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Abstract

As the core component of marine propulsion systems, the operational temperature stability of diesel engines directly impacts power
output efficiency and equipment lifespan. The cooling water system serves as the critical medium for temperature regulation. This
study focuses on the cooling water system of four-stroke marine diesel engines. Based on thermodynamic and fluid mechanics
principles, a system model was established. A temperature control simulation framework was developed using the MATLAB/
Simulink platform, incorporating a PID controller to ensure closed-loop regulation of water temperature. Simulation results
demonstrate that under sudden load variations, the control model maintains cooling water outlet temperature within the target range
of 82+2°C, with overshoot < 5% and regulation time < 120 seconds. These findings validate both the model’s rationality and the
effectiveness of the control strategy. The research provides foundational simulation support for optimizing design and predictive
maintenance of marine diesel engine cooling water systems.

Keywords
cooling water system; temperature control; marine diesel engine; MATLAB/Simulink; PID controller

EF MATLAB WIZEHBALS AKX R R ERE G E S

IR T kR

L AR ED A E], HhE - FEE R 063301
2. I REERG X, HE - 107 ER 121007

3. dbmsZiE AR, E - dEET 100091

=

e A AR HAs, HETRERERAEY A i B AR L EEFG, MK AGAR AN KRB,
AT ARG AT K RARA RIS, ATHRAFRRRAFRE, MEZRGEER, @I MATLAB/Simulink
FEHmiRE IRy AMESR, X PIDIEH BARIE KB FAYT, HALER T, ZEANEDELMEHNATEE IR
T, #elA R R ERE A+ 2°CH AR AN, BIAT<5%, AT <120s, A KIIET BA 65 5321 5 4 4)
SRR B RO FF R A AE AR SR S LA 2K R G b AR S S R TR B IR AR T AR A A X 3E,

ES k|
AR A BAIER); AR HAL; MATLAB/Simulink; PID#%4] 2

13|= R, BAHEN) T, BKIRRELE 80~85°CRUREY
A FRSEESY B, A KR S S B R T i, BUkiE
BRISETIL BT R, BT, [rzn  LIRERIREATED . PERE SR,

S2b SimE AL, AR (IMEEhh 2gm 4T ) BUE, BWRIH G . LT IERE T NIER G, MEERVLA S AR L
S E TR A B R R ] 5°C, BNESEERG R T TR, SETOTERHI S AR AT S A —— i A
1.2%~1.8%, HALEBFRESHIN 20% M Lo BHVKRS  AGHR, A7 SRSl & at T, BEURE o
TEASGIPUREERIEIIRAL, FEARGT (EEEHl.  FHARSEIERE, BRI AR R i R . %
TR AL ETS, R EFREILER 2 |
(EEEN] BiRTF (1981-) , 5, AN, TRID, MB  EahlsEmSsmis i, CRESHE MATLAB & TR0
VR II2EHTR. (IR FIERE, HESE S5 TR e .

TRy, R LAnEssfits, HaB iR ST R HVK ARG Bl 2 R FH T a7 sl L s,

210



IREFAREEE - £10% - £ 018 - 2026 £01 A

1.2 ARIK

[ N S NF 3 0 ST LI HIK R G I B T FR AR SE I
5% ZEEEAE (2023 ) KT AMESim RS HIK A G0,
) PID SHUE e SLHUKIR I H, (HARZZ AT T
AR T4 [E/MEF Smith (2022 ) £2HEH PID #234)
WS, EART T AScEkEN:, (DS R, RiESEE
A . BT 2R T st Bk el s AR L i 06
iE, 2 AR e N R DT T R, Az
% MATLAB EERGIRR AT RAIRAR, ML E# LT oK
1.3 ARANBTER AL

ARSCAHEAS 61L.23/30H fifs LIPS HIZK A 500 AL,
TFRELLRAFoT :

1 ARFRAHIK RS AR S TERIE, S /KIRiRET 8
B

2. Fi T MATLAB/Simulink ¥4 7358 (EHEZS, BTG
TEksEs . AR i

3. 10T PID #6188, i (5 B R [ (s 0 R

IR HICR 5
4. 3 HTOT AR, GaiERR R & B S i ] SRS A
Xttt

FARBA&ME 1R (RSORBRE], B 1 & eiR:
“ RGO BEE A R — MATLAB/Simulink E24%
— PID ¥ E - (HE AR ) .
2 ARARSEMMLIL AR RS RIE S FEIR
21 RGEAMR S TIERRE

AEARSI LA HIK 2GR ARG F, 2L
TR

PRI, S SELE . SELEE, BT AR
BB (GERA A HIK

AHIFETE: WaHhE: (RIS HEK) « BH
KR CRREMERRED ) |« @A GRETs5mKE s
G

WM SR T, RS (RERHIKE TR ) |
PID #ZHil28 (PHEETIRE ) |« PuTes (IREh—m@imshiE) .

RO TVEFRREN: BHIKFRGBOK fik S48 L E |
B, WISGAEEKIETE; BRI AR, —HEHR
AHAERAH], 5B 55 mE s 2O PID 55es
RIBH KR S EENRE, T =ERIFE, HH
IKEg 555E K B R B, R OGRS E R
XAl
2.2 HiREIg

ETRETFEERESRAEIIALEMAR, A
OIRTTEE B, 2R ER R (AR K
FHUAREE ) , A UERDLERCR — S SN .

221 FRALRAEA (S ALK )

SmLE T, FESESOERE Q (kh) 517
far o (0~1, XFR7 0%~100% ffir ) BLER £, AR
Q1= a xXQn

Heb, QA MIE E im FHBAE, &%
6L23/30H 4L Z%L, B Qu=28000 ki/h.
222 AFAESAER (F B )

AR I EE Q2 (ki) BUR TAGRIANIR
ZSHhdaiii, AR

Q:=KXxAx AT

Hirb, K AEREE (K/(m? - h-°C)) , B K=1200
(BRI HIE ) 3 A NHAEMR (m?) , BLA=8
GERCIZIISINL) 3 AT ARRGRAHSEZE (C) , B
A T=15( 7K R 25°C, oKk DR 7 40°CTHHE ) .
223 RFFHEHR (KRB EA)

RIBREREFIE, REVKAZGNREHHTER

CxmxdT/dt= Qi - Q.

Hrb, C ARG (kiikg - °C)) , BLC=42; m
K EGIEIKE (kg) , BXm=500 ( 7% 5S4 )
KAZER) 3 T ABRHKHORE (°C) 5 t AR (h)

B KR AL AR

dT/dt = (Qi - Q2)/(C X m)

ZARNREAFGTENZOTEE, R TN E
FEX IR AR5
2.2.4 PID 4= 4| S5 4L A

KAGIE PID 5%, EHlgmHE U (=
BT, 0~1) FHEARIR:

U =Kp x e(t) + Ki x Je(t)dt + Kd x de(t)/dt

Hrp, e(t) =To - T(t) (To A/KIRIETEME, HL82°C) ;
Kp MBI ZREL, Ki AR 250, Kd AR 7250, 8
EEE.
3 £F MATLAB/Simulink B{5 B &R &
3.1 B INE SEPERE

(HESEA T MATLAB R2022b, #%0, T EAE Simulink,
TRIE A ECE AR R DL N IR, e B A EE X
b, R

FZSEEATT Simulink HEHLERE R THAE

PSR Simulink/Sources/Step 1AV (71157 2 o UK ER
A4k (400.5— 0.8, FERAHET: )

T ek Simulink/Math Operations/Multiply 715 Qi=a X Qu

TSP M7 R B Simulink/Continuous/Integrator % - dT/dt
FRAO TR T()

PID % ] 25 Simulink/Controls/PID Controller = i PID
PSHIE:, =R U

211



IREFAREEE - £10% - £ 018 - 2026 £01 A

JIE2S Simulink/Sinks/Scope SN RAKIR T(t) S AT
o FEELHRLL
32 HEREEETR

AU 1. Hridt Simulink FY

FIFF MATLAB, il “Home — Simulink — Blank Model” ,
SR, 4444 “Diesel Cooling Systemuslx”

P2 RO OB

1. M Simulink FE P #E4H “Step” R (ay4h “Ftar
Koo ), HESE. Step time=10 (10s [ Afsds ) ,
Initial value=0.5 ( FJIGTART 50% ) , Final value=0.8 ( 28455
ftar 80% ) 5

2.9¥000 “Multiply” FEER, fay A 1 7582 “Step” b,
B A 2 Y “280007  (QafE) , EHENA Qi

3.IRIN “Constant” bk (6344 “Q." ) , WEEN
“1200 x 8 x 15=144000" ( Q2 I1E(H) ;

4700 “Sum” FEHL (& B A “Subtract” ), i A
18R Qu, WA 2 2B Qo FTHESE Y Qi-Q2s

54500 “Gain” B (dx 48 “1/(Cxm)” ), KEH
HIZ52h “1/(4.2 X 500)=0.000476" ;

6. AN “Integrator” FRER , ki Az “Gain” BEREGH
R A7KIR T(1);

7.9 N “PID Controller” #& B, iy A i 1% 2 “To
(82°C) -T(t)” WIREES, FtksmA—iBRE U;

8. ™I “Scope” L, Sy BIERE “T()” 15 “TAfiE o7,
TG E 2.

HERE TR G, HRGERInE 2 R (bR
“ A % o — Multiply (Qi1) — Sum (Qi1-Q2) — Gain —
Integrator ( T(t) ) — PID — Scope; [FIfisf T(t) 5 To FbEi A5k
fw#, ¥APID” ) .

B 3. PID ZHkTE

K “EENREEE BE PID B, AR — AR E,
pZ SN

1. 2545 Ki=0, Kd=0, {X{REFELEFES] (PasH]) , &
SHEK Kp, BHE/KmBIINENRT, I Kp=2.5;

2. fR%F Kp=2.5, BHHA KL, HRESHZE (VKRR
RS ToWEM) , EERES 0.5C, I Ki=0.1;

3 Kp=2.5, Ki=0.1, FHHEk Kd, By EIEE (7K
I To KB ) , HEEIEES 5%, I Kd=0.05.

AT PID 254: Kp=2.5, Ki=0.1, Kd=0.05, fiA
PID #ZEHlIZS S0 B R

W4 (FESHAE

1F Simulink %= % 5 M 5 ¢l “Simulation — Model
Configuration Parameters” , 145 :

- Stop time=300 ( {5 &N 300s, EIEMLEKFEFAT
o)

- Solver=ode45 (HHUZAFEN:, TTERHES) ;

212

- HAWZEOERIA, i “OK” SERki

W
4 fFEERS T EWIE

41 BEIRBE (AFTAE)

BE “Step” HEHLSEL: Initial value=0.6 (60% 714 )
Final value=0.6 ( TLORIRET ) , BE5E, 1S2KIRZEL
HheenE 3 R (fEiEHER:  “0~50s ZKIEMPIEE 30°CHuH
TR, 50~120s FFFERELE, 120s JGFAELE 81.8°C, 5 To

(82°C) R 0.2°C, THIH” ) .

LERSHT: RS TR, KERATEE 8L8C, &
TRES 0.5°C, BEIHIZK, IR AR E Rt fE
BRSO TGP RES PID S FE M.
A2 BT RFE (AFTRT)

U “Step” MEHRZEL. Step time=100 ( 100s 77728
75 ) , Initial value=0.5 ( 50% /1157 ) , Final value=0.8 ( 80%
), EshiFE, BREPKES R AL 4 For

(LR “0~100s 7KiRAZE(E 81.9°C; 100s f1fuf 28 AR
Ja, AdmPug EH, 140s isFIEE(E 85.1°C (IR 3.8% ) ,
220s JARY& % 82.2°C, FAEERMRXE ) .o

LEEL T

1Rz RRE: Tmf2RAE NS, AGE(E 40s IR 7K IRIE(E,
TETIRIA] (MRASFIFaSE ) A 120s, 785 EARAHSE AL 7K
IRASAL RN R K (I TRYT< 180s) 5

2. HIRE I 3.8%, < 5% FRILEIE, W
T T 7K i S A XU 5

3 FAEME: 2208 JR/KIRFELE 82.2°C, W7 0.2°C, 14t
BH PID #2325 e A SNl A 28 255 R T4, R &
PERET
4.3 IRE SR HIGE

X OB SR 51 R SR HIK A G SEBRIE I TEL
B (2% (s geF) ) -

- EprASAERE<1C, HERZE02C, RE
B

- SEBRAURIZEAE (50% — 80% ) I, A< 150s,
DFELRTITR] 1208, FFE5E6R;

- IPRHEHE < 8%, (HEEE 3.8%, ZHRERET
LPRAG (RFEZRS TERIGRETIEE) .

22 b, DEUROR AR S A H K RS B AR,
Al AT A 5018 TR T

5 &t ERE
51 HxR4ie

A3 HF MATLAB/Simulink SE-45, 52A% T ASAALEHL
BEDK RGBT BT, FEEERUR:

1 MR B AR (BCR 5 RE . PID 4515095 ) BB
BRHRAHK A IR, B LA, &R
K2 TR RIRKCE 5



IREFAREEE - £10% - £ 018 - 2026 £01 A

2. (FELEFARAH, PID #2588 ( Kp=2.5, Ki=0.1, Kd=0.05)
TR EEIE T ARl HERR, FaSmE< 0.5°C,
IR 5%, RTINS 120s, R THREZEEK;

3. ELN L FT LA, (@i MATLAB
PAFRTR]SERY, AN TRE AR T F BB A PRI
RITESR, A RTINS 25 HTRE
52MRAEERE

IR AR :

1. A0S TS RSB KRR A E TR &,
SR RS ERE

2. (YR F PID #2550, ARa Heisemiisdl. Bk n s
IS 52 AR PRI IR

JREERT ML R A AL :

L S| AR BV S E i ahis s, SR e
ESEIME;

2. 7 MATLAB AR AFSHI R B, W1t
PR, RIS 5
3. EEEARIPERI S, B R S SR R RS &
P RIFR T S F
S 3k
[1] 2, F&. BASHILAHIK A5 AMESIm{FE SPID L[],
AR TR, 2023, 45(5): 121-126.
21 ThEMGE THEEAS. 6L23/30HM% S imL i R4 F it

[Z]. 2021.
[3] #AAR. BHabishlEEE (S M. dba: Bk, 2020:
156-168.

[4] FrE, 4L MATLAB/Simulink T2 FHSLEIZERM]. b5
BUBR Tl R, 2022: 89-102.

[5] Smith J, Brown A. Fuzzy PID Control for Marine Diesel Cooling
Systems[J]. Journal of Marine Engineering & Technology, 2022,
21(3): 189-195.

213



