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B dFdMe O3 BAE o] &5 378 B4 E FE71(Solar Air Heater) o] 2A1&
A ol&7 HAE 3Pt HAA Fod |l Qi 2 dF3A ol AR &
EALE-A & Visible Spectrometer 2 FT-IRZ &4 39} o34 w2 2 15 W4 9] Stain-
less Steel Wire Screens 322 3t¥th €39 YL 1AY 28 7HA 3L, dE8AE
Two-Flux Model & AHE-31, o8] A 99 §3F L BAF Ao g " E7] i FolA ¢
T7LE 2 O3y WA 2T & AlEtY old @& JAre B& 52 AXEATL
A2 F39 HJE A¥o] H A7t £2 BAISAS B, FUIRF] 712
T5, 9 E(Albedo)© 7HFA oM ASTFE, HYL X EFF £
2719 &L F7hstd k. hEA w2 9] T 0.001m7F A #eHE B £ E7lA
ol %384 4 (Optical Thickness)7} ¢F 1 AEE 2olv| 3},

ABSTRACT

A theoretical study is conducted for the design of solar air heaters using porous mate-
rial. Radiative characteristics of glazing and porous absorbing media are found through
spectral transmittances measured by the Visible spectrometer and the FT-IR. Using those
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characteristics the efficiencies of collectors are calculated one-dimensionally with the
use of the Two-Flux radiation model. The efficiencies increase, as the air flow rates
or albedos in the visible range increase, and as albedos in the IR range decrease. The
optimum thickness of the porous medium of 15-mesh stainless steel wire screens is

0.001m, which represents the opacity of one.

Nomenclature

:r,:gmo..‘?c-mb

M T a3z g e

. Surface area or Absorptance

. Incident radiation energy flux

. Backscattering fraction factor

. Specific heat of air

. Thickness

. Emittance

. Thickness of glass window

. Convective heat transfer coeffient
VA |

. Thermal conductivity

. Porous matnx thickness

. Air flow rate

. Complex refractive index

. Real part of complex refractive index
. Radiant heat flux

. Reflectance

. Temperature

. Transmittance coefficient

. Velocity

. Coordinate in the x-direction

Greek letters

a &€ © d >
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. Wavelength

. Transmittance

. Density

. Backscattering albedo

. Stefan-Boltzmann constant, absorption or
scattering coefficient

Superscripts

+,— . Inward and outward radiation

Subscripts

a . Air or absorption
¢ . Gap between the 2nd window and the po-
rous matrix
- Exit
. Gap between the 1st and 2nd windows
. Infrared range
. Inlet
ins . Insulation
. Leaving
. Outlet or outgoing
. Porous matrix
. Scattering
. Visible range
. Windows
. Top glass window cover
. Lower glass window cover
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2 X748 3 (geothermal engineering) Il A} ‘&
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Bl 2 AL 9adAA|, 29® FX Y A
A7), AAAY], HA3 Fx], AAE HEE
AE7), A2 =4 T BEAF Fololl 2A,
SE A (active) ALY duP == 94E
A 24 de] ol 8=, E3 o] ASH I
85 93l B2 =go] JFHA 3. 0|9
Aoz B AF9AME Fig 13 22 o34
E3E& o] 83 AAHY fIFE HE7IAMY ¢
A 4L oldsty, 1AL HIFE JE7]
o] 483l 93 HdAV|e 8 2 7|xA=R
5o 1 ERE FaAYh

SOLAR INCIDENCE

* * * DOUBLE-PANE WINDOW

i ’/ }

COLD AIR |

HOT AIR

Fig. 1 Schematic diagram of the porous matrix
solar collector
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Hi1 N=n+ikK

(a)

(b) I

Fig. 2 (a) window glass cover (b) porous matrix made of wire screens

3 A48 L35Gt} Figure 2(a) oA B
A1 v 54 H B4 248 N(=n+ik) 9
P FEHAFE

= AN eXp(“ii—n H) (1)
D fexp(~ZNH) ¢ exp(iZZNED)]

°o|i, 4714 r=(1-N)/Q+N)°lt}. 19, ¥
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[

&2
=t t* (2)
ot} J7|A ( )*e FY BEAFE v

47 WH9 odIA vWEE=E 15mesh]
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B, 9, B, 4,
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R,T,E, WINDOW1 R, T,E,
Wy da,, U g da
R, T, E, WINDOW2 R, T, E,

L q:+ *q; POROUS MATRIX Q’,+ fq‘,

R R

v,ins A, ins
INSULATION

Fig. 3 Radiative heat fluxes in the porous solar
collector

£} ko] 4 %] (Solar Energy) Vol. 13, No. 2~3, 1993



054 E4E o] 8¢ 3718 HYE HE718 A E AT 12 A7/ HE3} 9

_a(0) tR.+Bx,

O 1-R%, (6)
_BaRtq.(0) t

G 1-R, (7)

q(0)=q,;(0) R.+qut (8)

o]x1, &M (infrared) P GAA =

qQu— BRi+ Q2T +6TuE: 9)
— ((11—(0) TG e El) Rit Bt oTwEr

q“ 1-K (10)
— (Bl Tt 0’[‘11 E() R1+ e (0) T.'1+ GT:,Q E;

Gz 1-R? (11)

QI+ 0)= Qf(O) Ri+ quti+ 6TiEx (12)

otk FERA 1994 A nEAE

hwm (Tao __ Twl) + hwg(TWZ T Twl) + Bv + BI +
gt Jez= qQw +qut qu + qn (13)

oj, 2B 2019 A EEHL

hwg(Twl - Tw2) + hwc(Taj - TwZ) + gw + dn + qK 0) +
QI(O) - QV2+ Q12+ qJ(O) q? (0) (14)

olt. felWA 29 THF4 matrix AtololA 2
ol e A REA L

hwc(Tw2 - Tai) = panaUa(Tao — Tai) ( 15)

o3, T THARFOIA F7]o) that ol
REHL

0.C..U %: hA, (T,~T.) (16)

b g O34 wlde) g oux mENe

B} ol 4 R](Solar Energy) Vol. 13, No. 2~3, 1993

hoA(T.—T,) =40.0Ti—20.(qi*q) —
20.{q:+qv (17)

olt}, T} A matrix o} AT GLH AJo]of A8
F710] dE A HEHLE

hpi[Tins T Ta(L) :I - panaUa I:Tae - Ta(L) ] (18)
ole], wrddol Nl oiix HEAL

hpl[Ta(L) - Tms] + QI(L) + qi(L) + hins (Tm “ Tms)
- q;(L) Ri et oTe(1-Ry ) + qJ(L) Ry, ins (19)

olty, thEAuid WA FANUIR Y Aed
A4 TWO—Flux 2d& AHE-sHA

Q0 = 64 G=2how g+ 204 OT+2bow g (20)

dx
_dfxi :_20'31 qf—zmsl q1_+2031 OT;‘|'2b031 (11+ (21)
%:_ = =20 G 2bos ¢ 2bow Qv (22)

—%qu = =20 200w gt 2bos g (23)
7t Eoh G714 A(16) 9 g AAZRUE
T.(0)=T. (24)

oli, 4] (20)—(23)°] W3 BAZHL

o 8

qIJ(O):EIU'I‘:rz"}- QI(O) [R1+ II_RII{% ]

+ G’I“szl RI Tt Blﬁ + D’I‘?vl En
1—R? (25)

qJ(L) =E 0T T (1 —E, ins) QIJ( L) (26)

T R ] +th3

0 =q(0 [R+ 1—R -k
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Figure 49141& 57171 Z 1.98mm(2t), 2.83mm
(3t), 487mm(5)¢! A #A (3= #+8(F) Han-
lite-Clear Glass)®] 7HABA d93 HJHd o
Ao o) g FH(ES HAFH FHT

S 7] Y3t A8 F43) a3l g R
A9l & veh ot A9} (ultraviolet) 9L
gAte] 03um b F2 A e Ao T3
1A E3l¥en 1 ¥ AL 45
7HN B GGolMe ¢F 90% B o2t
olm 7}A)1FH FHAMY HEHE S 05
umZ AEsIAY. £3, A G = oA
22um A 22um7tA1 9] F3E-S BAFH, o7
Aol Wske agolA YEhRol 27um7t A=

100
-z

T 80 5=
O
Zz 60 - GLASS
<< | THICKNESS
E [mm]
= 40 .
= 1.98 (21)
T
= 20 - 2.83 (3Y)

‘ 4.87 (51)

0 4 I et
| 1 10

WAVE LENGTH A [um]

Fig. 4 Spectral transmittances of the incident
radiation for various thicknesses of glass
panes(solid lines: measured: dashed lines
. interpolated)

k3] W3leitiy) o) Fed s 4.3um 7t
A Bgo] 50% o3 & o|FL 3o
o] 449 WEHE HFL 325um=z AT
B} 43um °)FHEE T80 A 09 77k
gt o] agolA A 0.65um °]F ZHABRA
g Gl A F7 4.87mm vaA Fa-&0] 57 2.83
mme {FIBRT Ze olf= W THHEHRE
Evgo] AFE 3] rﬂi%owi dogo A+
thdo|th AXe B Ao AR E Z3FR 7}
2% F Qe & HAAH Fg9o]7ld BIHEHA
t}.

3% 03~2.73um 77 05ume) %kol i
goid, A (D€ o] 83tH B4 28&2 n=1
257, k=8258X1077°]3L ENFFMq rHﬂ 3
B AV F=0970|c} 94 2.73~4.26um T3
325umE ¥ IchH n=1332, k=1072X10"*
oli, F=003°]t}. 33 426um °]F JFAAM =
=001, E=092, R=007 & 7}33}¥th

Ad7) Wl t2A A 2= 15-mesh?] stain-
less steel wire screens A& A AAA AL8-3
9&1:}. Agded] XAAZYE AFHE wired] 3

& d=029mmo|3, 3¢ Black Coating%
73 —‘?—t 0.32mm, Selective Coating(Thurmalox So-
lar Collector Coating - 250 Selective Black, A,=0.

80
60 ~
NO. OFSCREEN

g SHEETS
‘lg 1
> 40
- - '
2 20 | -
s S

0 —

A | 100
WAVE LENGTH A [uml
Fig. 5 Spectral transmittances of the incident
radiation for various numbers of wire
screen sheets(solid lines : measured ;
dashed lines : interpolated)
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96, E:=042) 2] 7% 0.31mm®] t}. Figure 59 A+
38 FHAEE 15mesh®] wire screen¢] 1—4
2 AA B, 4 AR 999 HgH o
o9 3o @& FHEE HAFEo UV—visible
Bl Ao Wl o] & 022umNA F34
2 345 7AFA FGd N HYE o
i1 9hgbs) ZHagid. ojuol wire screend] %
77t BotAd we} B o] #AAFTE
¢ T At A7IM BAHeE YIRS Bt
AT olgEe SAHE FHE&H 2(3) & 9
831 Table 19] 25 A} 714 7}HA| B4
FHAAME 05um, A FHAXE= 125ume
2 EIATE o A JHAY ZEAT A=
ARkEQd 213 A 3lA Spray guns
ALE-3H

Table 1. Absorption and backscattering coefficients of
surface treated porous matrix.

EWA non- F3Y | seletive |
coating | paint coating | coating
d{mm] 029 0.32 031
05um O 175 833 625
71E bos 561 1 100
Wy 0.996 0.001 0.137
12.5um Gal 749 261 853
7\E boq 1 1162 097
[O) 0.001 0.816 0.001

Al F4- 1 (Selective Coating) 2|8 735
7} EHAEIE otE ASHT RSB FY
A= albedo(w,=bo./(bo.+6.)) 7} Zon} A4
4 GGl M= albedo7t A Z}ol7t glo} B A+
3 O34 vl AHERAE §E3
HolX& ¥t} 18y 29 paint=£9] BH
29 ZAgole Tt AaEHRYS B
wetx] F 7)ol thgh o] 23 A Ao F-BE paint
EUAE Y ARE o] L3}H.

g3 Aduf A FA 2 F7) f3F) U3 &0
Fig. 6o Yeh oo}, #r%o] 71 &5 580
Z7hled), ol AL @A A S, hot 3l whel
Z7H8ka vide] 2x7) RolHqA AgM g
off M o] WAL A7} A7) wiEoleh v
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Fig. 6 Efficiencies for various air flow rates with
respect to porous matrix thicknesses.(d :
double pane; s : single pane window)
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Fig. 7 Air and matrix temperature distributions
inside the porous matrix of thickness L
=0.005m
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Fig. 639 vjn2x: & 4 Qo
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AALFH [ GV E&79 BAE Fig 8014 B
Fi Utk 97N YAl FUHEE AEE
F7HeS BRAEY, dAMEC] 100W/m*ellA 250
W/m? 374K E&0] 8453 o= YAt
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0.7 -
= 06
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Fig. 8 Collector efficiencies for various air flow
rates with respect to solar insolations.
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Figure 9ol A< T3 A4 A o] 57 2 7HA 34
d o 9] albedo, .2 kol 0.0, 0.3, 0.6, 9L
89 M3lE BojF 1 9ot Albedo’t ASFE,
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wel 3978 £&0] F718S B Albedo’}
092 A9+ 238 FA wEld A
Holed ol WALgo] FHd ue F7}3}7]
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Fig. 9 Collector efficiencies for various visible
range albedos with respect to matrix
thicknesses.
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Fig. 10 Collector efficiencies for various IR range
| albedos with respect to matrix
thicknesses
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Fig. 11 Temperature differences(T,—Ta) distribu~

tions for various internal convection factors

inside the porous matrix of thickness
L=0.005m

TEMPERATURE DIFFERENCE
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Fig. 12 Temperature drops(T.—T..) for various
air flow rates with respect to porous
matrix thicknesses.
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freezing times but little effect on the these quantities at longer times. On the amount of frozen
mass, lintial liquid superheating is less affected than tube wall subcooling.

Study on the Thermal Storage Characteristics of Phase Cha-
nge Materials for Greenhouse Heating

Song, Hyun-Kap* * Ryou, Young-Sun* ‘- Kim, Young-Bok**
*Dept. of Agricultural Machinery Engineering, Chung-Buk National University
**Dept. of Agricultural Machinery Engineering, Kyung-Sang National University

An overdose of fossil fuel for greenhouse heating causes not only the high cost and low qua-
lity of agricultural products, but also the environmental pollution of farm village. To solve these
problems it is desirable to maximize the solar energy utilization for the heating of greenhouse
in winter season.

In this study phase change materials were selected to store solar energy concentratively for
heating the greenhouse and their characteristics of thermal energy storage were analyzed. The
results were summarized as follows.

The organic CzHs, and the inorganic CH3COONa * 3H20 and Na:SO+ + 10H20 were selected as low
temperature latent heat storage matenials. The equation of critical radius was derived to define the ge-
nerating mechanism of the maximum latent heat of phase change materials. The melting point of CzHs
was 62C, and the latent heat was 50.0~52.0kcal/kg The specific heat of liquid and solid phase was 05
4~0.69%kcal/kgC and 057~0.75kcal/kgC respectively. The melting point of CH3SCOONa * 3H20 was 61~
62C, the latent heat was 64.9~65.8 kcal/kg and the specific heat of liquid and solid phase was
respectively 0.83 kcal/kgC and 0.51~0.52 kcal/kgC. The melting point of NaSO+ + 10H20 was 30~
309C, the latent heat was 53.0 kcal/kg and the specific heat of liquid and solid phase was res-
pectively 0.78~0.89 kcal/kgC and 050~0.70 kcal/kgC When the urea of 21.85% was added to co-
ntrol the melting point of Na2S0O+ + 10H20 and the phase change cycles were repeated from 0O to 600,
the melting point was 16.7~160C and the latent heat was 36.0~28.0 kcal/kgC.

A Theoretical Study for the Design of Solar Air Heaters
Using Porous Material

Yong-Ha Hwang® * Seung-ho Park*" ‘- Jong-Eok Kim**

Department of Thermal Engineering, National Chung ju University
Départment of Mechanical Engineering, Hong-Ik University
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A theoretical study is conducted for the design of solar air heaters using porous material. Radiative
characteristics of glazing and porous absorbing media are found through spectral transmittances measu-
red by the Visible spectrometer and the FT-IR. Using those characteristics the efficiencies of collectors
are calculated one-dimensionally with the use of the Two-Flux radiation model. The efficiencies inc-
rease, as the air flow rates or albedos in the visible range increase, and as albedos in the IR range

decrease. The optimum thickness of the porous medium of 15-mesh stainless steel wire screens is
0.001m, which represents the opacity of one.

An experimental study on heat transfer

augmentation in fluidized bed heat exchanger

Yoo, Ji-Oh* Seo, Jeong-Yun™~

Inha Univ. Graduate School
Itha Univ.

The purpose of this study was to investigate the enhancement of heat transfer coefficient in double
pipe fluidized bed heat exchangers. The inner tube used a smooth tube and a finned tube equipped
with longitudinal fins. The heat transfer coefficients between the heated tube and fluidized bed of
alumina beads were calculated as a function of fluidized velocity in various particle sizes(d,=0.41,
0.54, 0.65, 0.77mm) and static bed heights(H,=50, 100, 150, 200, 250mm).

The coefficient for finned tube is higher than for smooth tube. And the maximum increasing rate
is 7.8 times in smooth tube and 12.9 times in finned tube.
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This paper is to refine the concept of utilizing natural energy, and to introduce new technologies
of building energy control. For the global environment protection, it is essential to turn attention
to latent capacity of natural renewable energy. Especially the concept of ‘Environmental Architecture’
is very important from this viewpoint. This paper reviews many of new technologies for environmental
architecture developed recently . TIM, high effective solar radiation control strategy of glazing, new
passive cooling and heating system etc. The design application of the technology has been introduced.
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