rk Peafr it
FIFFEERM CHEfE S iz b T, WILEIIHA S0 5

IBFZEEATION LTS OFREZTHE £ L7z, I3RS
LIRS EHOBEEZ R LT T,

s E X

(1) /RARHTEL nakEHE, LREES, WL, SOFC:
GTONA TV Yy FEM) TNV, Y FY AT A
IZDWT, HEAFT R —¥ r¥#4a5E 403 (2012), pp.
89-93.

(2) Parente J., Traverso A. Massardo A. F., Micro humid
air cycle, Part A: Thermodynamic and technical aspect,
ASME paper GT-2003-38326, 2003.

(3) Williamson T., Luker M., Hack R. L., Microturbine
performance improvement through the implementation
of inlet air cooling, ASME paper GT2005-68377, 2005.

(4) Nakano S., Kishibe T., Araki H. Yagi M., Tsubouchi
K., Ichinose M., Hayasaka Y., Sasaki M., Inoue T.,
Yamaguchi K., Shiraiwa H., Development of a 150
kW microturbine system which applies the humid air
turbine cycle, ASME paper GT2007-28192, 2007.

(5) Zhang S., Xiao Y., Steady-state off-design
thermodynamic performance analysis of a humid
air turbine based on a micro turbine, ASME paper
GT2006-90335, 2006.

(6) Nikpey H., Majoumerd M., Assadi M., Breuhaus P.,
Thermodynamic analysis of innovative micro gas
turbine cycle, ASME paper GT2014-26917, 2014.

(7) De Paepe W., Carrero M. M., Bram S., Contino F., T100
micro gas turbine converted to full humid air operation
- A thermodynamic performance analysis, ASME
paper GT2015-43267, 2015.

(8) BIE—, Wi, THE—, A Z7ubA5—¥0F)
VESRNT, HAFT R & —¥ Y3458 Vol 43 No. 3 2015,
pp. 68-74.

(9) Nakano S., Kishibe T., Inoue T., Shiraiwa H., An
advanced microturbine system with water-lubricated
bearing, Int. J. Rotating Machinery, 2009, p.718107.

10 EE#E TR —¥ URkEr, RN, (1965).

11 BRERF: NI & AR, ERE, (1982).

120 Lefebvre A. H., Gas Turbine Combustion, Taylor &
Francis, (1983).

13) BT, AR, ARRETER, JIAHEOR, SemEE
JEIR N, B RBRAEATA Y - Y AT ARAER
BRER A %\ 7 WS 75 1 R 00 Bl T A B P RE AR,
HAN A Y —¥ 424558, 431 (2015), pp. 64-65.

4 fh xR, BIHE, —#HE G40, HEE UK
2, RREVREE, PENIRE, WIORIsE, A, RS
B, XA 70—t rRBERONTMb Ay —Er
8 A Ak, 33 (2005), pp. 143-146.

(15 Dodo, S. Nakano, S., Inoue, T. Ichinose, M., Yagi, M.,
Tsubouchi, K., Yamaguchi, K., and Hayasaka, Y., 2004.
“Development of an advanced microturbine system
using humid air turbine cycle”. In ASME Conference
Proceedings, no. ASME paper GT2004-54337, pp. 167-
174.

Download service for the GTSJ member of ID , via 216.73.216.23, 2025/08/05.


http://www.tcpdf.org

