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Development of Performance Simulation Models for MGT
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ABSTRACT

All forecasts of a future energy demand anticipate an increase across the globe. With the increase of

energy demand, the emission of CO; is also likely to increase by at least the same amount because energy

supply will be based on fossil fuels, which is more apparent in a number of developing countries. In this

context, the Micro Gas Turbine (MGT) is being considered as a promising solution. In order to propose a

feasible concept of those technologies such as improving environmental effect and economics, we performed
a sensitivity study for a biomass fueled MGT using a simulation model. The study consists of 1) the
fundamental modeling using manufacturer’s technical specifications, 2) the correction with the experimental

data, and 3) the sensitivity study for system parameters. The simulation model was developed by
PEPSE-GT 72, commercial steam/gas turbine simulation toolbox.

1.M B o, Azl ddgoz ALEEy] 93 4nE
o] 3243 Hotd Aoz o257 fYFo|t.®? a4

A AARoZ oun 97t FH5 27k Aol Azl 719kt dyA] 89 Frke 71$Hse] 48
B oze we 2 e B3 4 4 uii? 25 29U CO:¢) MEFE SA =, ofd W #Z
A8 o= Hald ohdd BAEY T uRa e UUR AxelA Addm g 53, FF 92
g2 duxde 2 Findg o e gbg HEeIAE IS gERddasd B4geE ol
Aoz dAEtt? aebd A AQuAl nay BT AR MEFE gFHoR A5l 3
E 242 ngage o, dosw Aug 7z o & /1FAsEGY Bart dgsn Yot sl
AHdge oExwst me =9 dow Azgmdg 3 = JHH, & A e SAEsAdde @714
NAR FolA Frtee] zvd] 58 Fert Qe SHEHRT B AUASE volestae 24w
st 238& wFu Ju vlo]ortaF HEd ot

setanc 21wy o ZAEe 247MA ZEEn

+ SRR AL AEAFE (AR AF2ds oE&2F Iy 59 FAHEAE Fdsin
BK21 Mechatronics Group, At} &7 o)g} 7o 71&d, BA4X AN QAL F
w Fedista 71 ARAT A ZNZ £ e §4 T EA, mlejaR siaH

E—mall . kbhur5798@hanmail.net

52

SHUINAME: IS, M45, pp. 52~62, 2008(=

282X 2008.3.31, AA2FZ 2 2008.7.18)



alo|2& JtAEHIMGT) ds AlEsold 23 s

H(Micro Gas Turbine; MGT) Al2¥& & 4 ik
MGTE o3t oo vluz folalA X2

glom ™ @ Wy 98 A tAHe = Fiidt
v B ddozA fesivta delA v o9t
A 248 EAA g Jle R wE FAA
g1, AgioAge] wAgs 2 #AEA FoE
MGTY HAEAA z19]o] wold 740_5__ oq]z\lg\:]. Al
Aoz MGTl dist A7 7
o= P vk MGTE Xﬂl}o = EHEZ#?J 7]%1
o2& v=h9] Capstoned 39 Turbec° & ? A
2“{ 7oA AakE MGTE o] &3] B3
o2 A& /M3 MGT $348& Ailshs _’tﬁ‘_‘i 4
Aol %ol AUtk MGTol it 7H%.Z*?_ A

2 Pilavachi®] A7 4d#HoA &<l A
U?LH‘)ﬂ A= Xd@l, t23A B ATt ARE ‘6‘}1‘:]:2—

41 !
r°" "
i

P P I N P
A Zpzeuel dg sy /1% ol s
Aedn Ak 53 SAA AT slolaz vt
zEle] B 424Y dolHg woi Ngol
€ olasiol R ol
bz

ol
i
of\

>

F
l"J

o
0 ;uf‘_u‘

% o
ox -
oX
no
[ e
9,

ok
tlo
o
N
und
)
1
é
N
A
%
n
)
£

=
tlo
ol

¢

o

R
i&
%

LN AR A
B gy
ol

=

-
QQ ¥
Lot~

Bt
2

=2
R

AFE MGTE o83 S84~
el JdA #’%6‘}04 875 7 Ane] A4
w™o] Tk MGTel dig 7]—1%*—1?1 e Age A
Z‘JMMI )5 ‘Q—‘T‘— %7H%l ojA|vk, A 2paell A Al
T A AsEe A ol g% ¥ Aok
0]% . EF FF MGTE ©f
fside MGT 46
W sepste Ay
} ek A4 MGT A
LR =1l 11]71- £
lgaﬂow g AT YT A~
B oAAdy 28Hog AlEdolAd T
GTol A Aol w92 B
EHYl WE&E54 Algdojd L7l PEPSE-GT 72
2 ALSSHATEY ALY sk ThaENY A RE
olgste] ou mYYS FAstdom, WFAPH

“

mlm =]

r
O
=

rSlz

¢

N '—3 o
L m\m o

o °->r3

[

HU

o
-
Ol'

% b
i
)
o
>
o
tlo

)
r2 o2 o
N mio
=
oo o
222
.Jﬂ 4
mn
39,

nrln 2
i)

o
T,
of
)
Lo
2
"-{E
>
%
iin)
‘-
H

oot
ml r
o
=
lI

o X -y nR e ooff X 2 o oo
‘*;9

b1

Juop

Aol AAE o] &t AlBY ol Ko A A~
23 B fAEE S A A4S FdsAn vhA
Boz Fo WFd gigh NzE Mg Fgstn 4

s g,

FHIOAME M11A, W4z, 2008

2. AlEgo|d ZE JHg

2.1, L=

Hl
=
2
>

I
=
x o
l-o
B
i
re
i
ku
>
do
o
rir
5
—

Zi Xﬂ &3 g9 B8-S efste] A2 de W3
g #Ed EAME AES B Aol Fadt uet
A2 EE °1H 7H‘?=}51’{— AEGold Ede oh&3

60 kWE =<9 ceof— tHME o}aiv} 0 A g el
A 5o Wejsh A dxbe ohgt Bk

2.2.1 CHAF 3 92|

B =5 R MGT A2 AlEdolAd 1§
A= Fig 17 2ok Aade PR 22 sl
wlol vl A AX ], 7kA AA7], EFHelE, 4F

7), 7b=EEL Bolth CB) 2R TuolAE B A
T 49 AH, F2 $RYTEY U HelHst v

R - L

Recuperator Pre-
6 p treatment
- Biomass
Supply
2
Combustor
Generator 4
@] T
/
1 Compressor  Turbine
Air Intake

Fig. 1 Biomass fueled cogeneration MGT system

53



2

ol
oK

o

2.2.2 E7 3 ¥ Hi}

7h=EY AlAEE AlEdolA §7] 3 =FEA
WEH AoRE Kurzked GasTurboH® Thermoflow
0]\:]_ /\]—%‘g—oi ,lij_

=0 = A

9] GT-MASTER(7) 5& & &

Hstg oy ZkaeHle] Bfde AlgHA =7
A BRI dFH T2 dEA] deAEEe T
st &

A AB] Azl ABA7} %A 2
oI5 o] r
W e S4o] Bobd °l 49 AdE 3
Atk webd B Q7oA QEss MGT wdol
AEAOIR EF7 AZSHE 717 FIH MGTel 2
4 ﬁ*ﬂ-%ﬂ@-ﬁ%'ﬁ%dd 5 g

AR ABE A2 AAAn, 49 Hele, 2]
o §3te] TANY BHES
MGT A9 ohd &
£ e P 2R Asgn

z
2,
2

AAse s s, BEEHY Fv] 2 s
B8l A|Edo]d =79 Scientech?] PEPSE GT ¥ A
722 ARt PEPSE-GTE 2 @iz 4
A A AR T AL X‘EMMX] A=
Folt}, ZEw®et ofye} stAHY Al”“ -
3 gEutd Ao AERAE AL A A
o] = &4e] 7153k PEPSE-GT %— }%ﬁ}
of By ALY UPE BN £33 =ELS o

Fig. 2= Fig. 19 MGTE A&
A" PEPSE-GT 534S HoFx
Fig. 2] AAl€ 7]171&¢] 22
T 35S 29T gt} Algdeld 2d

T Fig. 35} 2tk

5,
@aeaamymaulauwzwnmm Lax
) F & NST X CE BWIY e,
CHP Input Recuperator Fuel Biomass
Compressor Fuel
' €k fak
“ ‘ Combustor B -
;: Compressor | Turbine
: = fp— &
Air Intake
[ =l il
e enmn

Fig. 2 MGT simulation model using PEPSE-GT

54

|-I:I£4 . I:IUH% .

QAT - 2K

Hob

Table 1 Input parameters for an MGT model using PEPSE-GT

Compeonent Input Parameters Availability
o Shaft mechanical efficiency Unknown
Compressor .
> Stage pressure ratio Known
. o Stage turbine efficiency Unknown
Turbine .
o Qutlet pressure (or pressure ratio) Unknown
o Duct burner pressure drop Unknown
Combustor | = Fractional heat losses to the Unknown
environment
° Alr inlet reference temperature Known
o Air outlet reference temperature Known
Recuperator o Gas inlet reference temperature Known
P o Gas outlet reference temperature Known
o Air outlet reference flowrate Unknown
o Gas inlet reference flowrate Known
o Exiting fluid temperature Known
. o Exiting fluid pressure Kn
Air Intake xaing u-d press own
o Exiting fluid mass flowrate Unknown
o Air relative humidity Known
= Exiting fuel temperature Unknown
o Exiting fuel pressure Unknown
Fuel Intake | = Exiting fuel mass flowrate Unknown
o Fuel heating value Known
e Fuel composition Unknown
o Compressor discharge pressure Unknown
Fuel o Driving motor electrical efficiency | Unknown
o Motor to compressor shaft Unknown
Compressor . .
mechanical efficiency
e Compressor efficiency Unknown
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Table 2 Technical specifications for C60 model
Parameters Values
Ambient* () 15.0
Compressor exit* (C) 204.4
Temper- .
ature |Combustor inlet* (C) 510.0
Distribt | ryrpine inlet* (C) 954.4
-tion
Turbine exit* (C) 635.0
Recuperator exit* (C) 343.4

Rated output 60.0 (+0/-2) kW

Thermal efficiency

(LHV based) 280 (+-2)%

System |Fuel type* Natural Gas
Perform

-ance

Fuel flow (LHV based)* | 771,000 kJ/hr

Heat rate (LHV based) 12,900 kJ/kWh

Exhaust heat energy 571,000 kJ/hr

Exhaust mass flow*
% Model Inputs

1728 kg/hr
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Table 3 Preliminary simulation results

Parameters C60 |PEPSE-GT |Error*(%)
Ambient** (C) 15.0 15 -
Compressor Exit** (C) |204.4 204 0.20
Combustor Inlet* (C) | 510.0 507 0.59
Turbine Inlet** (C) 954.4 954 0.04
Turbine Exit** (C) 635.0 637 0.31
Recuperator Exit*™ (C) |343.4 345 0.46
Rated Output (kW) 60.0 60.0 -
Thermal Efficiency (%) | 28.0 28.2 0.70
gfeleégsfaarfgsrs(/) - 935 -
gfc;gipélr‘lecs;& | Isentropic _ 85.5 _
Gas Turbine Isentropic } 90.2 }

Efficiency(%)

* Error = (C609] g-PEPSE-GT9] #1)/C602] 3k x 100

** Model Inputs
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Table 4 Corrected results for ambient temperature

winter- | winter- | summer- { summer-

Date
Ambient
Temperat 2.8 -2.5 25 30.0
ure (C)
Experiment Ambient
p Pressure 996 990  1013| 1013

(kPa)

Output
(k‘k}) 6050 60.13 54.50 52.90

Simulation

(Before O(ﬁ 3 608 607 570 565

Correction)

Simulation

(After 0(‘135‘)“ 60.4| 598 550/ 530
Correction)
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electric output = flfuel flow, other parameters) (1)
fuel flow = glair flow, ambient temperature) (2)
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electric output = fturbine efficiency, compressor

efficiency, other parameters) (3)

turbine efficiency = gl(electric output) (4-1)

compresor efficiency = g2(electric output) (4-2)

Table 5914 Simulation(Before Correction)& %

Afale] 2g Mol ZHolw, Sirmilation(After Correction)
& A8 Fof FAijolrh

Table 5 Corrected results for partial loads

Load 100% 75% 50%
Ambient 27 | 35 | 332
Temperature{C) : - )
Experiment| Output (kW) 54.9 449 30.0
Heat Rate
1491546 | 16271.43 | 17829.99
(kj/kWh)
Simulation | Output (kW) 54.3 47.5 34.8
(Before Heat Rate
Correction) (KI/KWh) 15080 15381 15371
Simulation | Output (kW) 543 450 305
(After
Correction) }(_Sj ;5\?:; 15080 16235 17538
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Table 6 Heat rate of biomass fuel cases

Case Heat Rate (kJ/kWh)
Case 1: CH4 40%, CO2 2%, N2 58% 14106
Case 2: CH4 50%, CO2 2%, N2 48% 13656
Case 3: CH4 60%, CO2 2%, N2 38% 13206
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Table 7 Performance for ambient temperature and partial
loads

Temperature(C)
44 15.6 26.7 378
Load

Output(kW) 58.3 57.9 55.6 53.4

HR(Btu/kWh) 12233 12318 12827 13356

HR(KJ/kWh) 12898 | 12987 | 13524 | 14082
100% | TIT(K) 1217 | 1227 | 1217 | 1207
TET(K) 895 910 923 932
EGT(K) 600 618 639 645
Fuel(kg/s) 0.0040 | 0.0040 | 00042 | 0.0039
Output(kw) 461 | 458 | 440 | 422

HR(Btu/kWh}) 13170 13261 13809 14378

HR(KJ/kWh) 13886 | 13982 | 14560 | 15159
75% | TIT(K) 1230 | 1240 | 1230 | 1220
TET(K) 904 920 933 942
EGT(K) 577 595 615 620
Fuel(kg/s) 0.0032 | 00032 | 0.0033 | 0.0031
Output(kW) 312 | 310 | 298| 286
HR(Btu/kWh) | 14228 | 1432 | 14918 | 15532
HR(KJ/kWh) 15001 | 15105 | 15729 | 16376
50% | TIT(K) 1245 | 1255 | 1245 | 1235
TET(K) 622 632 641 647
EGT(K) 565 582 602 607
Fuel(kg/s) 00023 | 00023 | 0.0024 | 00023
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