B3k FH13M
206 2016 4 7 H

IS A D S Vol.32 No.13
Transactions of the Chinese Society of Agricultural Engineering Jul. 2016

KPEBES &M B BEBX & IX B IR B 1l /¢ R R RYIE EL 1 53 4

X B LR X 2 E A
(1. PR T2 BERE TR S EREE 22 B, BN 450007 ;5 2. TG4 MY Rl 358 T Ak REVE H 5 TP S0 28, A5 450002;
3. R A G RE IR 5 B SR B TR BE , Tl 467036)

B B APV B BRI TR BH REN B 1 AR G v AUIE O , LR A K P AR5 A ) o R IG5 9K s e Y
VAT 7 BT R RIS 1SRRI G st T L RERR A 9 AT REVE . SR A MATLAB S PFSIASHNL T XGAIR R 1K
BT T, HAE BN AR/ N “IRIE X BAR A T A B] b A SRR W] - SRS TN, $ B 2 T UL ERR B, AT sk
ARG L1 PGB TI X R P AR5 2R Y BT RER S L RE A& MO ST , 255 R GRS IR R R M st T
MW7, Ao HH K B BE S5 A= 0 Il RTG53t RE ) fie B [ A O 1 0 I LU ABLYE TR 0.5~0.6, 412 HH 18 B T XUAIRIR & 1L BE 3 Rl Ut
B TR BFTEE R AT G e RGUPERERIRRE TE SCBURBARE S5 A W T RE R A A SRS %

KEEIR : KIARR ; A 5 ) A s S BObE 5 23IR b s BE 0L
doi: 10.11975/}.issn.1002-6819.2016.13.029

FES %S 5214552162 SCRRARERD : A XEHS:1002-6819(2016)-13-0206-06

XEE, NEH, EFEE. KIS EMRERS KRGS REMBEMESM[J]. Kl TEFH, 2016, 32(13):
206-211.  doi:10.11975/}.issn.1002-6819.2016.13.029  http://www.tcsae.org

Liu Enhai, Liu Shengyong, Yu Tingting. Suitability analysis of solar energy and biomass energy for adsorption refrigeration system[J].
Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE ), 2016, 32(13): 206-211. (in Chinese

with English abstract) doi:10.11975/j.issn.1002-6819.2016.13.029  http://www.tcsae.org

0 51 &

BEE A PR THFSE R R, REIRSEHLFNERIR 15
[ H g 2, AU G4 A BE DR B FHE (A= 4 it
RESE(R AR O REIR T AR I R B2 . RPHAE B
Yy STREAE S T FEAE O PR R AR IR, A o5 el {5 etk |
A FRAR AR R, BOA R BT B TR R RO RE IR,
i A 2 X 149 A BHT B R A 9y S B 8 IR = ), LA
K PHBE AN AL Wy Jo R A S R B i v 2R e A AR AR I, XF
Tk kR A BE T A 11 X B4 RE IR BT IR A A BR A i
Qe HAH S X

IR FHARE S AE W ot REIK 75 UK 3 B Wi 08 R &, e —
MR A BHBE S5 A=Y BT REVC CZ 5 o A5 B Uit v8 R 48
REIRRRE A R GE . HRTEINSNE X K HAE L
JRTRE S5 F] A REVRAE W B 1 v 2R ST SR Sl IR A T T
DRIZHIWFFE, FEAETE Z 1V 25 P SUsh A 2 R . (R0
K BHBE A AL 1) Jo R IR 7 Sk 3 MR 41 v R G A0 P PR AR
WF5E R A D . FANPTAER T IR B S v nT A
AR BHAEA Tl R AAF R AR L REDR, AIF 1K PH AEAX
IKARKAE S G L, R0 T RGCRER A MO 5 ¥ /N i 2
Mg T —E R FHRE S A Y B R A B S PR R 48, OF
AT TR BHAES AR ) B BE LA IS IR ER R ST AT 5

Wk Hi1:2015-12-22  1&1T H#1:2016-04-25

A H A PR A T35 H (2014KJCXJCRCO15)

VEF A B, 55 QO T a5 BH DO, 11, S A= A= W It
AEREALRH i O BFIE . A8 s T 24 B i I 5 IR B 24 e, 450007
Email: liuenhail018@126.com

JE A B A8 BT — B 29 4 I BH RE [ 4 15z B =X ) 4 2%
B O SRS T — R A ) A B RE SR AR A
EUK S/ N B VA R G AR K BHRE S R4
JE BB I B IR sl W B 2 ¥4 22 8 110 T4 BE g 5 oA s 3 67 o
Ak B ] ) AR A B A, DA 4 78 (X R I5 BIK 51 1
KR & st 4, WRIRMFE 7RSS LY R
REBX A a2 THLRE MR A IE A PE , FFoR I MATLAB 1 44-3h
AL JEBCTOLAE T R BH RBAE a8 A AE ) ST
POKH TR | R G E POKFHOKE IR E S 50E
TEOL, BT RIS A= 0 5 BE AR A % B B VR FH 1 PH BE W B
T R GRS AT
1 REAR
1.1 RSGHERK

A= I e A B A BH B I 31 R 5 T v 2R 496 Hh BRI HAOK
PEER W B T RTAGIR A EIK G IR R4 751 (8 DI
85 4 APEIR MBS -0, R sl AR AN 1 PR
G RSP IE R K BHBEAE AR (Spa 41 TRX-408 7Y,
WA 20 Hix2.78 m? )RR ARV 4Bl B4 A= 4 o
PORER IS AT 35 kW, #UK T 0.1 MPa, #UK IR B
H 20~95 °C, HECE R 73.13%. ), IEH R EE A 300 mm
FIFTHR FORFEFFARRE CHRC A 107 g AR 2 A i 6 el
DO HAEE A 130 kg/m® BEFH IR 15 658 ki/kg; BLE
i — B T BRI RN KR AR A, L ZYWT2
R ASGHA TR R A A7 M b3 5 >R A JKC-DMR-5 %Y
IR B S0 £ A SRS R BH R il i e AMF AU#0K
TR RGN AR B



5513 1 XIS K BHRE S AE W S RBIEE & R sl W B ¥4 2R Be s e 2B 207
&} TR )
SRR LAl v E N %5
PN Uit
P et L

BH1 ZAEHSAEZE

Fig.1 Schmatic diagram of control system

12 REHR

R0 H IR 52502015 42 6 H 3 H 06:00~18:00, I
K7, HIEFE R e A 31.4 °CL, e flR <R 159 °CL, H
SR 24.6 °C.

WAE A BH B -5 A= 10 T R IE A5 B 3 1 R BAF 02 2R 1k
W%, SR AE Y R Bhist i, Mt A,
SR FH TS 15 5 A5 TR B e ) S A A 5% ) Rl A B S )
MRRAF S AR OCRE RS, )1 -FEAR T A
M RGENE UK I S & HOKFE KR ;s #EH JKC-
DMR-5 73 K BH A S A G 5 B 0~10 kW/m?2, 43 3%
H0.01 kW/m?, B HERE FE +59 )38 FRHAGI | it S & A0 K BH G
R A R AMF BRUBOR R (I ] 0~15 mis,
K B +0.5%) Wl R Ge ik MK 45 Bk R . A ke T
B BRI A R G i R Tk T . =EAMR
S B KoK G F LR 2R R 4010 5% MUn S TR A
P37 o
1.2.1 $EBEFIA

B 1R BLCLF, AT ADE. RS
PIAIEFR 1] 7K — A BH RE AR A8 O8O — A= 9 5 oK 8 o
P EHUKH

B 2. R AEDF, G B.Co RS
PG PR [E] 7K — K BH BE AR A28 O #4)— & HUKFE—E W) i
FORERIP OO — K BHREAE AR O ) — & HUKH
122 StEREITI

FFR T A.C.DF, AT B.E, R4 NG E
K 531 22 K PH RE £ FAGES AN A 49 o RO B n i (2 1ok
SR D A R R R K R A B A E D SR TR A
KA

2 EYRREH BN AtRE S AR E

2.1 BIRSH

R R A AL BB TR S PR DL, T e
PR PHAE S5 L) FRAERY VB4 A AL IR (0 3E B b , R
F MATLAB %44, f& Bl SIMULINK #EF 7888 ab 2 | 5 A5 45
U A 00T ShaS RG0SR 5 & AUk F
ORI AR PR IS 8, i A= 9 s e A M il
BREEFH K PHRE M VA R Ge b il 4 71k, ey 3
IR 2 s o ARPEEE Sk HZ K a4  MATLAB i2
Fr e 3 fis .

B2 FAsifi
Fig.2  Simplification of system

B3 A% MATLAB @ A
Fig.3 Image of MATLAB

22 IREUKRER

DA BT S fy A5 - 15101

ek B G B R — D R ARt ad A, i HL
RN REZ O TR RA — & AR, I LA
PG AR SAL A H I AL Pad B 200 RGEEFR K
g P R IR AR AR P AR, AR Ak TR 17 £
PERT, R AT BB TS Rk v BE RGP A . AR ]
ERERLIARE , K Y BEAL P R ] 2Ry

Q=cAo(ii-13); (1)
Q=AA (1,—1,)8; (2)
Q=hA (13-1,) (3)

Hrh Q WL, Wi e ARIIH A IR, m?5 1, 115
1ty SR AMIIR STRLRE 7K VA TE SIMIN R T T BE 7K VA B
DAY R TR B RN AT PR KRS, °C s o ekt - 3% B 2%
BN N FIERE, Wi K);6 KIS EEERE msh N
FRHAEHRZRE, W/(mK).
FHerp KA BE HIMIRE T I8 RN PR KT 243 A
TR
tr=t,+Aty; (4)

t4+f0/T:4\m_§1% . (5)

P o, AL, C; K AR, Wim?- K)o

2) K PHRESE P Ay 02

K BH BB A PR MR AT 10 8 29 R B 5% R S e PR A Y
RERASS i Hh A REFEAN A DY IR AR (R 3 300, B

0.=0,+0,+0,; (6)

0.=1A (ta); (7)
QL:AEUl(tp_ta); (8)
Q=G =t o (9)

KA 0,100.0,.Q. BRI FR M BERE (BEEI |
v RERL AN A SRR W, R PHER TSR IE , Wim?;
A, FEPGATROETR, m?5 7 o 7090 g3 WOeR 5 U,



208

Al T4 (http://www.tcsae.org )

2016 4E

PARR R 1, 1,1, 530 A W RS 2 TR PR IK
B R EE , Cs e, , B TR A K/ (kg K) 5 g, FIARFR K 5T
T, ke/so

3 EBRMERSN

BB TANSHES

FEF BT OURBHREAE AR | B RPUK SN 5 E
POKFEH A Z 1 AR &P R MATLAB 44T 2
Fifrizs 4748 3 8 PO A HE T K IR B A8 b R AT BEARL A0 B, LA
PRI A HAIE T TR 2 A E OB B Uk AR LK
IRARAL 2 anE 4 PR,

87~

3.1

o
(o

o
N

%
=

o0
2

I Temperature/°C

—— 55X 1 Mode 1
i —o— 5 2 Mode 2

oo
)

R I S TN
IFE] Time/h
B4 FEPERAEXTEHARA L 0P34 KE T E K
Fig.4 Temperature of heat storage tank entrance under different
series connection mode

MR 3 BT, LL2015 4F 6 J1 3 HAR 3SR
1, AL 1E 54 06:00~18:00 B o B S A PRI T 0L A2
.2 BT B IR FEIE K IRAZ A th 2 2 52 BT B —
BT TR B 06:00~09:00 I, T4 15:00~

18:00 3 a] , A BHR S BE 4055 , RGN UK Bk GEA:
P HOK SR A GE 2 R B HOKFEE K
TR FAARBAE A K. A 09:00 BHE , APHER
SR, e IEE I RE 0 i RN, B AOKAR HE COK IR AE
M2k St EFbias, B 2 THafT, EHOKEEUE N KR g
H 4 86.1 °C, i T 1 s T TR 5 84.8 °C. JF A
FREK 2 THLEAT, AR H B UK 280 K B RE
UOMPTHE TR S5FF0 IR HBGE T T, 1 7 HE A
2 THEGR ) | BEA i o S B R A5 14
3.2 HEIRERMESHT
3.2.1 BRABATHEBAEML X

HR A5 A= 9 S5 REAE Ry 4ty B AE TR FH A BH BE R R v4 &
G R, BEAREL G a1 T UL RE A PRI LR i
B EE T B 2R WL 5 TR o

MR 5 KIS, BRSREEEE FNaREe (R E
AR IR E /N, G B AT B A W S R A B (AL REAR R
PR, i sa b FOKIEAS AR R TS0, BT (0~40 min)
TG (E AR FAEARMEL, 43 Br L5 DR h T i BB 1 Jt 14
FEAFIR MR e AN 78 40 FIr S0, Bt R Gk iz 7,
HAARPE 51 (300 min J& ) B8 TFF, B KR
TRUETE 86 CLEAT , BEAR THRILMEL . AREE] Sb, e AIHT, K
FHBEAE UK AR ) CK IR A& UK AR 2F K R (A AR 1E
GRS EAS A REBAL, WA R AEE/ D1V
SRS SR 22 B, 9 L DR T R S A R
7B IS 24 52 22 50 N K I %) e 2 R s B 1) o &5 SRk
B« AW RO K PHBEAE SAER H T KR AR AR 48
-5 AEF- 29 2253 30 3.24%.2.03%4 47, & HUKH
AR AR AL A AE -5 B0 (- 35 22 29 412.94%

95r
90
851

80r

I Temperature/°C

5F

1 23 45 6 7 8 91011 12
TES ] Test time/h
bARAER H KR AR AL

b. Temperature curves of solar collector

70
1.0 1.5 2.0 2.5 3.0 3.5 40 45 5.0 55 6.0
W E] Test time/h
c. B KA HE DGR I
c. Temperature curves of heat storage tank

AR B AATEAT AR Y B AR e I B A xT RR oy 2%

Fig.5 Oretical modeling and experimental data control curves for combined operation of two heat sources of energy

100~ 100
90 B 90
£ 80 & 80
£ 7o} I
2 L 2
£ ol g 60
N, & %
m OOl —— W Test data B 40
ZE g uc]
40 L —e— HUE Simulate data 30
30 7 20
200 60 120 180 240 300 ! OO
W3 ] Test time/min
a i KR AR
a. Temperature curves of biomass boiler
s
322 BRI S AN

AW R R4 B K BHAE IR T 0L REis A, ARG 2
UL He A= RIS 28R 7 B BRI S AR G R K I Y
B DR AR TEh AT E, IR ARt/ — ek
PRI AN AT, BEES AN 6 s

MK 6a B, BEE 3 R {H(0.2~0.7) 3G,
B IR HE 0SF K R e, ARG g A (2%~
0.59% )Rk D o T R R 403 e R (3 A A T 14 5 AR
PN IR IR FETFGHOR o T4 K PR RE S 1 2E K R 2

FI A BH H HE T A4 B B i AR AR K, 3 80E UK FE A
IR THEE /N IR . Rl 6b BT H, BE 43 EL R
{H.(0.2~0.7) 3G I, S Hh 117247 7K I 8 34 18 o, (L34
g B2 (1.29~2.59% ) K3 n . RN Bl 203 e R 1
K, T K38 0 B AR R R S ORI W T, AR
F 5 H KRR S g B v R ARBE R 6¢ PR, Bl 5
Wit R A(0.2~0.7) P3G K, K FAREAE IS Hh 1P Y
FEASWTEE AN, BE 0 (0.5%~2.29% ) Ol R . BEH /M L R
EIE T, B P SCR S R B 3 TKIRAIG, i 28



5513 14

X RBVEFSE R PHAE -5 A2 ) IR BRI 7 9K Sl I B 1 v R S 15 ek 23 #r 209

K BHBE 7 6 30 K 1) 40 A0 3 338 R | BRI 11 sk o
BT, H KR T IR AR K.t B 6d BT,
B i be R (E(0.2~0.7) 938K, T 32 & HOKF
PRS2, PSRN WG, 34 (1.6%~
2.1%) BN F-2%

87
86+
851
84
83+
82+
81+
80+

Papiinea
791 Return flow distribution ratio R
g —=— R=0.2 —v— R=0.5
78| —*—R=03 —— R=06
77+ —*— R=04 —*— R=0.7
76 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0123456738 9101112131415
IRFTA] Time/h

a. 75 BUKFR D

a. Heat storage tank entrance

I Temperature/°C

91 -
90+
891
88
87_‘\‘\\‘*/
86
85-§::I¢ﬁ:"
841 _\k/,/./“’“\
83-_\‘\/./././."\‘\-\'
821
0123456738 9101112131415

1] Time/h

b Far il H

b. Boiler exit

L JE Temperature/°C

90~
881
86+

841
82+
80+
78+
76}

L% Temperature/°C

74
72t

70 1 1 1 1 1
01234567389101112131415

HF1A] Time/h
c KBABEEMGR H T

c. Solar collector exit

91
90+
89+

N

84+
831
82+
81+
80 ——t——r L L !
0123456789101112131415

1] Time/h

dEHUKA N

d. Heat storage tank exit

B6 RESAIGEY MR EREAATM S 0 FH KRR

Fig.6 Temperature of biomass boiler exit, solar collector exit and

i Temperature/°C

heat storage tank exit under different by-pass ratio

A £ & 6, 3 X KPR RE S5 A Y R Re B AL RE Y
ERCHEREGY, 254 REAR PN TR ML s sy
BT, 38 H 8 B SRR SRR A e AT e o BFIE 4 SR
TR R (R 0.5, 386 & KPHAEAEREAYB 1T L
) R AR 0.55, 5K LAAE 9 5 RE il B K PH B IE &
BEREAYIZ TR 3) A EE R (M 0.6, 18 A B W TR eI
AEfiE]

4 &

DLLE #5319 K BH B8 5 4= 47 J53 AR I 45 9K 0 W 86 il
Bk & A G WF5E T BRI G2 1 T L RE Y38
[

2K H MATLAB #A4Esh S T OKBARE 5 AW Bfe
HOJFBEET T L, o T AR R REAE A BhREVR A TR
FHRE R VA RGNS B AT T 7 . BREIET TIR , Ih4a HEAR
X 2 THEIRG S ; B2 T T, 15 A ] K 7 4 e
FUAETE RN 0.5~0.6, & BT SRR &It BE 3 Fh4s
Triaf s,

B % X Hf
[1] B, FiRee T A Y BREv s S5 A ). KBHEE2-H,2008,

29(1):90-92.
Zhao Jun, Wang Shuyang. Bio-energy resource and its utilization
in China[J]. Acta Energiae Solaris Sinica, 2008, 29(1): 90-92.(in
Chinese with English abstract)

2] XUEHE G 5K R A B R B HR 58 RS 3 BT [T,
REURIFIE S A, 2002(6): 26-28.

(3] FMIREY. Hh EE ARl Kk R[], Ak TR 4l
2004,20(5): 1-2.
Sun Zhenjun. Biomass industry and its developmental trends in
China|]]. Transactions of the Chinese Society of Agricultural
Engineering ( Transactions of the CSAE ), 2004, 20(5): 1-2.(in
Chinese with English abstract)

[4] A, AL R BHAEAH BULR 5 K R TS (0], N AR
HiA,2007, (5): 28-33.
Liao Renjie, Li Shulan. Actuality and prospect of solar energy’s
application[J]. Applied Energy Technology, 2007 (5): 28 -33. (in
Chinese with English abstract)

(5] SRICHE Ay Ak, XU4d. rb I R BH RE BT IR F BIUIR K & i
). 2GR AR ,2014,(11): 137-143.
Zhang Wenjian, He Yulin, Liu Jian. The utilization situation and
development trend of solar energy resources in China [J].
Equipment Manufacturing Technology, 2014, (11): 137-143.(in
Chinese with English abstract)

[6] FanAr, Eufh, Semh. WU Be 5 0 M. deat
BrFHOAR H A, 2007.9.

[7] Y/, RPHAES A=W B RE S AN R S IR 2R R SERIWFFE(D.
2EMN: 22N BETRA4, 2014,
Leng Xiaochao. Study on the Combined Circle System of the
Solar and Biomass|[D]. Lanzhou: Lanzhou University of Technology,
2014.(in Chinese with English abstract)

[8] Wang R Z, Li M, Xu Y X, et al. An energy efficient hybrid

system of solar powered water heater and adsorption ice maker{J].



210 Al T4 (http://www.tcsae.org )

2016 4E

Solar Energy, 2000, 68(2): 189-195.
[9]  FEACH. — i iy [ 14 05 B =2 O B A 1 ¥4 266 LT, V2
1991(4):72-76.
ARG BFIER I, 45 0L R M AR B i PV NRLR
PHBEMRZ BRI REE[)). ) PER2%2%4, 2008, 33(3): 261-265.
Zheng Hongfei, Li Zhengliang, He Kaiyan, et al. Small solar

[10

[

adsorption refrigeration system with light guiding assemble
energy and high temperature phase change thermal storagel[J].
Journal of Guangxi University, 2008, 33(3): 261-265.(in Chinese
with English abstract)

[11] SV, Hil v B K B 44 (M. 8 26 « P8 ‘2638 18 2 H At
2002.

[12] BRUEAR, P95 KRN , 4. v 2R XV S FH RE XU R K WA
Hil& ZGMERE ST Al TRE2437,2011,27(2): 302-306.
Chen Hongjie, Lu Wei, Zheng Lixing, et al. Performance
analysis on a solar-powered air-cooled two-staged ejector
refrigeration system with water as refrigerant for cold store[J].
Transactions of the Chinese Society of Agricultural Engineering
(Transactions of the CSAE ), 2011, 27(2): 302-306.(in Chinese
with English abstract)

[13] XKL, XL 55, FRDLRE , 45, WERRH v R GE M MR BET T S22

PMERERFZE[)). (IR 55,2016, 44(1): 64-69.
Liu Enhai, Liu Shengyong, Zhou Guanghui, et al. Design and
study of heat transfer performance of new adsorbent bed about
solid adsorption refrigeration[]J]. Cryo & Supercond, 2016, 44
(1): 64-69.(in Chinese with English abstract)

[14] RUZEF, Fok, XN, 45 A SR be sk P B e+ ).
KIHEE2AH, 2010, 31(12): 1527-1531.

Liu Shengyong, Bai Bing, Liu Xiaoer, et al. Design and study of
biomass bales combustion boiler|J]. Acta Energiae Solaris Sinica,
2010, 31(12): 1527-1531.(in Chinese with English abstract)

[15] BXH5 , FRIeiEE , IREERE , 55, AR BUR B PO B 7 1) 1

THS I, TR AR K54, 2008, 42(1): 108-111.

Zhao Yingfang, Liang Xiaohui, Xu Guizhuan, et al. design and

experimental study of biomass briquette boiler[J]. Henan

Agricultural University, 2008, 42(1): 108—111.(in Chinese with

English abstract)

XMRELL, Fhte, 5k R AW B B b Ak ) BEAE RS

). A0l TR, 2006, 22(1): 138-141.

Liu Junhong, Wang Gehua, Zhang Bailiang. Reasonable thought

[16

—

on the industrialization of straw densification briquette fuel[J].
Transactions of the Chinese Society of Agricultural Engineering
(Transactions of the CSAE ), 2006, 22(1): 138-141.(in Chinese
with English abstract)

[17] RALGK , 24 e 9e s S5 A M. L st : EB7 Tl H b
#t,2007.

[18] XI5, EH, 11 VK, 55, FORFEFFEOE U IRHA B 51 77
0BT Ak TR 2=, 2011, 27(9): 287-292.
Liu Shengyong, Wang Yanling, Bai Bing, et al. Analysis on
combustion kinetics of corn stalk briquetting densification fuel[J].
Transactions of the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2011, 27 (9): 287-292.(in Chinese
with English abstract)

[19] XUZEHE , XN, £, 5. 1 B R b ORI
Al TREAAR ,2007,23(12): 100-104.

Liu Shengyong, Liu Xiaoer, Wang Sen, et al. Development of
model Il biomass briquette bioler[J]. Transactions of the Chinese
Society of Agricultural Engineering(Transactions of the CSAE),
2007, 23(12): 100-104.(in Chinese with English abstract)

[20] FHB, THESC, TR, 45 SFAROK FHABSE P Pk RE Rl
RV ). T R 22541, 2013, 27(3):293-297.
Lu Yu, Yu Hongwen, Ding Haicheng, et al. Mathematical
modeling and simulation of thermal properties of flat-plate solar
collector[]J]. Journal of University of Jinan, 2013, 27(3): 293 -
297.(in Chinese with English abstract)

[21] XUEEBE. KEHBEAR AR A REDT ST (D). 220 22 M B TR,
2014.
Liu Jianbo. A Research for the Thermal Performance of Solar
Collector[D]. Lanzhou: Lanzhou University of Technology, 2014.
(in Chinese with English abstract)

[22] RZH , T, A7 55-F K BHREAR A P REI 07 i 0F 5
HEJR[J]. K FHBB2-HE, 2009, 30(8): 1043-1048.
Hou Hongjuan, Wang Zhifeng, Yang Yongping, et al. Development
performance test methods for solar collector[]]. Acta Energiae
Solaris Sinica, 2009, 30(8): 1043-1048.(in Chinese with English
abstract)

[23] PIMRFIGE , R Ji . A FH REAE P Ptk B 2l 2 b5 ).
KBAAE 4, 2007, 28(11): 1194-1199.
Sun Zhifeng, Zheng Ruicheng. Studies on test methods for the
thermal performance of solar collectors under quasi-dynamic
conditions[J]. Acta Energiae Solaris Sinica, 2007, 28(11): 1194—
1199.(in Chinese with English abstract)

[24] JATESE. AP IBRE- K BH RIS v BOIE BCPERTFE[D]. KB«
TRAO R, 2010.
Zhou Hengtao. Study on the Suitability of Biomass Energy and
Solar Energy for Absorption Refrigeration System[D]. Zhengzhou:
Henan Agricultural University, 2010. (in Chinese with English
abstract)

[25] skAE RERE], BHEAE, 4 RINRE S LW B RERE S L RE R &E
HI R FWFSE D). IR 585, 2010, 38(9): 57-60.
Zhang Hua, Zhu Yuezhao, Liao chuanhua, et al. Application
study on coupling solar and biomass energy supply system|]].
Cryo & Supercond, 2010, 38(9): 57-60.(in Chinese with English
abstract)

[26] JEIME. KFHAE S A=W iR B AN AR IR R A 5T (D). JLat .
FEIRRZE R, 2014,
Zhou Peng. Study on Energy System with Hybrid Using of Solar
and Biomass Energy|D]. Beijing: University of Chinese academy
of Sciences, 2014.(in Chinese with English abstract)

[27) EPEJe, HEK BN, 5. A=W 5T AE— K BH AE FLAMEEIA 2
SR, Ak T4, 2012,28(19): 178-184.
Wang Zelong, Tan Yishui, Zhao Lixin, et al. Optimal design of
biomass-solar complementary heating system[J]. Transactions of
the Chinese Society of Agricultural Engineering( Transactions of
the CSAE), 2012, 28(19): 178-184.(in Chinese with English
abstract)

[28] XIRIEE, XL 55, oK, 45, FORFEFF TR e gl 11 A 45
R Aol TAR2#4% , 2013,29(24): 218-226.
Liu Enhai, Liu Shengyong, Bai Bing, et al. Development of

dynamic model of cornstalk bale combustion[J]. Transactions of



5513 4 X RBVEFSE R PHAE -5 A2 ) IR BRI 7 9K Sl I B 1 v R S 15 ek 23 #r 211

the Chinese Society of Agricultural Engineering( Transactions of Engineering (Transactions of the CSAE), 2005, 21(11): 133 -
the CSAE), 2013, 29(24): 218-226.(in Chinese with English 136.(in Chinese with English abstract)

abstract) [30] F2R3E, 2L, £ RED, 4. ALY s B Uk AR A B e

[29] XUZEHE 4, ARAEdE 55 RS FT ORI BRHER o it A v J FERATT S]], Al T RE24 412, 2006, 22(10): 182-185.

SIATAAR S 5 AT, Al TR, 2005, 21(11): 133~ Wang Cuiping, Li Dingkai, Wang Fengyin, et al. Experimental
136. study on the combustion characteristics of biomass pellets[]].
Liu Shengyong, Li Yin, Xu Guizhuan, et al. Experimental study Transactions of the Chinese Society of Agricultural Engineering
of gas concentration distribution in the hearth of straw briquette (Transactions of the CSAE), 2006, 22(10): 182-185.(in Chinese
boiler|[J]. Transactions of the Chinese Society of Agricultural with English abstract)

Suitability analysis of solar energy and biomass energy for adsorption
refrigeration system

Liu Enhai?, Liu Shengyong? Yu Tingting?
(1. School of Energy & Environment, Zhongyuan University of Technology, Zhengzhou 450007, China; 2. Key Laboratory of Renewable Energy,
Henan Agricultural University, Zhengzhou 450002, China; 3. School of Energy and Building Environment Engineering, Henan University of
Urban Construction, Pingdingshan 467036, China)

Abstract: Energy is an important material foundation for the current national accounts and social economic sustainable
development. With the continued rapid growth of social and economic development and energy demand, the environmental
pollution is worsening, so the development and use strategy of the alternatives to fossil fuels, such as solar energy and
biomass renewable energy, attracted more and more attention. Based on China’s rural industrial structure adjustment and
industrial model of development situation of farmers in the present, the suitability of biomass energy as an auxiliary energy
for solar energy adsorption refrigeration system was studied. An adsorption refrigeration experimental station was set up,
which was driven by solar energy and biomass energy for the study, and the matching suitability of energy coupling by 2
heat sources was experimentally studied. Whether biomass energy and solar energy matched or not had a greater impact on
the capacity of the system, reflecting that the cooling capacity of the system and the heat load of the end had the change
characteristics in the same direction. Biomass boilers and solar absorption refrigeration system combined with the actual
match drive and operation were analyzed. In this paper, we studied the biomass energy and solar energy suitability (coupling
process) problems by the system simulation and experimental testing. The operating conditions of series and parallel of dual
heat sources were dynamically simulated using the MATLAB software, and the nonlinear least square method was used for
data processing and analysis. The results showed that: when operating in series, according to the circulation under the mode
2 condition, the system could achieve better heat transfer; when it was in the parallel operation, by the research on the
energy supply by solar energy and biomass jointly, combined with the analysis of the cooling requirement and economic
operation mode of the end of the system, the optimum return flow distribution ratio for the energy supply jointly by solar and
biomass energy was in the range of 0.5-0.6, and 3 modes of economic operation suitable for the joint energy supply by dual
heat sources were proposed. The results can provide the reference for improving the stability of the refrigeration system
performance and achieving the effective integration of solar energy and biomass energy.

Keywords: solar energy; biomass; refrigeration; suitability; by-pass ratio; simulation



