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Honeycomb and Laminated Mesh as Open Volumetric Solar Receiver :
Performance of Heat Transfer and Pressure Drop

+ *
Ja Hyun Cho , Ju Han Lee, Kyung Mun Kang, Tae Beom Seo
Dept. of Mechanical Eng., Graduate School, Inha University, Incheon 402-751, Korea
‘Dept. of Mechanical Eng., Inha University, Incheon 402-751, Korea

(Received April 29, 2008, revision received October 6, 2008)

ABSTRACT: The characteristics of heat transfer and pressure drop of several different porous
materials which can be used as inserts inside solar volumetric air receivers were experimentally
investigated. Generally, porous materials were inserted into solar volumetric air receivers to
increase the thermal performance. In the present work, honeycomb (diameter: 100 mm, thickness:
30 mm), laminated mesh (diameter: 100 mm, thickness: 1 mm) are considered as the inserts
for the experiment. The experimental apparatus consists mainly of a cylindrical ceramic duct
as a receiver and an electric heater as an energy source. This system is an intake open loop,
which used as air of working fluid. The temperatures inside the ceramic tube are measured by
thermocouples, which are installed at each layer of the porous materials. The pressure-drop
experimental apparatus is fabricated alike the above experimental equipment. An acrylic tube is
used like as the ceramic tube, which has the same specifications of the ceramic tube. The
pressure drop of porous materials inserted in the acrylic tube is measured between front and
rear of those by transmitter. The results show that the laminated mesh surpasses the honeycomb
of heat ftransfer and pressure drop increase as the porous material thickness and Reynolds
number.

Key words: Solar tower(% HEF9]), Volumetric air receiver(¥7]4 &47]), Honeycomb(3 &),
Laminated mesh(Z &%)

s Moo a L SE 9 gy 24 Aolel Agl [mm]
G e kJ/ke - K]
A sH9 9E4 249 A4 (] ’ SHHIT ke
D coEAd 49 A% [mm)
Az A B WA [ny] 3
Dn P E719 A% [mml]
stz R o] urAlak :
t Corresponding author E ) T’]-o d 2 A [W/m]
Tel.: +82-32-874-7327; fax: +82-32-868-1716 F CBEAT
E-mail address: seotb@inha.ac.kr Ji 3| Ele] gt Al E [W/m']



12 Hgd 271y FF

Jz CuEA Bl oA E [W/nrl
L coEAd 49 74 [mm)
m c A% % [ke/s]
Q D EF7 98 g (W]
@ CTEA BdE AdEHE 29 (W]
r : 3lE Y WA E [mm]
re O3 EHY 9HAE [mm]

UD
Re : Reynolds %, — 21

14
AT 2= W3l [K]

aglAa 22X

&l D Bl E e WALg
& P OEA BAY ALE
P OEA EHe dAE 28 (%]
.M B

#H FuUlg YA A F7HEL AEA A
HE TEgE ouA 7IAA BREH AR HoF
o4 Bael oste] W AFHA AFAE M
oli itk oj& g AAIH FAtE vdR F
Wel oAl v AL el e et
Aak golAle A4S wolm Yok ¥ WE
o F&2H 9 duA 74 AF] BE I
9] AAAY A FF S FAA dvh
weba A duA] FEE FVHT ZEA
9l slAH o zA Agle] Hetghal HAGA ol
FHE Ad AR Fokd ok FX
o AT -l Fasith AL HIELERYH
1ol =2dle gidevize 1% &8st e
Z d AA YA '1'-8-2 749 5 Y7l dE
| B e HHPEE WA 5 Ae
A BAY ot HOlri 37he s

%l‘ﬂ o8 ©Ef¢ °ﬂ‘—ﬂxl-4 o] & Rote HE
2R, & 88 2x49 g HL(100T o8, F
9—(100 ~300C), Z2B00TC o) & Fofz
AlEdret, - 22 o]& Rokel »IHE Y4
= J% ™9y rlEEy Fxd g IF3HY,
Parabolic Dish¥®, PTC(Parabolic Trough Concen-
trator), CPC(Compound Parabolic Concentrator),
Solar Tower o] st}

EtlY 12 HYE A2"e F4 a4 F 8

e

b

N

—

"J

2
N
-

719 B4 Wkl e AT R FHF 45 Y 761

e n33d Eﬂ%m}oﬂﬁxle Aol

Ux g dA@stes Aot F57)d 3"

FEALN A& AeE) ﬂﬂ AEFHZE F
71, £%7], €89 Fol AHgEY. o F FE

#2714 &84 S H& ¥ gHeA AE

& 4 glo] 7] BANLE 29 5 A= 2H

ol gt} mEd R4 @ n¢ £ zxdd @

38 29 F %lzﬂ%, Ef fAC w8 25 #

#7)Be) &7 i 874

0| 7}%6}4“ Y Tueta®e an

3

f]

¢

At Buck et alYe 7]1&9 ¥4 F57) &
Zog Rury 2dI|E AX3}e oF FF
(dual receiver)® #tste] Alz=w AA &S
Y F AEE o, Fen et al®e F714
47 AGAR F Ao Foz FAE UY3A
#4393 Az 38F Adz A" dIHNEAS
Hlwdte], o]F Fxo YIFEHANA o 2
d7g Z&o] Jelve AL 24tk ¥ Fend
et al¥e 714 FF7)0 AgHE OFAY F5
9 AMEY F1FY 5EAE AR g g%
Jd d3 dde 2 4FAE 5HL A4¥Fes
ATEA olgt ol 2 HIEE Fr) FF

3]

FE 37
71l g APA, A AL A7 g
AgE L Ut

Fig. 1 Schematic of the experiment(Heat transfer).
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Table 1 Summary of experimental conditions

Thickness Coolant  Air
of porous flow flow

Fill -

material  rate rate

(mm) (L/min) (kg/s)

Layer 1. M Mesh 30 1.1 0.002
Layer 2. M Mesh 60 11 0.002
Layer 3. M Mesh 90 11 0.002
Layer 1. H Honeycomb 30 1.1 0.002
Layer 2. H Honeycomb 60 1.1 0.002
Layer 3. H Honeycomb 90 11 0.002

Fig. 3 Stainless steel mesh and metal honeycomb.
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Fig. 4 Thermocouple position.
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Table 2 Characteristic of honeycomb

Component materials of

| Fe-Cr-Al
support
Packed density 04~0.6
. 30,000~ 60,000
Space velocity (h-1)
Pressure drop 55 "1

1 pressure drop at 1.0 Nms of 200 C air.
space velocity : volume of flow fluid/honeycomb
volume.

Table 3 Characteristic of mesh

Component materials of

support Cr-Ni-C
Mesh 6 (mesh/inch)

Wire diameter 1.0 (mm)

space ratio 72 (%)

space ratio : total area/wire area.

&5 3719 2xwtg 2487 939 Fig. 4
o} ol F4v] gTRe BAl AHES M
Y Zol 2tz 379 K-type

dAd(model : TT-30)& HAse] 258 234

HHez @277 A9 FRe olgetel U
e duss s dAstar. gassle 4
FHARA EE AEsdon, FERAY 2%
AASA FANNI] A5l GLFEE o §

At

oy o

Transmitter

Valve

U

Blower

Fig. 5 Schematic of the experimental(pressure
drop).

212 =73 E

714 FF7A4 G5 RA d3HAERS F
#g o SAsE 4 FE S35 946 Fig.
5o} 22 HY AAE Az 4F¥ o2
4 e dIH4ELE A4YE F FFol 100~
570L/mZ 3R/ EAE Ad #9 g&EzsE &
Atk A4 A2k AF FAY 3717 4
58 MIZE BHE £ AT FYY Az
o 4g F3 dEs A8 AER ofmdW #e
dxd 54 Ao Aed Agd @3 2L 2
718 Zteoh B, ofad & YFelAMY fFES
dAQ3A eV Y3 okZE # 4T HHAE
R 3=

Re ol tigted thxAE2Y AT ¢Ya&E
A4A (model : cp 20008 o]-&3te] &As At

549 dHolHe dHeoly 3 A delH
279 8¢ Est9 sF34HT FAF FAd
719 RS YA thel X E AgEAsy
g &3 44k

22 dgZa x| U

48e FHssle 94 GFHEA A 2
4% wHol We 94g 188 Fov] A A
AsHel BEyRAnA deHs 43 o

g3 2ol Tt

a
e n A
R =r/a, Ry=r,/a oy
1+ R}
X=1+-— )
Ry
F]—zzé(x\'— X2—4(%1~)] (3)
By~ S

(4)




64 ZAY - o F

714 Fiov 83A 5 (View factor)ol™ r2
3E o] RERE, r,E THEAEHY] WA Folrt By

= dwgEds WA, o Le 60
gFAEAS #t 2 A El(radiosity) ol tl. 31 E 9
HAEL 0952 a2 Yehgled, ddE 051

~072, HUBL 049~0649) HAHEL AAH ¢
2 dedd 280 gE AEdA BBy B

A2 AYEHE Fd#Fo|y olue I EW
2= & 1050~1100°CelH, &7 FHe 2=+
326.8~371.8 °CHt}.

A Fy_ | =AF,_, (5)

A7NH, Fioe sk 2 pere
g8 7¥ & Ak

ABBAN S

e Edd zes A HalA It
de FE v 2ol A

n= Qo 100 [%] ¥
5]

71 FFte AS A A EAse
NEL F4UI2 RdIE HAUAE dAF
dIHAELS B3t 7Hed 22 4E JHEey
A2 ABAF= Aolth ol & 7t53dtA s/ 9
YA dF3dELdY dAG Ass FAAAT T
th o Are 434S FE%S VIELR JqUF
B s F oA FF FAEA dis] 30
mm, 60 mm 22|32 90 g T %

m
ol dal €AL & FHMT
1

ol 'IJrE

rok

oh'.
r-{n
_>c.
=
=t

<% 2E yehhz gu. layer 1 (thickness :
30mm)ol A E FUFe] wWHRY 3~9°C o &
2E=AE BHon, layer 2 (thickness : 60 mm)
A& 6~11°C, layer 3 (thickness : 90 mm)®l
Ae 15~22°C ¢ & 25371 2AsAY. 29
I 57 Wzle] wE 2T A= layer 13 layer 2
o] 2=&7F 30°CA WHH layer 2%} layer 3ol 4
o 2xxE 61°CE © & 2=42 By A
Aqez sUFug A7 o & 2548 2
Ao, UIFAFEAY FAV FAYEFE ¢
e 2Ea7 vEd A4S & 5 A ols 2
7o) fRlezeE Frieke AEAHH g AHA
AlZke]l ZolE & F Ut 44y gFHERAY

4+ VIeeR qUFS A7 AR} A=
AAA e 3 WPoze Fr9 oF ARE
P o] vde 7 AxEe 49

WEez AFHo UV WEdd 7199 A

A A7kl AoiAA Bt merA ole

94
% wHol o AN 2o] BE A Aol
# olfm AN ZE KA FA7 BAo)

215§ Beol F5% 4 Ao o ¥ 2EAE
zA ®td 283 Layer 2914 Layer 328 F
Ao W3l W AHeg & 2= ¥Hie F
Z Apololl A dolux e AAALZF e A B
TG ol o2 dFe TS doAN &
Ad q4E F7HA7]7] dEoln.

Fig. 72 3|HdA I EA7A ALxHe €

of W& }FTAEEY & -&(efficiency)E el

W Aole}, Layer 13 layer 2 EF FYFET
WAl 3~4% ¥ =2 §8& Roy, layer
MM = SUFH v A&Xol7l 5~7%=
et FA 9] Biste] g && o] layer 1
3} layer 2 Atol= 6~9%<2 ¥FA layer 29 layer
2 14~19%=2 ¢ 2 5A€A4E BRYY. 282
wHo 2 7t sYFRTG POAYL E74Es
Z7tste AL & 5 Ak oY F o]
gy Frket FEY BEadHLR <
"ol F7ME st gAY A4&F
HAYFH Ade AL 4 5 Uk

2171 743 Al layer 39 thEl o]
AUFTHE WH4E 543 FUY =g v xd
A3 o Zoltte] o £ 2= YT w4

2 o
o,
ol

o &= & Hed gkelth E}ﬂ*é%@g] 257
oF 320~370 C2 FUlste < 379 2&=
ok 190~340 C= %7}5}9\113}. 0]% Thomas et



2e HEE TV FF4719

ale) GEHEAT F7] 2ol LELE HolEo
A FAe exst BEHEY exd s
e A% A B

32 gty st Ay
AUF A4 F 7 ¥4 E2E 30mm, 60

mm 2832 90mme FAES %‘ ]‘ 17151\1 Q4
74ek BEA4E BA% d ot

A layer 1.H
< layer 2.0
Q layer 3.H
A layer 1.M
¢ layer 2.M
@ layer 3.M

160 |

[ R 3 JeRedd
[ X 3 ZoXel 4

2o} s 2% 2

AT [0C]

O 00
o
.. ® ® ®

L '} 1 1 1 1 A L 1
580 600 620 640 660 680
Power on aperture [wl

Fig. 6 Different Air Temp. with power on

aperture.

100 L

ce
®
[
O
(o] |

“l s 88

60

<o
D> > oe
e, 2

t»
o>

s}

Efficiency [%]

A layer 1.H
< layer 2.H
Q layer 3.H
A jayer 1.M
# layer 2M
@ layer 3.M

20%

[ X 2 e R
e »OOD>

0 " " . N N
580 600 620 640 660 630

Power on aperture [W]
Fig. 7 Receiver efficiency with power on

aperture.

F2A Wsto] we

ang ¢ FgPs 45 24 765

Fig. 9 Re o w& w4 sUFY ¢
£4¢ vedo g3HEE A wE 49
&22 Re 7} 1500~65002.2 W3le wf layer
13} layer 201 A& &Y Eo] wHrTh 12~57%,
layer 3914 & 20~62% ¢ & 4¥$£4E vl
Ak w3 I3 AdEde T4 W g g
Ao yFol wise Hls) ZY HIYHo=
GHEHo] BAGTHE AE ¢4 4 Ak

Fig. 10& 4437t 713 a4 YdojvkE Layer
39 el Re = W3l & 4HASF Wsls
vt o E ety Re 7 15009 ®Wl= H)&sh
GEAFE JeEtNA 2 Re 71 S7184E &
HAx7E FolXE AE & 4 U

4. & E

) AUET W4 BF =2gsts 939 54
7} z7}§}~ri A&l FUlslg ey, dFdA
B ¥ &&o] et M FAL 90mm
A e 9540%, HUFL 7437%= w7}
9 E& 588 v
(2) Re 9 W3 wg gIAHEIY AN
il WE ERsE A9 Re =9 F71o
wE ¥ FE Fol HUFo HWHARTG ©f =2
A Jetgt. FAY Re 7} 718 £ 90 mm,
Re 6500014 w4+ 46 Pa, U EL 57Pagl 7}
F & g¥AsE vehden, JUFd dHd &

400

AA
350} W
AA

g 300 o
- <
g_ BB

<
@ 250
- <

&
! M&
200
S

A A A Material temp.
O <> & Air outlet temp

150
580 600 620 640 660 680

Power on aperture [W]
Fig. 8 Comparison of material Temp. and air
Temp. with power on aperture.



766 ZRAE - o] F - BAE - AEy

60
A A Atayer1H o
O O Olayer2H ¢}
50k |O O Olayer3H O
A A Alayerim
- [® & ¢layer2Mm (o] ®
= ® ©® Olayerim
gw— © )
g | o] ® <o
L O
v %0 g .t
2 ° L0
B O
S o8
a 2 o} o o @ LA A
e ) . A A
Y ® 2 A A
0 o z * * . A A
A
! A
At T I
2500 4500 6500

Re
Fig. 9 Comparisons of the pressure loss with
Reynolds number.

0.3 A—A—A Honeycomb
O—6—0 Laminated Mesh
0.25 =
= 0.2 =
o
0.15 =4
0.1 =

| L L L
1500 2500 3500 4500 5500 6500
Re

Fig. 10 Comparisons of the friction factor with

Reynolds number.

T Gesst A¥Hoz Frheks Aol ve

W

7.

. Sandia National Laboratories, 1990, 10 MW

Solar Two Experimental Solar Facility, Five
miles E of Barstow, in Daggett.

. European Commission, 2007, European Re-

search on Concentrated Solar Thermal Energy,
Community research, pp. 26-39.

. Lu, W., Zhao, C. Y. and Tassou, S. A., 2006,

Thermal analysis on metal-foam filled heat
exchangers Part I : Metal-foam filled pipes,
International Journal of Heat and Mass
Transfer, Vol. 49, No. 15-16, pp. 2751-2761.

. Buck, R.,, Barth, C., Eck. M. and Stein-

mann, W.D. 2004, Dual receiver concept
for solar towers, Solar Energy, Vol. 80, No.
10, pp. 1249-1254.

. Fend, T., Hoffschmidt, B. Pitz-Paal, R.,

Reutter, O. and Riebrock, P., 2004, Porous
materials as open volumetric solar receivers:
Experimental determination of thermophys-—
ical and heat transfer properties, Energy,
Vol. 29, No. 5-6, pp. 823-833.

. Fend, T., Pitz-Paal, R., Reutter, O., Bauer,

J. and Hoffschmidt, B., 2004, Two novel high-
porosity matreials as volumetric receivers
for concentrated solar radiation, Solar Energy
Materials and Solar Cells, Vol. 84, No.1-4,
pp. 291-304.

Modest, M. F., 1993, Radiative heat transfer,
Mcgraw-Hill, NewYork, pp. 790-800.



