95 % s W SIRAERERAR Vol 5 No. 5

202249 A Journal of Global Energy Interconnection Sep. 2022
XEHE: 2096-5125(2022) 05-0454-09 FE 4 ES: TKS9 XEkFRERS: A

DOI: 10.19705/j.cnki.issn2096-5125.2022.05.006

70 KW SEKISE BB P R K IR

BET, PR, A, g, Z2EH, B, RE°
(1. XIEIKRFAHCER, HAf KLF 430070;

2. BRI AR AR CARFARTIE, Hil AMT 310014;
3. MRS MAITRARAS], bRT FFX  102209)

Research on Water and Heat Management of 70 kW Fuel Cell Cogeneration System

FU Haoyu', XIE Changjun'’, ZHU Wenchao', LI Hao', ZHANG Leiqi’, ZHAO Bo’, SONG Ji¢’
(1. School of Automation, Wuhan University of Technology, Wuhan 430070, Hubei Province, China;
2. State Grid Zhejiang Electric Power Research Institute, Hangzhou 310014, Zhejiang Province, China;
3. State Grid Smart Grid Research Institute Co., Ltd., Changping District, Beijing 102209, China )

Abstract: The electrical efficiency of the proton exchange FF R TRk E b () PRI ™ 22 G T DA R A ™ A R ) RER
membrane fuel cell stack is about 50%. The remaining energy K, FEERDRAENMERENE . /EMATLAB/SimulinkF
of the electrochemical reaction will be lost in the form of heat, G AT 70 kWZURR B M BB B = R 58, A HE R b
causing huge energy waste. The development of a fuel cell- HRETED | BV AR TR R R I P 2R G 2 A AR, IR
based cogeneration system can efficiently generate electricity TR R B B AT K VA T, 4 E S A FEE P R
and hot water, and significantly improve the energy efficiency 70 CLAT, TEREHME % B IR T, SLTHAAE [
of the system. £ 70 0 o Jovel 1) Gol SORMCIAION VSN sk AL R A, LIRS LA
was built on the 1imulin atform, 1ncludin . . . o
fuel cell electrical model, thermal manigement model an(gi PHRTRRRLITT LR AERISRE O e o e e

PRI TRIEN A H IR P 838 2o W i SR FR AR, B I Fe g
RERTT LA IR $]83.5%

integrated dynamic model of cogeneration system, and an
intelligent control algorithm was developed for water and heat
management, and the operating temperature of the stack is S RS H AR . BRI R S, BRI Ak
controlled at about 70 ‘C. Under the premise of ensuring the P

normal operation of the stack, the heat recovery efficiency is

improved and the parasitic power of the system is reduced. The

i

results show that the system can effectively recover the waste 0 gl
heat generated by the fuel cell reaction. While increasing the
external load to improve the stack efficiency, the cogeneration H T AR [ 2 BRARRE W) B 2 iy — 1 —1i
e’{"ﬁclency V\./lll gradually 1ncr.ease and then decrease, and the SR R LR I . ZE A R RRIE T, SRE
highest efficiency of cogeneration can reach 83.5%. v o e SR R
JCsE R BRI TR S BB Z —,  MARHR M  —Fh
Er AR, W] LU R SR e AL
B, IR L P RBCR A Z R TE SR BRI, 5
B P SCHUBR OB HE R ORI 50%, ALY g R, A B E AR R, LR AR
exchange membrane fuel cell, PEMFC) IRl Ty 2R % o i
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Fig. 1 Schematic diagram of fuel cell CHP system
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Fig. 2 Fuel cell CHP heat recovery system work flow chart
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Fig.3 Heat recovery system control strategy
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Fig. 4 Fuel cell output voltage equivalent circuit

A PEMFC i HH HL R Vg T R
V.. =E V.-V, -V (D

cell — “nernst — “act ~ " ohm ~ " con

Krh: E NEEITRER I v IS A B
FEs Vo RERIR AL M s Vv, vk B 25 ki
HLH
22,1 BeERRIIE
RETRE L S AR AR UMERS O T b T BRI, A
T2 AR AR B4 BOoR (T 5.
E,.. =1229-085x107(T, —298.15)+
4308x10° xT, (In By +0.5InP, ) (2
X TOMREHEE TR Ry e R 2
J&J15 Ry WAESAERARR ISR
222 FEHRMTEE
TG AR A AT H 2 R H St 2R A H A2 S g 7 A=
1) H B TE AR BT E 3l A SN 52 3 HLBH A5
SN R EEAR NG, AR R R, — AT AR
B VS
Vi =6+ &I+ &I, InCy +&,TInl (3)



Vol. 5No. 5

FRF, F 70 KW AR A EBEE T RFUKNVEIER 457

A 8,6,6.5 WEHRBHE: C, WP AR
WREs TN HER LR .
223 BERiBRALIE BE

KRB b CRRBE IR AL, BR U Ak i i R e T
PR ol Lt R S BEL T 7T 5 | 7 ) R S o8 s — o L 3l N
JUPFEHLRH, 55 —Fh R B i o BT sS e B R BT
Horb B PR EENE, RIS A

Vohm :Ist(Rm +Re) ~ [sIRm (4)
=l (5)
o, A

Kb ROWE THA: RV FILL: o i Fcht
WRRE: 0, R FACHMI T B3
224 REERIHE

B M A P o e M A
BB IR P S IR %, 4B R,
A R RO, LM P SR R e, T
AR I

con

V :—Bxln(ll‘ﬂJ (6)

Kb BARKBEG Lo WEPRREE; La R
LR o

2.3 PEMFCHtsHhES ST

HRPEAF (1) — (6), 7EMATLAB/Simulink#X {4
T PEMFCH YRR T BLEEAE, A BT ASTR] TAE IR
JE FPEMFCHALFEPER A fk, PEMFCH: Hi AR 1 B
BIRLGNE ST

PEMFCHi 451 05 FUASS R T 5 A 45 TS an 3
17

43 T,

......

nernst

N@ =00 2]
:
H
&8
~

D
]

Ve
Vi
250
g ; o0
14 Vo ~
7 _
Voim
i ; -
T,  Outl P,
I
Veen

B 5 PEMFCH)H$5iEAxE
Fig. 5 PEMFC output characteristic model
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Table I PEMFC output characteristic model parameters
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Table 2 PEMFC-CHP system model parameters
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T Rk g m/s’ 9.8
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Fig. 8 PEMFC-CHP system simulation diagram
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Table 3  Efficiency of PEMFC-CHP system under different
working conditions

BMETNRAW  EHER% /% BB %
30 29.8 357 65.5
40 32.1 40.5 72.6
50 338 45.6 794
60 34.0 49.5 83.5
70 32.1 504 82.5
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Fig. 11 Comparison of heat recovery efficiency before and after
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Table 4 Heat recovery efficiency before and after stack wrapping

FHETN R kW BLRBIAE /% BRISAE/ %
30 332 357
40 379 40.5
50 42.9 45.6
60 47.2 49.5
70 48.7 504
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Table 5 Electricity demand for residential buildings

T ABREE% FHEFR IR M E g ThZR
kW kW kW
8h-9h 40 40.50 53.80
9h-10h 45 45.65 56.64
10h-11h 35 35.39 51.01
11 h-12h 64 64.07 70.10
12h-13h 65 67.77 72.87
13 h-14h 56 56.45 64.74
14 h-15h 60 60.23 67.50
15h-16h 52 52.67 61.84
16 h-17h 45 45.07 56.61
17h-18 h 33 33.54 48.36
18 h-19h 52 52.67 62.00
19h-20h 64 64.00 70.10
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