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Device Based on Improved Newton-Raphson Algorithm
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( College of Power and Energy Engineering, Harbin Engineering University , Harbin, China, Post Code: 150001 )

Abstract: Because of its advantages such as high power density and good maneuverability ,the combined
gas turbine and gas turhine ( COGAG) device has shown a good development prospect in the field of ma-
rine power. Modular modeling for the components of COCAG was established. In order to improve the
computational efficiency and convergence of the model, the traditiobal Newton-Rapson algorithm is im-
proved to establish the steady-state model of COGAG. Then fourth-order Runge-Kutta Algorithm is used to
establish the dynamic model. The modeling method is verified by simulation in Python environment. The
simulation results show that the modeling method for COGAG proposed can simulate the steady-state and
dynamic operation. The convergence speed of steady-state calculation is improved. The model foundation
is provided for the study of response characteristics and the controller design of the system.

Key words: COGAG; Newton-Raphson algorithm; system modeling; performance simulation

Wi HEA 2021 -03 -24; {EiTHHA.2021 -07 -15

E£WMB : HEBHEEALT(2017 - V -0005 -0055,2017 - T -0011 -0012)

Fund-supported Project: National Science and Technology Major Project(2017 — V - 0005 - 0055,2017 = I -0011 -0012) )
TEBE N TR (1981 - ) 5B by ] A, i /R I TR R 20



5510 1]

T, F ST U Ak AR - BRI G B0 e B R T AT - 205 -

51

il

R - BREK G 3l J) 3 B (COGAG) fE Ry —Fp T %
K BLBhtEhs TAERE R TS W sh =k i A
FHSARHERE R & SR > . COGAG FyZEH R 24,
K B A5 B 7 B AT vl DA AR o
JAS o A IR Pt il e B R e i ik 22 e/
FRED  BAER AR T B, BN R
X ERFE AL SO U 3l ) e e R AR
HEAT T 298 T 3055 AU 41 2of 0 42 4 ek 4
B Z O TE O, SR T AR NG A R s, TEF
N BNk i A e S ok NG = v
TR R H S AR SR L B B
B L ROAIESE T A A8 B E RS A PLN
BhAEE . SRS R BP M2 4 N R
PUEREE, #5707 GEOF #U 1 7Y RS 58 HL A4 1 RE 191 ]
FERY | T AT B A o 8 b T S ML A PR RS # o
U Campora %5 A7 5% F A6 e Ak A5 19 5 1, 76 Mat-
lab/Simulink 345 FH & T M sh 35 B A5 53
P00 FRAY , SEF R RL 34 T AR T A RS

RAF T R R T AR A AR AL B 1B AT
TSR AR S 0 2R AR iAok
T 5 T matlab/simulink 2547 BF- &, 55 R
W PE R RS . A SCEL B COGAG KT
PEAB AT IR, AT AR A ML B IR 2 ) B AL e
o HATTE TR - IS S SR B E Rah
AR RHEGE 1 WH ¥ AR SAkdET T B, 12
R RR AR LEBL A b, 0 BT ST 0 A
RIBEAT 1 A2 Kl as PR e iy 0 B, B 1 @R
7B R

1 COGAG ERH-LRiRE

BR — RIS S T R B A A AN 1 R, £
RAGEA A HLANIR IR oy P T 0, 8K — HRIK 5 30
T B A AT 56 B R R A FREY . FRATLAZE
ARG I — SR A5 A BT S X &, BEAT Ja SE 5
S N S C R OB e i = v i VIVA G B2 ¢ RIS

=
O

Te LR TR

— 25 L

ERNEER AT

18R L —

3, — —

2 o B 4t

T T
fi\ b A

-
=
Fapid Y4

— a2l

B 1 COGAG & TREHE
Fig. | Schematic diagram of COGAG

L1 S8

AR E LR ESL R E R =K
PR X =R A A TR A
111 ES MR

FEANUE R ALY T2 NGB, SR
T M R e s S, PSR, ESALE T
VERHE AT FHAT A 30 & FE b (%6 B & i a4
BHFIR, REHLPEEWA S H0E , RS T

PEARZS ST LARE SE , 175 2 HoA AR 240 X
e WIE
v Tin pc out nn

G =S 1

o pin -ff.d( pc,in aik TC‘-M‘ ) ( )
pr oul n(:

=/, = 2

Ns: =ofe il " /T—) (2)

Kb F AR e—HESHL; po —HESHLBED RS,
kPa; p, ., —JESHL O JEJ7, kPa; n, —JEHLE:
E,r/min; Tc,in _E}imiﬁmﬁ}g,]{; Gc.a _EE\‘

/T

BLAS U ks m, —IE“THUCR s G, 4 —

]

-

n.
5 Gz RIBRBCR; [, —HE A E i
L Evd S e
HEASMLN B2 5 0] LR PR AR S AR A0 B, AR 45 28

Iradi

—IrEHHE; £, — TR T A FE



- 206 - # RE B

N TR 2021 4

(1) A (2) 73 2 AR50 50, R TR oA B0 FE
Xf LA T I PERE TR, 84 S T A 205K

Sc,uul.a = Sl‘.in & Rgln Tru

(3)

X7, =
e,in

EHE )/ (mol - K) 5 S, —IFAMT RS
i FUR R S, 5 —TEACHLEE 190 R R T MR s—
sk,

WRRECA AERRESH, RS IRER X

R & I (4)

P = LT, 000 (5)
e T, —40 3 E 48 JE AL DR E, K
Poous —2EFE 45 B D LG KRS, kIZkgo fi—
S outs T Tepou,s ZIEBIBRERE; £i— T o 5 Besou,s
Z IR BOR R . LA 2 R D308 -

hn' out,s h’c in
Ty . . (6)
n

itr’—‘: Nc _E%mﬂﬂ§%ﬁﬁm%{’kw; h’c,in _J—-E
B P2 R R, k) kg

pc outb 20 7 P
p‘ —HESHILES L R, — WS

N, =

h‘c,cul = h’c,in + Nc (7)
KA b, —ESHLE O SAE k) ke
112 REeschom
Gf
FAR = G.. (8)
pcc‘uul =E p ¢, In (9)
h’ﬂ(z,nul = (G('.a H h(‘.oul + ncc & Gf * Qu )/( Gr s Gc.a)
(10)

A T PR co— RS  FAR—BARIZS S L 6 —
B =, ke/ss p, —HRBRE HE DR ), kPa;
P ou —IRBEZE W O F), kPay o — R 401K R AL
Pro,om —RABEEE Y LIRS LEAS , KD kg Ry — T HE
FESHL OIS G, K ke g, —HRBE 38 R B3
Ky Q, — IR k) kg,
1.1.3 iR

150 1k R AR AU AR A8 I I AT , A R AL
TERARME AR, 48 B TARRE AT LU & Wi
K b T A s AR X A SRR i Herh
LRSS H0 AT AT WS 1) TARRA . XdiRde
BEAT AR v 5 TR ML, et T B A A ) 2
HHRZHESHAHLAE . RANESPLEREN

FEHELBURIIR A T Gasturb BLAK
1.2 BRHRESR
SRTHEA ) RE SR WL ATy H A i
fifiat s Br it SEHE 7, AR IR 6 3 71 L 2
HBGHIE . iR TR AR e A HE S B AR
Bk pen <D (11)
M,=K, p-n, D (12)
A T frds p—IRBESK; F, —WRhEIRHE T, N;
M, —SBHERME, N - m; p—IE KHE, kg/m’;
D —IRER AR m; K —IRHESRAE T R A K, —IR
JeAARE AR K, 5 K, Byl oE i AR5 AR
tt HD :Rf.
MR R M A S (A S 1 g -
F,=(l-1)F,
s F, —A RO N ¢ —HEHT I R 2

2 Km@E%

LS TR, COGAG RSk [Al AR
P — A F A A
(VAR ST

(13)

2.1

fixy = 2 T"A,l' =L W (14)

RiFE TIRTA

bRy o S TG = "'A;h' =L (15)

P R RSB 1 A

fi(X) = Dlon - D C G =0 (16)

(el I TP R A0 10 g F Y-

filX) = 7661* S g (17)

PR T

f0x) = D=t g (18)

@]ﬁfﬁ:%iﬁﬂﬁﬁiﬁﬁi:

fo(X) = G‘G;GP = 1) (19)

B

£0X) = M, *n,, +$:l'f r;pnphz = 3
(20)



5510 1]

T, F ST U Ak AR - BRI G B0 e B R T AT . 207 -

Lo F ks h—EEIRE: F b —REES
L T AR ht— R E ; T AAR he—mi R L
THbR pt—3h IR X = [ngys My s Byt s Mz s
TN O W R W RO S P T

J'lpt,l 9np(,2_w‘j ﬁ%mﬁlj] ?I%I%%i%, r/min; M1

e, — W SRR E LS 8, o/ min sy, o1y, o —

i G MR WL L JE ML e, o/ min s o, o, — G FE
ML TR IR O B I He sy, o, — T8 EE A5 MG
FE RS IR H s NV, , N, — (6 38 8 0 7 3R 6 30
KW N, o N, —106 L JE 4 HLAN 5 LK JE OBl 2%,
KW 5 73 vt » T, s — 06 FE B8 85 E IR 302025 6,
G — MR FELLE - HLAN 85 JE FE SO HLIG 2 0, K/
Grvrou s G Gu» G —HRBE 5 1 11 L 85 FE I 56 15 L 358
BRI T IR BN ks i M, M, M, — T
BRI HL AR HERARE N - m,

FER(14) ~ (20) B0 45 44 WO 65 FEAIIAL
PR, TR R RSN AR
BLL B7 LA AR R ML T R T B 2 5
R L 5 BRI R T R S B
TR RAMRAR MR IR R A 13 4
FARLG 13 AT .

1T COGAG RAMEETTHLIA 4, JiBaal A
BB, AR A AR A, A
SRR TR Newton-Raphson #{Uikilb 73R,

S04 g LA A 2 P AR A e, R
FMIR IEsR . BLARLEPERR BT AR UL AT LI
B AR

£(X)

LX)

E=F(X) = (21)

13 (X)
KA E = [e e, e, AFRFEME, H T30
(L2 B 5 E AT FOX) 740 5 F A s T A 1)
Taylor A2 & TF, #6 M Podisuk 25 A" 48t (¥ Py
i Newton-Cotes 3R FR A FACUAF Taylor 245, R
SCHK[ 13 1A 14 ] A4 AR 1 26 A ik «

F(X,)
Y, = X, - 70X, (22)
o FXY)
Z*_X"”_B(Xk,Yk) (23)

F(Z,)

JI(r)’
K B(X,,Y,) —LAX, f1Y, O {2 B R R
3 J(X) — F(X) B9 Jacobian K[

X =4,

k=0,1,2, (24)

(8h 0h . 84T
dx, OJ=x, d Xy
8 3 Bh
J(X) =|dx, 0dx d %3 (253

s e fn
Ldx,  dx, 9 %3
i T COGAG 3k 2 T AU BAH BaRRER,
H AR 1 2550 9 7 123155 Jacobian B 4 v 4 - 4L
TR, LN
af. _f;(Xk+5Xj]k) -filX, -8X1,)
Eu)“(; . - 28X 1,

(26)

Wik X, HHRRZEN R E,, I A
BN B || W RIBERGE, B 58 BE T B R,
HARFREEITRE.

LA 100% T35 R BauE , X B4R 047 5 —fb Ak 3,
PEIRI 4R & %, = [0. 881,0.881,0.941,0.941,1.01,
0.815,0. 815,0.921,0. 921,0. 997,0. 997, 0. 970,
0.970 7, 43 51 2R B % 40 A b 35 2% 15 7k Fn i ik 4
iR AR A% A B AT 30% LI AR A s R AT
Rfft o THELREX N 1 R,

*1 FRERTEERIL

Tab. 1 Comparison of calculation results

4 N - R $03:8) 1 Mt N - R $pEh
HAAEE
/T + min ! W4t /v - min ™!
1 0.753 221 0.697 354
2 0.708 883 0. 688 862
3 0.685 485 0.689 005
4 0. 688 548 0. 689 005
5 0. 689 020 0. 689 005
6 0. 689 003 0. 689 005
7 0. 689 005 0. 689 005

i 1 AR, A GE R b W ARk AR A 3934



* 208 - woEE 3 o T OB 2021 4¢
T T AR R RN S, 1 Ptk 2 T AR s i S ( %ﬁfﬁﬁﬁ J
FEE R AN E 3 B AT LR B s, M EiE —T
RS F A 4
= AR T R
2.2 BIEKRM (%m@mmﬁ}” FHETSH
S A L, SRR BN 2 AR
it RS ANAPERERT , ] I I & R SE i Py
HEERAYLELTREE. Efy 7~ 14),(15), FRIRET R RRE
(20) T2 s B T B .
i Newton—Raphson ; k=k+1
d nln _ 900(Nll T]It,nhﬂﬁ - Nln) ﬁﬁ‘.ﬁﬁ @
- 2 (27) [y
dT nlc I[I o b=
A5, 200LN, b M) (28) TR ek + | RRE TP
dr e Ly
% _ QOO(MPII LTS + Mpl,2 * Mgpn = Mp < np) ?'l;\
dr n, I @
(29) R
Ky 7 —FE]

K 5k X DY B DA — PESE IR I R,
S5 B AR R SR FH g i#F Newton-Raphson 1% 4%, i 3k
KA. PUBTIe s RIS B SR RS an T -

y' = G(E,:Y) (30)
k= G(t,,y,)
b = G0, + oy, + )
(31)
h h
ky = G(tn +?’yn +7k2)
ky = G(t, + h,y, + hk;)
Yot = Vu t ek 420y # 2Kk + k) (32)
I dnh‘,l dn’hc,] dn’p dn’]u.z dn’hc,2 !
ey =1 dr > dr “dr’ dr 7 dr 1o

) FH 8 U oy T R AR A3 (30) ~ (32),
IR KRR Ry RAAR(16) ~
(19) , BRI xf A shtl i sh A F b 17313 . COGAG
BWASIBATR AR AR 2 FFoR
2.3 RBIIGIE

N AR TR R AR i O MR 4 B R S HE L
AR RLE T80 5 9 B0 B R T X b, S AR 1k
2R ({045 2 7 RS0 o e 3 2 o S AR i ) 3
LL 100% Ay H& e, 3647 BodE )3 —fb AL 2, I 3
iR o

( HREH, R j

2 COGAG ZhsBITRRTE
Fig.2 Flow chart of COGAG dynamic operation

1.02

1.00
! 0.98
E 0.96
% 0.94 -
= 092}
i) 0.90 -

0.88 -

0-86 C 1 1 1

0 10 20 30 40
i a]/s
B3 shhimsiEm i sk

Fig. 3 Thecurve of power turbine speed

M AT BB, {5 B AR S s A TR

MBI R, 05 B i S s AR E
S AR A — B, BB TR AR B TR 2 K HE
5% LA, AR SCBTE SC R A PR B 46T

3 fFEWIE

1E python {li LIRS, 2T R GEaB A5 R A B
TR AR, AL IR - RS 3 SR BT —R
TR BT T iR o BN KRG RSB TR



5510 4] ERER, 5 T IA AR — BRI 3 3 BT T - 209 -
HGEFTHEAT 5 E, MHARE R PR RE HIL, RERESBTREWER2 Frs, i TG
3.1 BEME MAER LB B IR A —B R 2 p HAH T —

A IFE 30% ,50% ,80% #1 100% T 5L F 4745

SR ILRBITSE

F2 BEHETITHE
Tab. 2 Steady-state operating data

Gifii/% B A kg - s IR /r - min ! EHRBEEH/r o min T B IRRAGH - min T BRERIRAW BRREERSHE/r - min !
30 0.422 0.798 0. 886 0.689 0.3 0.689
50 0.596 0.862 0.930 0.818 0.5 0.818
80 0.842 0.943 0.978 0.94 0.8 0.94
100 1 1 1 1 1 1
3.2 EBMHE TFiR 10 s A 72, REELL 30% Tis4T,

T 10 s BN R, REE L 30% T.iiE
17,7656 10 s R B IS PR AR 50% T80, A6 56
40 s YREEFET 2 80% 1T T.OL, FeJo 7E56 80 s ffi R
#iLA 100% T.5LiE77, 76565 120 s BH {5 L5 50, e
SIS HUFIRA T i HE A Tl il 22 an ] 4 F1EL S Bl

1.0
0.9
e
» 038
0.7
0‘6 1 L L 1 1 1 1 L 1 L L
0 10 20 30 40 50 60 70 80 90100 110 120
B ]/
B4 eI g
Fig. 4 The curve of propeller speed
i
=
X

0 20 40 60 80 100 120
5 [A]/s

5 HRimimEIE s
Fig.5 The curve of fuel flow

755 10 s ﬂlﬁﬁﬁ%:&ﬁﬁ S0 100% L, 25
40 s P HATH . BRHESRFL H AN AT it ) 22 h 2k
W 6 I 7 BiaR .

1.00
0.95
0.90
0.85
0.80
0.75
0.70 |
0'650 lIO 2‘0 3'0 40
Il /s
B6 SRR i
Fig. 6 The curve of propeller speed

e

Fo i

0 10 20 30 40
i [E] /s
7 BhmimE I sk

Fig.7 The curve of fuel flow
JFU 10 s B sGE TR, REELL 100% Tl

BT, 1R 10 s BUR R EETIRE R 80% T4, 7
5540 s YRELRRAGEAT TN 50% , S S5 7E% 80 s fiff



. 210 - # RE B

RELL 30% T ilis 1T, fE55 120 s B {5 H 450,
WEL A S, R B AR Ak B 1 8 Fn e 9
Jﬁﬁo

1.00
0.95
0.90
0.85

i 30

0.80
0.75

0.70

& 0 2‘0 4JO éO Sb l(l)(] 120
inglals
Es BREREETHHE

Fig. 8 The curve of propeller speed

ST

0 20 40 60 80 100 120
i fi)/s

EO BimmETLHE
Fig. 9 The curve of fuel flow

TFG 10 s AT RE , REELL 100% TILiETT, 76
5510 s BRI AEIBITIRAE N 50% T, HEH 40 s
D5 LGS, MRS A URUBA T A 12 1972 b phh 2 %]
10 FIE 11 fios .

1.00

0.95

it

0.90

0.85

1
10 20 30 40

0.80 ]
0
B [Hl/s
10 EREREETAEE
Fig. 10 The curve of propeller speed

A B 2021 4

i

2

0 lb 2|0 3|0 40
it [E]/s
B 11 gk E T g
Fig. 11 The curve of fuel flow

4 4 %

BT kA AR 5 5T COGAG ffa i
BS54 UM ek — PR FIS E T R A8 AR
B, 3355

(1) TR R G ia FT AR, 2
SE T T O A S R - MRS S R BRI B
R, S EMF R, B SRl af DL A R SE B
- BRER A 8l 3 B s M ah s T R

(2) SfEsiyA-thi s R B AL, 2 E
SRR AT AT RS , AR RS SR AR A i BT
A ECE D BRI & R MO A
PO RFILRT 30% TOLM RS IR A TR
i, AR WS AP B 7 b 2 3 P T RACE
P75 57.14% , SR BRI B NG Bl )k B Y
i o7 5 TE 5 s 8 AR 1R T 4 A R AT 1 A5
Hehth

SE L

[1] XU Zhen-zhong, WEN Xue-you,ZHAQ Ning-bo. A Novel COGAG
propulsion’ system for marine ships [ C]//Proceedings of ASME
Turbo Expo 2018 Turbomachinery Technical Conference and Expo-
sition. America: International Gas Turbine Institute ,2018. hitps.//
doi. orgZ10. 1115/GT2018 - 75908.

(2] Zdw, £k, SR 48 - B s e B D AR
WFEEL )] . MR LA KA 2491 ,2016,37(10) 1366 - 1372.

LI Tie-lei, WANG Zhi-tao, LI Shu-ying. Simulation of performance

characteristics of a combined gas turbine and gas turbine device



5510 1]

ERER, 5 T IA AR — BRI 3 3 BT T

= 211 =

(3]

[4]

[5]

[6]

(8]

[1]. Journal of Harbin Engineering University, 2016,37 (10);
1366 - 1372.

W, KRR, T B MRS EEORITRLI]. &
] i it ,2005 ,46 (4 ) ;31 - 36.

HUANG Xiang-hua, ZHANG Tian-hong, DING Yi. A study on
modeling technology for ship gas turbine engine[ J]. SHIP BUILD-
ING OF CHINA ,2005,46(4) :31 -36.

TR R, ORE. BT AR A A LR B AR
BFACL 1. Wi 3 7127 31,2004,19(5) :689 - 694,

DING Yi, HUANG Xiang-hua,ZHANG Tian-hong. The research of
gas turbine performance modeling based on theory of similarity
[J71. Journal of Aerospace Power,2004,19(5) :689 — 694,
FERET, E B, SRERHE, . N T R R ML R B 0y
TE[1]. 3 TF2E4% 2018 ,38(2) ;98 —104.

REN Jing-qi, CAO Yue, SANG Yi-qian, et al. Modeling and dy-
namic simulation of H-class Heavy-duty gas turbines[ J |. Journal of
Chinese Society of Power Engineering 2018 ,38(2) ;98 — 104.
HOMLE RAVEE BRI EE SRR
RFFELT]. $uEesh T ,2020,35(3 ) :81 - 86.

HUANG Wei,CHANG Jun, SUN Zhi-bin. Modeling and condition
monitoring of Heavy-duty power generation gas turbine|[ J]. Journal
of Engineering for Thermal Energy and Power, 2020, 35 (3):
81 -86.

CAMPORA U, FIGARI M. Numerical simulation of ship propulsion
transients and full-scale validation|[ ] |. Proceedings of the Institu-
tion of Mechanical Engineers, Part M: Journal of Engineering for
the Maritime Environment,2003,217(1) .41 -52.

RO FERR A U B AR T SE [ D] db s R [
FleEp ks 2016,

LI Mei-yuan. Modeling and control law research for gas turbine

[10]

[11]

[12]

[14]

[ D]. Beijing: University of Chinese Academy of Sciences,2016.
S AR R BT AL LT ] R RiERCiE
Fo2,2013.
WU Hai-yan. Study on modeling and simulation of split-shaft gas
turbine[ J]. Shanghai : Shanghai Jiao Tong University,2013.
Be Ry, B E iR RS U (M ] dE
A B ol et , 2007,
LUO Guang-qi, SANG Zeng-chan, et al. Numerical simulation of
aviation gas turbine engine[ M. Beijing: National Defense Indus-
try Press,2007.
ORTEGA ] M, RHEINBOLDT W C. Iterative solution of non —
linear equation in several variables| M]. New York and London:
Academic Press,1970.
PODISUK M,CHUNDANG U,SANPRASERT W. Single step for-
mulas and multi - step formulas of the integration method for sol-
ving the initial value problem of ordinary differential equation
[T
1438 —1444.

Applied Mathematics&Computation, 2007, 190 (2 ).

CORDERO A, HuUESO J L, MARTINEZ E, et al. A modified
Newton-Jarratt's composition| J |. Numerical Algorithms,2010,55
(1):87-99.

gk R RIS R E R B s Ak R
TR ] IR R 2224k ( A SR FHS R ,2017,32(4) -
37 -44.

ZHANG Hui,CHEN Yu-mei,ZHOU Qin. Construction of a famly
of sixth-order newton-type iterative method[ J]. Journal of Shan-
donig Nornal “University ( Naiizal “Seinos ), 2017, 32 (4 ),
37 -44.

(2 # %3%)



