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ABSTRACT

This paper examines the optimal operation strategy of a complex distributed generation (DG) network consisting of various
power sources. To predict reliable dynamic behaviors of various power sources and determine the optimal operation strategy
of a DG, accurate simulation models are necessary. However, in previous studies on the dynamic simulation of DGs, simple
models were used due to limitations in computing time. Those models, however, generally did not accurately reflect the physical
characteristics of the power sources. Herein, a novel modeling method for gas turbines is suggested. It predicts the dynamic
behaviors of gas turbines both quickly and accurately and can thus be effectively used to simulate an entire DG network. We
used gas turbines as our first modeling target because they are considered useful power sources due to their operational
flexibility and low emissions. First, a white-box model using physical modeling was developed. Then, a black-box model using
a feedforward neural network was constructed on the basis of the simulation results of the white-box model. Finally, a dynamic
simulation was performed using the black-box model. The computing speed of the black-box model was 50 times faster than

that of the white-box model, and its accuracy was relatively high.

1M B BAURE 7)80] FoF FEA WAl Holu} e 5
QAo AL PAakslo] AMgsts AL oujFich A A
71E2] AYolAe 2 YT WAL Soto] A8 4l Fof PAs= de EE5H] oUA AN mes =Y
S ARt iR SYHTA HAAEE e dED 4 vk EAPHE UGRE ZA] @7ER] ot St
WEE Asiol Ml 5O SHORYE Wel Holt 9 A8 4 9lom, 48 Aol e % F 48 54l wet
2ol AR ATE BARE ] whzd 2014 d0] A AAFe.  EAbEL] AT o HyS gEjeit), webs zh Babd
= of 8ao] Aol £ BPolH LAsglon], BEAA Ao wet Aue] AR 2 AE A £ Aol
oz R8-S Qo= $AEHE S0l Ao] Fasitt, it A7 Basih 53], FHTole T8 Bid 1w
TS S AR 4T AV wiEe] w2 A edst B4 v 22 AAeUAE Ao WHde s 2Este
= olsjol ERHel A2 W A Al o o] e AR Al AMolUAE Weladeo) fERoR WEdlY
ojtt, o|e} T2 Aol A A AAF R $H8HE 2 = AT o vk S 2t TEbA] ol=Rt Aol A
NI AT U BS REHOD AN 4 Qi B o BAHS nolele A7E AREn
(Distributed generation)?] H]-&2 =0l Qc} Sameti®} Haghighat?& AL Afo]9] ov#] @I 1

* sttt &td(Graduate School, Inha University)
#* ottt 7] A8} (Dept. of Mechanical Engineering, Inha University)
T WAIAA}L E-mail : kts@inha ac kr

The KSFM Journal of Fluid Machinery: Vol. 22, No. 2, April 2019, pp.14~21(Received 19 Dec. 2018; revised 19 Feb. 2019; accepted for publication 04 Mar. 2019)
14 SRSHDIHEE =2E: M22d, M2, pp.14~21, 2019(=28 £ LA} 2018.12.19, =24FUXE: 2019.02.19, A2} 2019.03.04)



TEE 7H‘?~£’5}9i‘3}.

ol " AT VoM AR ol ofste] WAYEH= EA)
£ T2 W& AREsto] sidskqint. ST viE g =
7] B2} vjgo] oy o fao] Hold WH77E
A Ao EN AAe s HSshE AYea0 H A

& 4= Sl A Fadel Holva AL &
3 B2 wiEste] EAbbd AEst 7))ol dlEAe
2 7}FAEHI(Gas turbine)©] Tt

7h~EHE Fig. 10 VERH vfe} 7o) §4%7](Compressor),
A4~7](Combustor), 18|13l E]¥I(Turbine) & o]5ojZ]
A7)17]10ld}, ZEAEHEIE HE o] An, 2 HAVAE AR
B ARgSto] viEE = gl o] A& o] itk B&o]
ZAERE WE AlEE 7)s A ZEal fAst Rek 2%
o] 7Fssi) ol9t 2 A OF Qlsto] TRAEHR AIRAY
oA o] TS Hekd 4= Q= 77| F shube F5aL
U}, whepA] EAREA AR oA AR Yol A x| 9F 7B

Ulstel el Ml 27} g

Brandoni £®& nlo]a g 7FAEHIS Z3eE ohokst |
A7|71 2 785 AP Ao Ao 1Hd 2 Q1 e
ARG 1S} 2= 9129 W rh Mehdi 592 nfo]a = 7}

= '/1\__ =1

2EY, AR, AR 123 uR AR =
AE BArEE O] 2558 oux] el Al2HS AQkekg)
Bracco 578 7FAEHIS ARgSle] F3t WS FEEhe
AP st 27] =2 vlE, &9 v]E, olikshgka

292 A3 §A7F ek oA
Sh k2B S Aol AR Gl Albo] AenE, we
0] Y AAto] TR A28} Aol
olth, shAIut ZhaEyle] SAAE Wsto] W2 A st

E
oo
ofs
e
2
it
N
=)

. Fuel
Air Exhaust gas 4
v L\ Combustor w
A

Compressor Rotation shaft Nozzle|| Rotor

L /| Turbine nozzle coolant “\+\
AP L g L

<WO-—-<

Fig. 1 Schmatic diagram of a 15MW class gas

s=RMIIHSE =28 227, M2E, 2019

= FH7E 5495 Lot o okt #abdd A
defE AT = Sl

& =wolAe =04 Y 7| 7RAE R sfAef At &
Eg w0 24 223} Aol 288 g HHeEs
AR, ot el el 7HAEHE S vlE] sj4ste] b
oJefHo] 2 (Database) & F+53tal, 2|8} IOl A= H|o]
ElH|o] A5 ARGSEe] il =8 ol WHolth o)A

43} Sgol A AR SRSl FIAE A5
 Welel A WA 9 Bl o Y
Fa3 He dolgdlol sz R Bash A4S e %

spapA AEERs Aol ol2kg H2sk] skl 71k
(Machine learning) 2] s}i}el o1-2A1 7" (Artificial neural
ERAEklEE 2 =wollA, &84 mdS o)
EdtA(White box) HHl= QlF4lAY mdle Eubs

(Black box) Hd= Aol

network)<

280 M= AHAssAS SIgt Sto|ExtA mdla) S
g mE 3 ol Weto] Ay B AgelAs 7t
Holnz, 23

2Ele] BAAT A B0 BARS 1
oi Ashs AN RS EAASHACE TF
Hoz AgEt ool Watel shelN o ApAEHA A
st} 3™o|A L Slo|EutA mulyl Eeula pmulS ALRa)
£ 7haE o] BAAFHA o] Bote] Astn, 4o
A B mEe Abgsle] AR AuE A5

olN

2. WHMSHA By
2.1 SIO|EHIA mEI

u

Fig. 20| sto|Exts melo] YAl HAE IHefs
A ERH I A AR )F57], 947] 23 HRle] A
A sl E ARESte] ZRAER A S-S SRt
A ghetlE o] digh A2 2.1 18004 siih. AA s
e A= o BEAsE Hd o, &4 4
717] BE2 Zpzkel ylor AAYs S HAste 2
dee 2% ?'{EP kA A s A 2 447171
of &A md= AdeHn, 24 471719 gdA e
2.1.270| A g3t}

it

Compressor Combustor Turbine
Design Design —» | Design — | Design
simulation simulation simulation
Off-design| —-results W results Oulput
Input | = = Pressure W7z P,
Doy > \ij > loss > L 17,
ity correction TET
N—m Comrﬁ;zssor model Turbine map | cpp

Fig. 2 Flow diagram of a gas turbine performance simulation

15



2.1.1 27 dsshA

2 1] A W BEND ol BEA
& Agsiol AR AERARE oMpIAR ZRE
7 sfetel EYEE Ageldch A5 BHU 5
U] F(Constant pressure specific heat, ¢,), AET
(Enthalpy, h) 12]al IEZ5](Entropy, s) A4t of)
9} 72 NASA®] tFal4 4] (Polynomial equation)®-& A}
8319 4 MFE @A RS oA deal
gas constant, 8,314 J/(K'mol)), 7= =5 ou|gtc} AF

el o R b7AE B8E0]) ule e ghe 2k
cp/R:al7?2-"-0«27“]-1—113-ﬁ-a,_lT-‘ra5TQ-Q-aﬁTz-ﬁ-a?T1 o)
h/RT=—a, T *+a,InT) T+a; +a,T)2 2

+a, T°/3+ag T* [A+a, T /5+b,/ T

s/R=—a, T */2—a, T '+alnT+a, T 3)
+a, T /2+a; T*/3+a, T /A+b,

2 AFolM s 15 MW T8 7IAE RS s oA

ﬂ_

Fo2 Austart. Fig 10 el 2t 2ol i }ﬁ

Ho| F8 Ao G5, Ad), el ek A
FheEulelis Thet Q5719 Ejulo] ALgEln, thi Qe
G319 EULe 242 et ko olfolet”, el

£ F715to] BHl Wziof A

. A grth webAl 1571 o
H]S 1-7_‘ 6]44—..4 oz WAL, EHl =Z(Nozzle)d} 2
E(Rotor) WZtoll AREE= Y5371 d57] S7olA 2
T F78k= A= 7Hskelth d=7] dFtels 7T
ok Zl(Variable inlet guide vanes, VIGV)o] &3},
VIGVE] =g 2450 =712 fise 37hds £
Eekan=y
A ZEAERIY] =8 AA shetalE el AAY S

A= Table 10 YERR AT 7571 (Inlet flow rate),
Q& H|(Pressure ratio) 13l Wij7]7}A-2 % (Exhaust gas
temperature) = AJZFALA] 2H4J3} Ho]E] A|E(Data sheet)”
£ Hasiiich Ei‘iEEl‘?J:rL%E(Turbme
temperature)} 59| 3] EE (Rotation speed)= A ZFA
A SHES S8 00 2 ALasc) A Alepel
AR toje AEQ] AAHE Z2(System power) T} A
2Hl §-8(System efficiency) ZH-E] AAIATH AR+
91.33 %] WeH(Methane), 5.36 %2] o|EH(Ethane), 2,14 %
9] =2 7H(Propane), 0.95 %2] F-EH(n—Butane) 12]1l 0,22
%2] H2(Nitrogen) 2 o]Fo)7] HA7IAE ARSI ¢
=29 A< ZF(Lower heating value, LHV)S 49,299

rotor inlet

16

Table 1 Design parameters and performances of 15 MW gas turbine

Design parameter Reference | Simulation
Compressor inlet flow rate (kg/s) 49.1
Compressor pressure ratio 17.1
Turbine rotor inlet temperature (C) 1177
Exhaust gas temperature (C) 495
Fuel flow rate (kg/s) - 0.8643
Shaft rotation speed (rpm) 11220
System power (MWe) 15
System efficiency (%) 352
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Fig. 12 Variations in VIGV angle and inlet air flow rate
with increasing load from 12 to 15 MW

Table 3 Maximum relative error and MSE of dynamic behavior
simulation using black box model

Parameter Maximwn(;:)l)ative error MSE
System power 3.70e-2 7.98e-6
Rotation speed 9.23e-4 1.3%-3
Fuel flow rate 3.70e-2 4.75e-8

Turbine inlet temperature 1.54e-2 7.53e-3
VIGV angle 1.20e-1 5.50e-3
Air flow rate 1.10e-1 1.19¢-3
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