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A Study of Parametric Effects on the Thermal Performance
of Flat-Plate Liquid-Heating Solar Collectors

M. H. Chun, S. B. Yoon, G. M. Choo
Abstract

In the present work, a computer simulation is performed employing Hottel-Whillier-Bliss model
for thermal performance of solar collectors. The major collector parameters examined in the
computer simulation are: number of transparent glass covers (), thermal emissivity of the
absorbing plate surface (e,), absorptivity of absorber plate (a,), flow rate per unit area of
collector (G), Ly/ks of insulation material, tilt angle of collector (S), and solar insolation (I).
By varying numerical values of the major collector parameters around their typical values, the
corresponding variations in thermal efficiency curves are examined.

In addition, an experimental investigation has been carried out with a slightly modified
KAIST collector test loop under a real sun condition in order to compare with the simulationA
results, examine the applicability of the mathematical model of the collector thermal performance,

and study the effect of variation of flow rate (G) on thermal efficiency and the range of
optimum flow rate.

71 & M H F 134y AEEd ag Ag

A :RdRe g Fr 4 ()2 A% Jdr] 9444 A%
Ar 1498 "yl foi4 (da)z HY A A
C 4 ¢db)z Foid AF A% G Ry k4] RADe G
Co i AERE &3 Aol A dAEE he (R Gy PultendE drm 52% dFd
Cy  :ADRAY ¥ A A%
D :RAY gL Yl AT he  iulghel ddl Ads] WA fEERE 3E2E
D, I Y A 9= A
¢ 14 o)z Folx AY A I ;o) apgk

* H34, eIl ed A3} kEoooiAdRe dAEs

* AL, A FYATAG B :RdAe dAEs

A, R AAFYs L P e 2ol



146 AEH - &

L, :edAe 5

N s A At

ga cAERY vl FEE

a s Ay oA £4AE

g« teEE e Adf H fFEANA A FFE

S e R S o Rl = e T o

T. R R

T, initial : ERAAF 2AASF 279 Ay 279
Al ex

Tree t BHAZANA AA7] 279 FA2E

Tri 1R97] 979 $HLE
T, :q4Rs AFE L=
U :A95 uhey 44 A4

U 497 7bAEs 44 A
U A9 AAe] 44 A
U 1397 449 €4 A
V. gy £=
W &3taleld A
a LR FHE
8 : 3 gk o
& R RES @ kg
€ sG] Aok
7 14 58
6 seloFFAY AAdsld AT AR
o czug-—gz 44
(za)e : FESFAEF FHEH F
.M =2
Aaus 4AY AL S dAE Dol
Az T AngrlEd BE Y a5 ole

LEZ Yag stk AL zudl gol 2H-4H
Ay ds4 Adrle 1 T2 kst Ao
ulmd Hee] FAAAY woky e A Yast
gemm Az W Lxlo] zAgch zelm direct
solar radiation ¥ul e}zl diffuse solar radiation =
o] 88 4 & Aol vl FAy RAY HFdr=
Adr ARz d4de Folr A AR A
o} weh, Adstoz¥el ulEsH= long wave
radiation & =t} AwA Fsbube] Hel 4Tl w
oh, 2elw QAW BA 4 ole] A A FE F
o]7] 98t sty Z(honeycomb)& A& Erlell =k
A EFE + Aok

Adre d4%5¢ Frhske e A7 245 =

7 Fge) g, RAEE Ee £4EEd A5y
X Hottel 3+ Woertz(1942), Hottel 51+ Whillier(1958),
2]z Bliss(1959)@e] &g Hottel-Whillier-Bliss
model(H-W-B model)e] = formulationo] zithal=d
Ax ulad FEeA 7 2EE A FERR
7 gel AHEEHE lH

Adre AA A, $Ads 2 F4EF S0l A
47 Zgel WA G5 AF d¥= A<Ls BE
& At Wart A g AL A =

vl £-5A W Fol] o] F HFE 25 e FPHA
od ol & Al ko] gth

3 A7 Bz ASHRAE 59%& a3zl
FF318 7 £ (KAIST)al A 54 8] A5t A <47
AR D v Fg AL ngddld, AR4 HHy
Hdre AF drt ArY 4% oA F

R E7FE olE 9 AgHoR FHIE wld
o},
X o

32, o

FolAde WA Adrl A4 5ol T AR

A4 4 o] Hottel-Whillier-Bliss ¢] Z®& A[43te =
o Age =gsigdel. 2o AFd AE3 A9
o W4e 9 499 $OD, A4 PAE
(er), AATY F58(an), A7 =4 2HF *
H(G), AG7 ddAY Li/k, 47 3420, 4
Ak Solw ol Adrl W o EA (typical
values)® $402 Z W49 & wHIAAA4 o7
ol B} Fdr FE F49 HHE z4sigs. 29
APAstel vmstn, 2o A AEF +HH I
Wo] Fadvle 945 Fvlste vd AEgLeshE &
et®, $AF QYHdez 2 g 2AL F UE
o WEF 53 HFG)Y Wi B8 Ads £
g4 3tel Ak WHE BAC Agder 24
3] eked, sl st Ads] AFAAY H2D
E uste] AA B otulAd AFE FH A+

9. mojAlal(Computer Simulation)

mojalslmel(Computer Simulation
Model)

By x4 ALre 445 Hobee e
AN T4 ol agel dedl, dEE 2 €3FL
4o o} 5}«] = Hottel-Whillier-Bliss model®s#o] 7}
who] 42w gtk Q7S W AAEF, A
W g g7 142 24 dE 5 Yok o€ it
Jd7] gl v gL AT A4 2E

2.1



A we e FFHA B ATE Aol
aebd, £ 7o 2o 44 5L AEAH AL
H kg A4 st ol | A Bﬁ;ﬁ:}&} &3] A
T 24 Adr] 4456 HlAw 9E%E sefs
Z, 34719 Xizﬂ ik ‘=-e:°l HEE3H, A
47 Z&Y 43 ARAA G T30 2 5+ gle A
BE Zﬂ%s}i st Fdr] A" FAE AHEE o
< AgA s vaste dd gleh

A Aol A Adwt T4 AR AT A 2
P4

ge=gutq @

om mAR 4 ok wW Aol B4
4 YA g. = Whillier®o] s chesh 2ol b
By + glo

00, 9811~ D) (c@)soo| ooy J 1~ S)e

Aol A (ra)de = dA FrElel EAE, F5 AT 2

A, 283 Fdw] FFE 2 4 58 1HT
A5AE F4ge Folz, D WA REd 7
A& zste] AT Aolx, S« 1% TAE
#8t7] 913 Absl g el

T Jdr] 932 g EdevA ¢+ F 244

Agd Uidl sl A, Ue o3t 2ol & 5

slet.

H dr 40 - e

U=U:+ U+ U. )]
A7A, U, U 4 Ut 474 A47] 489 4¢
4 A, A7) dde dedAs 4 A9y 919
G£A Afolth Ads] AFRY dE4dE AR
Bapo] Sla] Qoiriiul, Kleino] AAw U4 o
S

U= N__ M +—‘1“ -1+ {U(T92+Ta2)
ey

(To+ T}/ {Ces+0.00591 Nhw)—1+[2N+S
—1+0.133¢,)/e.] — N}
9 Ao Al f=(1+0. 089k, —0. 11664 £2)(1+0. 0786 N)

(42)
¢=520(1—0. 0000515%) (0°<S<70°) (4ab)
(70°<<S<90° A & S=70° & A-4% A1)

100
e=0.43(1~ 1) )
h.=5.7+3.8V.(0L< VL5 m/s) “d

047]/{'] T;-‘Z]- TE-E' é\:ﬂ %EO]D‘.‘ -—j—ﬂ;ﬂ, Ub-ﬂ' U.
= thg3l o] el F Q@

M4 A4 G4 Fel e el B AT 147
ve=[-+ L] ®
U=, ®

%—t‘:—-“rﬂ]/ﬂ AREEE b o} B 32 A ho=0.
W/m?—°k s}t h,=20W/m:—°koln, Ah,9 & =
ol wet 4 dd)E ol 43t A4bstgch

A7 288 d& LT A ¢ g 42
E3Y 5 =P,

~U(T,—T.D
=Falge—U(Tsi—Td] @)
A7 Fee AdAAeY oGAA AS(heat removal
factor)el® Frt oduz|s} 442 o9 43 o=
S T 225 Adr dF 2o A sy
o] ol A uERA hgat Zho] BAY F gl

oo

frt

(1—e o ] ®
R A4 F'= Ady] F&A % (collector efficiency
factor)elx, A7 Fatat 72z Aol o
A 3 AdeiAg FA9 A Aole 9AF A
e w2 HeFep®,

g7 vt

FR=G

_ 94
=TT
oln, WAt 2%y JFE FAEE= Afde (D
ga=(ra).d 10)
olrg, o] A9 Adr &L &I L}
v:FR(ra)e——————Fn Ul(z}m* To) an

o] 4}1& Hottel-Whillier-Bliss (H-W-B) #lo]2lz 3}
o, 28 Addel A8 A 289 2dE 4 QD
& “Hesach

2.2, g7 H
Ad7 "+ IA E

(Collector Parameters)
Filed AAR g, W,
F7ARTE Y 4 Yok A 2 fEY A
T, Adwe) Fog, A, AdRe A W o9
=%, &4 £33 PH A, &3 W7 2 A4,
A AT g T, Adsst £ 3 HA7
= bond ¢ conductance, Fd7]¢ & 9 zeo| 3
7ol A7 AAAd 2 gol BA = AEole. A

97 ¢AESE Sl AR 2 gl 2AY
+ ge Agold w3, WA AR, 427 H4
7 ol drlel ek ¥R WH4E ASEAL U

W=, dame =27 9 Adold A 4, kg



148 AZH - &

g &=, W= Folvh.
ol s} zo] Ad7¢ ATw
£ 2E 2¢AL B+

ol wks] wrl Wl ol
o Wkl Qe e
@tk ¥A felE AFaAsd QA e A
Aol exol wet BE A A47A g,
Add Baate ofd A AdBe e 0.1 o
d4 g3 A& AL ¢ APl 0.9 ol
2 aTlAE g e (N, Faue) g
(&), AR FFE(an), AE7 29 2AFe +
#(G), Li/Ks, RA47] A, d4FD 59
wao] dated Sl 483 Hel & ADS A
Ao Y=L, 29z 4F R4 48 4 5¢3FH
o AR A9 A4 5& FzEtd, Jd7 2
4] ol £ ((typical values)& 4733, o] = EA
Faoz # W4 HEE WASAAA el =
Jare) aeFAs e zAsgdch olsh 2
2o A4 g 7] g =92 Hottel-
Whillier-Bliss 4}l eb(4 (1)),
Table 1o 24 "+ g WA 249 3
Eo) AA= gt

flo du af

2.3. o] AME HrH

2 Ay 9l F 53 A7 ZEMDE 4
AE ks gokst ohga ek

A, A3 At Folal ALrle 2AH 7
g (ca)e ©AD), ¥ Zdsl g4de] GFS)E
ARste] 4 (2)F o143l ¢g. & Tt

A, €. & FIr St A9y dT A=
Trnixzl o & ¥A T, & 7Feted Ag7e &4
€ ¢:¢ AAstz, A47]9 Fingd, AA4daA=x
€y, ﬁvﬂzﬂ% FEH A HE AATE B A8
A T A4 JeEd g EAFED) S& 4 8
g9l gk s @EQAFFr)S T

A, Al A (DE o438 T, & A4kget o
o A4 T, 24 9 335& ietd X7} Ao
Ad 7= A 4rsid, %Zﬁ} dF ex, drexE,
A1% A goy o @F LS %~ et

g, 473 A4 9L ZE 7L 4 (1D o
datd &S T o gk

L2 s

3. &

Il9._

RHx| 2 AlB

= =

Ll

HE

Ao 242 o4 Az 2o 4F(computer
simulation) A3}e} wmalzm, 2o Ao} L3 =

EREEE

Table 1 Collector parameters for simulation

Parameter Typical values | Varied values

N 1,23 1,3

€s 0.10,0,50,0.95 1 0.1,0.95

a 0.95 0. 85, 0. 90, 0. 98

ka(w/C?) 0.2 0.2

L,/k.(C°/w) | 1.337 0. 668, 1. 337,

2.0,2.674

Cy (w/mC®) | 1,000 1,000

W(m) 0.125 0.125

L(m) 2.0 2.0

D,(inch) 4/8 4/8

G(kg/m?S) 0.02 0. 01, 0. 02, 0. 03,

0.05,0.1

S(degree) 45 30, 45, 60

D(dust) 0 0

Itw/m?®) 720 300, 500, 720, 900

T.(C°%) 10 10

V.(m/s) 0 . 0

0(degree) 0 0, 15, 30, 45, 60
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Table 2 Specifications of the solar collector used
in the test

Collector type Flat-plate liquid type(single-
glass cover)

Cross collector 2. 43 (9002700 % 95)
area(m?)

Aperture area

Absorber plate

2.25
Black Ni-Cr selective surface

(@=0.93, &=<0.1)

Tube Aluminium roll bonded copper
tube
Glazing 3mm thick glass

Back insulation 50mm thick glass wool
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Fig. 7 Incident angle modifier test results

Table 4 Experimentally obtained y-intercept (Fr
(za).) and the slope (FrU;) of the
collector efficiency curve for various flow

rates (G)
G(kg/ Test ean Mean
s-m¥) Fa(za)e !F (za). Fr U, F: Uy

1 | 0.61041 —5. 30262

0.01 | 2 |0-98%67| o o539 —4- 77566 _5 6757
3 | 0.61134 —5.02610
4 | 0.61385 —5. 16591
1 |o.69577 —4.50406
2 | 0.72105 —4. 74405

0.02 | 3 {0.72592) 0.72153 —4.67931] —4.38526
4 | 0.72080 —4.08876
5 | 0.74412 ~3.91012
1 | 0.76952 — 4. 76865

0.03 | 2 | 077173 o 77495 —4- 74020} _4 93732
3 | 0.78606 —5. 00402
4 | 0.76983 —5. 23638
1 | o.81136 ~5. 55422

0.04 | 2 |0.-79804 ¢ gnggy| —5-08462 _5 34763
3 | 0.81857 —5. 60849
4 | 0.80429 ~5. 14320

Table 3 Experimentally obtained collector time constants for various flow rates (when 720<</<860w/m?)

Collector flow rate (kg/ms-m?)

| oo

| o0

Collector time constant (second)
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data with simulation results for various
values of G
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