Fa1 BH2 ] #H fiE )| il T i Vol. 41, No. 2
2026 42 A JOURNAL OF ENGINEERING FOR THERMAL ENERGY AND POWER Feb. ,2025

SRS 1001 —2060(2026)02 —0190 - 07

BEEE -SIANENERARESEIEFETAR

Ji e TR MR
(L. HEE LR Tre T RESK, B2 5 IF 362700,
D BAELEAMFHAR KR ARFTELNE BELGCEARRKE L EHE A &M 350108;
3EBEIAY BAFMRESVHRERESREASLKRE BZE 1M 350118)

B B ARKRSAN R BRABIETRABE RN e REBEFT RSN AHET A NERKRE, ZAT $3L
AR BB R ARG, H AR BT m R BET eI us R Rk R EY G RE
K IARE AR F B R EARR RIS R E AR SRR FE R T, KT % F 005 iE 045615 RSB A
A SRR B R K AR AR AT AT T MBI R, BMEREN . 522 SRR B, EEA
REARE3I~10 s CAAN , RERABRAERZHS.8% ~11.2%;EHHF AR FEAD S ZHELE KM
IC Bk BT MR GREAN IS 3. 1% 38 mBET KA R LB R R ERILIR AR F LMY
HHTRABRMFEGRZ

X B8R KPHBE WA ; BRI 0 TR AR

FE 5 S . TK513.5 SCRKARIZAD . A DOI:10. 16146/j. cnki. mdlge. 2026. 02. 021

[ 51 AR ] e, B, di 5t e, B - 2L FOOUZ WA A (e BT E [ 1] #AE3h J) T8 ,2026,41(2)

190 - 196. ZHUANG Yanru, CHEN Xueqi, DAI Guilong. Conjugated heat transfer performances of porous solar absorber with quartz glass
multi-tubes[ J]. Journal of Engineering for Thermal Energy and Power,2026,41(2) ;190 - 196.

Conjugated Heat Transfer Performances of Porous Solar
Absorber with Quartz Glass Multi-tubes

ZHUANG Yanru', CHEN Xueqi’, DAI Guilong’

(1. School of Intelligent Construction Engineering, Minnan University of Science and Technology, Shishi, China, Post Code: 362700;
2. Fujian Provincial Key Laboratory of Green Building, Fujian Academy of Building Research Co. , Ltd. , Fuzhou, China,
Post Code: 350108 ; 3. Key Laboratory of New Energy and Energy-saving in Building, Fujian University of Technology,
Fuzhou, China, Post Code: 350118)

Abstract; A double-layer solar absorber consisting of quartz glass multi-tubes and a porous medium was
proposed to reduce re-radiation loss and realize the step-type increase in absorption coefficient of a porous
absorbers. The solar absorber recovered part of the infrared thermal radiation loss through a quartz glass
multi-tubes, while homogenizing the non-uniform concentrated solar heat flux density to reduce the peak
temperature of heat absorption, improving heat absorption efficiency and safety. The concentrated solar
thermal conversion characteristics of a double-layer solar absorber were simulated and studied based on
coupled heat transfer numerical model verified through experiments. Results indicate that the thermal effi-
ciency of the double-layer porous solar absorber is approximately 5.8% to 11.2% higher than that of the

monolayer porous absorber when the air mass flow rate varies from 3 to 10 g/s. Since the double-layer de-
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sign is more suitable for Gaussian-shaped concentrated solar flux, the thermal efficiency at a non-uniform

velocity inlet is about 3. 1% higher than that at a uniform velocity inlet. Additionally, the thermal effi-

ciency increases with longer quartz glass multi-tubes but decreases with thicker tube walls and larger pore

diameters.

Key words: solar energy; solar absorber; radiation transfer; convection heat transfer; thermal efficiency
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Fig. 1 Heat transfer model of double-layer absorber

1.2 WREERAEREE

e ST A B LA A5 A, SR U TR
PR EAPRRIABON EE S TRR iR, £
FLIR G 55 0 R O A% 8 R FH Ry 31 AR 411 Ay

(Local Thermal Non-equilibrium , LTNE ) {144 £ 24
B IR RN T B 4 S Z LA T AL BR 2
B, A AR BT 5 %o i | AR S v e T3
HAGIANEBE , 7EORUET TSRS BE 1 [m] I SHe B 32008
ET 0T ARG R R I

(1) BRI, HXT A G I K P4 5
B A AT A1 S Y g v S ST e

(2) TIRHNZS, ALY S A% RN K
Atk LB R | I AR BIORT 266 B A AR M e L
Bk

(3) BB 5 2N H i, AN R
fish 1 BHL 5 W A 25 0 R A 2% T A DR IR 2 W A2 4 AR
1%

FF LTNE 3t sl & 24 A i) 42 il O A4 435 I o
SPAE SR AR [ A B B e D R, B
FeR LSOk [ 7 - 81, 3 A2 TR R A 7 ] 4% 35
AR AR TR SR s il A O R BEDGS Z AL ik
BRI SRR X B B A HEA T A, B S A A
PR 2R h

S, =S, +S,
1.2.1 KGR

AGR BB ST L g, TP AR AL v 307 22
e[S R B TR S W

Gun = Ayexp( =A%)

(1)

(2)
RBAEAERUZ W A8 (B EE 5 2L )
A RS SR S AT S AR T O R TSR R I A
(Monte Carlo Method , MCM ) B i, L4450t
RIS C B, AT AR 305§ S ROT R R
BAEARIR S, R

Ng
Bl,sunNa,l,iel

Ssgr,i = ; AVi (3)

RS T IR Z LA TR H S S B S, 0
B 528 (3) L, BRGSO 1], B4 R
FAR,

1.2.2 WEABHIOHGER

PO X TR AR 15 A S A B e it

0. WILLA, Rt

NR

n = ( 2 My (NX,j) Cp,f(NX ) Tf,(NX,j)
i=1

- mfcp,fU Tﬂ) ) X

100%/Q., (4)



2

JEFEUN 55  BOR A - 2L BOSUZR IR RE & 14 PR T TE - 193

1.3 SANREHRIER

Z LA T R PR S S R0 T S 5 o
P IS 0 K P AR S A BRI T B SR B — B, TR A
FESE MO SCHR 11 ], AR

ZALA T BB A TR AR R BUE R 4L
KA Xia 25 AR I A2 05 B

h, = 0.34\,¢’d’Re’ " Pri” (5)

ZLA TREEDE R KL B i Cunsolo 458 A HEXE )
AR HD

B =3.09V1-¢sd, (6)
1.4 #RlREEE

BEIRAEAEE HA S0bE T, SR F 3 B R R AE A
PP B YT S R AR B SRS . Bk
ferEZ AL 5 23 3T A SE Rl FA ) v LR 56 STk
[10,14], BhAbfE LA BAFLBR E AR FIAL B 535
B3 mm F10.9, AGFTRBEGHNGE 2N AML. S,
1.5 HREH

SR P — A4 S s RT3 SR BB A TR )
RS BARR R QMBI

N Np

Or. = 2 24KkaBZ,TkFl,k~>oo(T: - T:) +

I=1 k=1
Ng Ny

> X4k, VB, Fo, . (T) T (7)

I=1 m=1

1.6 BUEEIAER &G

RSy R DI N W RS T SR ST S UR S|
BEEN 1.0 mm, MAKECH 50 x100, ZRE00F, B4
TE AT ARAS RS BN A . R R A B RO R
FHAR A B3R A, 45 1 A 1) 85 1SR R B afl XL
Fex, THE LUAE 5 7 B WCBIORS B Dl o, Bk 25 e
1072 ZEBLLR BHAR ST FIZL AR S B, S 3t
SRR AN S B TR B K O B
107, OO AR BR B D B8R 107, BRI B 1 L S
BRL15]

PEEERERE 2.0 mm (AN 2k, W24 53 5
4 6,14,22,30,38 F1 46 mm) , 432 B4 (1) BE
JEFK YA 2 120 mm, BRALEEZFLATRRER
50 mm,JEEH 80 mm ( Z AL IS i 4 HoAr [
A RE ZFLA B AR ) o T A I 5 i o
3.0 o/s, BN 300 K, MRAE (1), iHHEAEIA
SORPARER Q, 41 840 W,

2 SCIRIEIE

2.1 MEFR

MUZ WG LI E 2 FiR, FEEH
15 B EA GE RSN SRR ) (i flE 2
FUBPRL NGBS M7 LA B Tt v T O A 4

P EE B AL ik Z AL R JLAT 2540 S5 45540
IR E — 2 NSO 1.6 T, o ikfbrE 2
LM R B4R A 100 mm, B R 20 mm, 1A
BHTER N BN 101 mm, BEJEH 5 mm, RSk
2PN EAAR 90 mm, JMELAR K 110 mm, T [ & 07
T A e 2 LA TR ARG

2 WERAZR XN

Fig.2 Experimental sample of double-layer absorber
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Fig. 3 Test platforms of high-temperature absorber

S IART , B2 AL T (FR 2 2 LA J5) il
XUZZ2 LA T A 1 R BH G A S T 21 A1 B %
WK 4 iR (ZERERE N S o/s, KGRI
RLAH 1840 W),

(a) H)Z

(b) BUZ
B4 BEFMPERAIROAERNFEIINGEE

Fig. 4 Infrared temperature images on sunlight incidence

surface of mono-and double-layer absorbers
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Fig. 5 Verification of heat transfer model
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Fig. 6 Temperature profiles in solid and fluid domains

of double-layer absorber
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thermal efficiency

3.3 SHMSETREENEN
Z AL RIS 45 1 254 S50 PR )5
W AN 8 7 o

ZAAN R

LB AR
poe
s | v
# KE
i

ﬁ%ﬁﬁé‘ RIS NI

BEJE
A BB jn=61.21% g ‘
50 55 60 65 70 75
PR /1%

8 SR ARMRMERN
Fig. 8 Effect of structural parameters on thermal

efficiency of absorber



- 196 - o mE

8 o T

2026 4

8 W LA, MALBR EAAH 4 mm /N E
2 mm B, LR 70. 44% 84 K3 73.25% . X &
B PRA Z2FLA JT R AL FA0i: 5 i 2 FL R LA R
/NIRG8O 2 22 FLAY o Tl BE R AR, 21 MR S 44
PR/, (HFLBR AR AN RE A /DN, 75 00 [ A SR 2
Ui, 5y kA mRAL SRR IS L

Bt R B B A A ] LA RS 2ok [ 2L
A TR LT A 3R S, 28 10 4 T U)W B2 A%
R i B B A BE JRL | S5 ¥ R BRI i S R | &
AR T,

3 2 X L B2 OB I B T DAk B, L)
RES ) ORI AR (61, 21% ) 4 & T
10.5% . XEIRE PIEEE M T 29 27% (10.5% /
(1.0 -61.21% ) ) B Z LA LA MNAERESK

4 4 &

(1) F T 3 3 2 50 W] A A0 a6 S R4
K, WZM MR EHETIRZRSGY
10.5% .,

(2) S5 A DM, RS L RLAE Y 5)
HEEA F A ASORE R 2 3. 1%

(3) ZEHISEARAL Ty TH Wl N3 3 4 4 e SR
ZAL BUALBR B AR, IR S B s K 1
AT mRRRRE,

SE Lk

[1] HE Yaling,DU Shen,SHEN Sheng. Advances in porous volumetric
solar receivers and enhancement of volumetric absorption[ J]. En-
ergy Reviews,2023,2(3) :100035.

[2] NI Xuewei, LIU Bingxin, FENG Hao, et al. Volumetric solar carbon
dioxide receiver designs with geometric parameters optimized in
combination [ J ]. Applied Thermal Engineering, 2024, 236
121579.

[3] SHARMA S,TALUKDAR P. Thermo-mechanical performance en-
hancement of volumetric solar receivers using graded porous ab-
sorbers[ J |. Energy,2024,304 .132070.

[4] AVILA-MARIN A L,FERNANDEZ-RECHE J,MARTINEZ-TARI-
FA A. Modelling strategies for porous structures as solar receivers
in central receiver systems: A review[ J ]. Renewable and Sustain-
able Energy Reviews,2019 .15 -33.

[5] DU Shen,HE Yaling, LI Dong, et al. Parametric analysis of empiri-

cal parameters and solar radiation uniformity on the thermal perfor-

(7]

[9]

[10]

[11]

[12]

[14]

[15]

mance of porous volumetric solar receivers[ J]. Solar Energy Mate-
rials and Solar Cells,2025,282 :113454.
ZHANG Weichen, LI Qing, QIU Yu. Design and optimization of a
solar-driven methane dry reforming reactor by developing an opti-
cal-thermal-chemical model [ J ]. Chemical Engineering Journal,
2024 ,483 :149094.
FEND T,HOFFSHMIDT B, PITZ-PAAL R, et al. Porous materials
as open volumetric solar receivers - Experimental determination of
thermophysical and heat transfer properties[ J]. Energy,2004,29 .
823 —833.
ROLDAN M I, SMIRNOVA O,FEND T, et al. Thermal analysis
and design of a volumetric solar absorber depending on the porosi-
ty[ J]. Renewable Energy,2014,62.116 - 128.
AVILA-MARIN A L. CFD parametric analysis of wire meshes open
volumetric receivers with axial-varied porosity and comparison with
small-scale solar receiver tests[ J]. Renewable Energy,2022,193.
1094 -1105.
WS A R L, 4. X2 G R 4 K BHOL I 43
ATFEPERTE[ )], K PAREA41:,2021 ,42(4) 328 - 333,
DAI Guilong, XUE Xinjie, CHEN Xueqi, et al. Absorption distri-
bution performances of double layer absorber for concentrated so-
lar light [ J]. Acta Energiae Solaris Sinica, 2021, 42 (4 ).
328 -333.
PR UL SUZRMERGE R B RE P R PERT ST [ D] AR . A
T RE2BE 2021,
CHEN Xueqi. Study on solar thermal conversion characteristics of
double-layer heat absorption core[ D ]. Fuzhou: Fujian University
of Technology,2021.
XIA Xinlin, CHEN Xue, SUN Chuang, et al. Experiment on the
convective heat transfer from airflow to skeleton in open-cell por-
ous foams[ J]. International Journal of Heat and Mass Transfer,
2017,106:83 -90.
CUNSOLO S,COQUARD R,BAILLIS D, et al. Radiative proper-
ties of irregular open cell solid foams[ J]. International Journal of
Thermal Sciences,2017,17 .77 - 89.
DAI Guilong, LIU Yishuo, XIANG Tao, et al. Thermal perform-
ance enhancement in porous solar receiver with a bionic petal-
shaped quartz glass annular tube [ J]. Energy Conversion and
Management ,2025,342:120111.
Wty , R, £#T. AL - 2L FORHREM AR
A AR E[ 1] . KB BEA41 ,2025 ,46 (1) ;704 -709.
DAI Guilong, CHEN Xueqi, WANG Xiaoyu. Combined heat trans-
fer performances of volumetric solar absorber with quartz glass
perforated plates[ J]. Acta Energiae Solaris Sinica,2025,46(1) .
704 -709.

(X #M )



