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Solar Air-Water Heater with Triangular Obstacle: Experimental

Evaluation and Correlation Analysis

In Han Lee

Department of Refrigeration and Air-conditioning Engineering,

The Graduate School, Pukyong National University

Abstract

About 40% of the energy load of domestic buildings is used for heating and
cooling, and most of them use fossil fuels to replenish heat sources. Policy
subsidies for the use of new and renewable energy facilities are being
activated to lower the proportion of fossil fuels. Solar facilities among
renewable energy systems are those that can contribute to reducing the
heating load of buildings, and are generally divided into air-type solar
collectors that heat the air of the heat collection system and liquid solar
collectors that heat only hot water. On the other hand, a solar air-water heater
is capable of heating air and water at the same time and can be applied to
both hot water and air heating facilities in the same surface area, thereby
increasing heat collection efficiency.

To improve heat transfer performance, we manufactured a solar
air—-water heater with a triangular obstacle installed in an air channel, and
compared and analyzed the heat collection performance in accordance with
the change of the air volume and flow rate under actual weather
conditions. The heat collection performance was evaluated under the actual
weather conditions according to the change of flow and air flow conditions,
and based on the experiment was conducted under 9 conditions corresponding
to the operating conditions of 70 CMH, 160 CMH, and 250 CMH at flow
rates 2.5 L/min, 4 L/min, and 6 L/min.

As a result of the experiment, the obtained heat value was 221.62~1,00855 W

_Vi_



on the air side and 44.25~780.17 W on the liquid side, and the total heat gain
was 447.88~1,509.37 W. The thermal efficiency was 11.97~64.11% on the air
side, 3.29~41.7% on the liquid side, and 36.33~74.32% on the total thermal
efficiency, and the efficiency of the air and liquid side obtained by useful
thermal energy was dimensionless to consider the weather conditions such as
solar radiation and ambient temperature. The minimum efficiency of the air side
of the solar air-water heater was 9.67~23.76%, the maximum thermal efficiency
of the air side at 250 CMH using the blower under the operating conditions, and
the maximum efficiency of the liquid side was 38.83~46.5%, showing the
highest thermal efficiency of 6 L/min using the pump under the operating

conditions.

- vii -



Nomenclature

Symbols
A  Area

C, @ Specific heat of air
Fr : Heat removal factor
H : Duct height
I : Irradiation
L : Duct length

: Mass flow rate

. Heat gain

m
Q
T : Temperature
U : Overall loss coefficient
W

: Duct width

Greek letters

n : Thermal efficiency
7 : Transmission

o - Absorption rate

- vili -

[m’]

[J/kg K]
[-]

[mm]
[W/m’]
[mm]
[kg/s]
[W]

[°C]
[W/m?-K]

[mm]

[-]
[-]
[-]



Subscripts
a . Air

¢ : Collector

1 : Inlet
o : Outlet
t : Total
w  Water

X -



1
1 ?i?' HH7§

W
T T
ZﬁOJ|dlﬂjiL-O
_aEQEOOH\Z.
Z]T. o g N J_W pa ) = Plo
,ALJ.QJ. XWU..O,.L:J. o}
LX_;dﬂUT o X 1r]1_f,uﬂ
T & ﬂﬂ%@ MV.&%E%M
UEZEQ &OHL‘._,NO A“da N T oy = H
i Ao g ok 1qﬂgzym;o R
4@.%@;705.3 Nl — u,_urﬁrmay oor
o T B o £ o 7glL kg_gﬂlgko
l_,o,.__/ux_vmmotﬂrﬂ Jleidaﬂﬂ]%.lwuﬁo oonﬂko»7 0
o F LD S %Vﬂ@%s mﬂurm7%ﬂma§urm
©TEEE i gaq¢@@@amL1l
ot o o < ak o) 0 JleM o K = ! LUﬂH o N
H%Vo QHT%N @u%ﬂﬂiu LT i%mﬂ_
_,oﬁzo,ﬂﬂ & < go B X %%AHM ﬂ_dﬂﬁz
ELmnmaJLlﬂ Y :uooﬂﬂ_;urﬂr@ﬂ@o»%ﬁl o
a]mEdL — A K = T+ AToATﬂ%fr i
o;_zooe#moﬂgh ol .man%m_xé %L% i C
nnml; = T 2 dlﬂﬁ HMA@L7620M1__/IW.._,%HA
HﬂOJ_;_ZT.NLmEHﬁmo SICE WWOJE]EE EZ:ldl] F
- WS mmg%%7m§_gﬁwﬂdag
T | W L | X (il ol T 0
ww,_l@éwmz_afé Aeémﬁfr?%mo@ros Moplzo i
oo,._.m_; Ll;omn_u‘.n*mu ,mEIrL‘.J otH,T lOJHdﬂﬂﬂ,l i ©°
ﬂrﬂa%wur - k.,omo m%ﬂi@zd%u_l
Ry }'mmﬂ % § ° L = < 9 T
i@dgmo TN szT_:? - .%gm
- eL&WWﬂw ~ g#%wnﬂm o
\n_zr.%ﬂlqozT]zTﬂ]oto,_ATLoT_]EoﬂE:._.o,_AT
mr ﬁ%%w&ﬂp t o Lumq %o wl m < o o
N TNH %%wﬁﬂlﬂ% = o M a2
ﬂut,.ml%dﬂzTﬂoeﬂaA]ZEoﬂAATﬂaco‘uﬁMhﬂ“,o'oﬂdaqu_.o
/moo#OmEEQIZTEA&lﬂlda,mao#‘_]wn _b.mﬁloﬂ/l}
w%ﬂa%ﬂ el T g & quﬁﬂ:ﬂ__ e
S o Qvafwzw_;aﬂ%@ﬂytﬂ%
= N ﬂAﬂ@hmo7§ W u:mez.,of/ﬂa.
mtﬂlﬁnﬂlg@d&%%mﬂﬁﬂm@ I & T M
Eﬁoo% — o i o moalﬁﬂlﬂ/ T
@%%ﬂﬁ%ﬂ% N ﬂ%?h%%&
—_ o) X ~
Hdﬂ_ﬂALZT.kAﬁ,WF,.m_IJZIMﬂHAT‘E"m.LM&]UEAT
J;ﬁﬂctﬂ;le _*01#7
R R J N
Ho T o gl B P o N~ U
o & A N T o Mo
ZEAM,L:_EMVLO
.,o,_\m.aﬂrw‘wﬂyloi



Choi et al? 7} &7

-

R

12 e A
= U ol A

.
T E N T N Qe ok B — L]
W Hooms B L oo B L o M A R R B B WP S TN ZWE
w B c oy FapHTE PR ok @
oo 2o P RN moe . = i =0 R
oE.EﬂHEw _,WMAEW Mﬂ%w_m&oﬂx;lurwﬁma%ﬂu;lmmL@
- B o O P e Ty N W g 4 W Lo
O o= %0 T oW S =2 n X < 2% = Hr
I 0 " X_nmoot,maﬂ_u,mHuT] c o
By W g o N® NN o B TH zZg & "
N R O N Rt _ N = g Moo
N ol v W= XK o <V — 0 = w <
mTE T g ke lE T I B U T S S e
7‘_53;2 )AO‘UL_—O,I ,‘w dlll O]rE]_l_ ‘W_IJILS < ﬂAIL
Hoo = R IR T RN _wr__oﬂﬂ,_eo#x.m}ﬂm}]
A%Mﬂ%%ﬁﬂﬁ%w Wﬂﬂqﬂﬂ%iwi%mvﬂmﬂm%
o Py R LR R N = W = & N o %0 Mo —
RS AL = Sag P s TS LR
o _ X Plo o o ARE KNG ¥ @) T T w " a)
AN TN S TR I I RIS
io —_ ﬂl o) [ s io N AT e _n;.o P HT _‘HA|| 17_/| OT
ol R | - o Ho , N ,1.9%}%@%1%4@3
o Ny ml oo lleoN o el ol s T ) a e < = <0 o 370 i o o B
T SR oo B Pw oo BTy P N © 7w
B N o = = = B = b o X B o or X
%Ee.ﬁ]&urw%oﬂwﬂ_ aMmmmerhuAT#mmW%omﬂ%ﬂwr
K = E+o N ‘.;L G 0 Exg N B N o % _.ﬁ s _Eﬂ = B Xg) O# ° ﬂ
~w 2, WL = N B o EminTE s T owYPN
TS TN oH Thag PRl 5 O g X 5 ¥ e
Ho _ _—— 0 — B S N AR o ~ 2 A i° o W o -
=~ T oo Nl R 22 LG - (TS R B -
@ﬂa.ﬂé%ﬂﬁmﬂﬂ_wA%%@Mvﬁrmﬂ_x@uﬁ o
ﬂﬂomMﬂLn%ﬁruf ,mﬁRFﬂﬁaEm}Aﬂot%%ma%x%%ﬂw
o oAb & g BE .%%ﬁi%#eliﬂfréwﬂmﬂ
- A o3 T T | o} op = B % T ° ™ =~ < Ho
E|e ) W op o B . BX o o BV JJo = =~ altl nE B =
wﬁaﬂ@_ﬂmﬂ%ﬂﬂﬂﬁo%@%mﬂ#ﬂ.m%@,& Mo
o Wy SN apE R B o o= o X 7 o ol o =T
= T 100 o< T m = oy P LN o) oY X
< T - R ST <R (R ) TP E
- TN TN s T T W Xo L R0 o o o IR
o) X B R OBE S ™ o mp e WL W oo BT Moy oo W
\Iﬂﬂ.An,O,LIL.\LIO7 o _.Tl.ll,.ol ~ = 0 T = >M
N BRI~ N KPR o % N o - o ik T oo o N~ B T = AR
5 Mo Wy T R o M ol o K| o F

A 16.74%7}+A)



1.3 A+ =

Mo

i)
il

ol
i

B
o
T

—_
;OL

)

—_—

|-& 7Fg7]¢l

N
Mo

B

3

32 H

2

ﬂtlﬂzﬂ 7HA]
o] ZAl o

s
X

o)

<
0

nE
B
o}
all
K

e
&

o

el

I

B
"
ool
<
|

file)

p—

0
o

Blo w2}

el

Ny
o}

o
o

NI

Mo

w

I

—~
o

o

A

u}

L‘? ]— (a8 1o .
7 m A| ©
E
H]— ol
AN

-
R

el

2}
AR AT A

Gl
el

mK

o

)

—_
file)

ﬁo

el o

—
file)

i)
el

)

el

™

file)
A
k)

o
Wr
o
B

gl mE

=K

.
ile)



A2 AT ol

24 H](Non-Concentration

%

el

Solar Collector)® 48 lomw, FAlo] hekslar Al~

0
~
_JO

—

NH

p—

0
"
B

I

el

NH

O
el

ﬁo

—

1=
™

=K

27h A2Y T

)

|

&

I

oA FhelEl oA

fets Tze HAA Ho

4



solar air collector

mounted on the roof

Adir mnlet

Solar air heater ’

4

Air inlet solar air collector
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cold air

hot air o -

Fig. 2-1 Schematic diagram of solar air heater system
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Fig. 2-2 Schematic diagram of solar liquid heater system
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Table 3-1 Dimensions of the solar air-water collector

Parameter Value
Collecting method Flat plate
Collector Size(LxWxH), [mm] 2,000x1,000x100

Installation angle [°] 33

Height [mm] 34.20

Duct area Triangle obstacle Lehgth [mm] 104.98

Pitch [mm] 123.10
Air channel width [mm] 98
Header pipe diameter [mm] 25
Pipe section Branch pipe diameter [mm] 10
Pitch [mm] 100




(a) Experimental apparatus (b) Actual view of the air duct

Fig. 3—1 Experimental apparatus and actual view of air duct of the solar
air-water heater

Fig. 3-2 Schematic diagram of the air duct used to fabricate solar
air-water heater with dimensions
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Fig. 3-3 Schematic diagram of solar air-water heater
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Table 3-2 Experiment conditions

10:30~14:30
Pukyong national university,
Yongdang—dong
35°6.98 ' N latitude

129°5.39 ' E longitude
Air & liquid heating
2.5 L/min, 70 CMH
2.5 L/min, 160 CMH
2.5 L/min, 250 CMH
40 L/min, 70 CMH
40 L/min, 160 CMH
40 L/min, 250 CMH
6.0 L/min, 70 CMH
6.0 L/min, 160 CMH

6.0 L/min, 250 CMH

4% % QA J97]9 5UW ZEE AAAE AAse] A5 A,
71 427, AA i sl-ETAM Y A £EE T-type Edd, A
&3 A PH-O38M £5¢88 Brg ASa9L, +3e 54 4237
2 23 2439 7] £FL TIS-140FS 23 N2a25%F71S AHest
9, FFe yshadu] 283 SAREK AI01-2011%614 AAe 59 W
A4 B3y 712 Fuste 197 A&7 97 QEA A 127] S
A 7 F3e 24 5 AFRS TEAG. 249 Holg: Holgz
Aol R 0w, Table 3-301% Aol AHE8 247718 e
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Table 3-3 Specifications of measuring devices

Measurement Target Measurement Tools Accuracy
Temperature Thermocouple T-type = 0.75 %
Air velocity KANOMAX 6501-BG * 2%
Water mass flow DM22 * 2% (F.S)
* 2%
Irradiation MS-802-S 5
(at 1,000W/m?)

KEYSIGHT 34972A /
Data logger , , -
Switch Unit

Q,=m,C,,(T,,~ T, (1)
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Fig. 4-1 Ambient temperature solar irradiation according to operating
conditions

_13_



42 AThA P-ETF LE R LR

Fig. 4-2(@)°] 24 *dxed e F719 &7 2=&5 Uehdilen, 25
L/mine] Z7oA e &= HFHO=Z Case A-19]A4 38227T, Case B-1
o A 2828, Case C-1°4 2981C= =AAHUL, 4 L/min® Z7A Case
A-2°14 36.29C, Case B-20ll4 40.56C, Case C-2°|4] 25.08C, 6 L/min
o] 7 Case A-3°1A4 3596C, Case B-394 38.94C, Case C-39] 36.5
0CE AlZtel] we} 2} A 7 7] 2= Wst= 398~6.1
4T AolE HSA

Fig. 4-2(b)elA & = Slkol, &715F %2 25 L/min® 3ol A
Case A-19A] 980~13.76C, Case B-1°l4 750~11.14C, Case C-1°lA]
6.56~967C=Z =A%, 4 L/mine] x71 Case A-29|4 9.28~15667T,
Case B-20 4 7.25~1229T, Case C-2914 763~993C, 6 L/mine] =71
Case A-39A] 988~15641C, Case B-39l 4 891~14.21C, Case C-3°lA
794~1191CE Bt A AFd A, L& TF oA = F&o| =

::
e 249 W 37 LEAV 9 Be AL nde FAsdATh ok
Fol FAU5E FruMY Lx BAR dstel ¥/15 Aol Frka
9o Aoz RPA FAW #3 2ANNE FFol FAHEFE FNF
25 g%ol O AolAE EHE Rtk o $U BHeA YEF F3}
s B7] Pl Bohgo R ddstel dgFo] Frlekgy] WMECER B
CEES

_14_



——(Case A-1 --k--Case B-1 - Case C-1
—e—(Case A-2 --k--Case B-2 B Case C-2
——(ase A-3 --k--Case B-3 & Case C-3

50

40

30

Air outlet temperature (°C)

o e e o
~—h=-A--f-p--A--a =g

,:E_.._.,-_-;--.-z-_-;--_-;—:z-:,-.----::-.::1:4:3:;!:!:-_::;::;'-;:;-
A T he B B R BB BN BN BN

11:30 12:30 13:30 14:30

Time (hh:mm)
(a) Air outlet temperature

——(ase A-1 --&--Case B-1 & Case C-1
—e—(Case A-2 --+--Case B-2 -B- Case C-2
—e—(Case A-3 --&--Case B-3 --m- Case C-3

—
[#5]

[
(=)}
1

—
L=
1

—
[
1

Temperature difference of air (°C)
S

o o B
o ‘-_‘._-'_‘,-‘-_‘.-ﬂ";"".
= o R

i ,".'.'.I'-'-'-l"""'l‘"“"“""‘“I'-'-‘-'“‘""flfi-‘l.‘::l:::l::l‘“l-:

Fig. 4-2

11:30 12:30 13:30 14:30

Time (hh:mm)
(b) Temperature difference of air

Change of air temperature according to the operating
conditions

_15_



Fig. 4-3(a)= IqAF 47 =55 YEAT 25 L/mine Z71 A<
e HH o R Case A-1914 4296C, Case B-1914 30.90TC, Case
C-1°A 3591C=E SHHEAL, 4 L/mine] =7 Case A-2°14 36.677T,
Case B-2°A 4551C, Case C-2914 30.51C, 6 L/min®] %7 Case A-3
o 1 3853C, Case B-30lA] 4252TC, Case C-3° 41.69C & =4 = 1t}

Fig. 4-3b)= AAF =7 2=& HEUHA LY, 25 L/min®] 1A
o] Ev HAH o= Case A-1914 46.28°C, Case B-1914 33577T,
Case C-1°4 3861C= =AFHA1, 4 L/mine] =7 Case A-2°4 38.8
4C, Case B-294] 47.64C, Case C-2°14 31.96C, 6 L/min®] %7 Case
A-30 4] 39.89C, Case B-3°A 43.98C, Case C-3°| 4294TC=&E =A%)

o AIRE Wste] wmet Z gz AdqA 7 B ET 2Ee destd 2
Eabs gashe s #EIE oA, 13:00 olF dAE dadelk
AAE 427 SEe Hu 2= B2 F A9 dAT @& FA%= A
< g9 5 A

_16_



——(Case A-1
——Case A-2
——(Case A-3

--k--Case B-1
--k--Case B-2
--k--Case B-3

~-m--Case C-1
el Case C_z
ol Case C_3

Ln (=]
[=] (=]

Water inlet temperature (°C)
I
=

By i W N Bw Re AW S

10 T T T T 1
10:30 11:30 12:30 13:30 14:30
Time (hh:mm)
(a) Water inlet temperature

——(Case A-1 --k--Case B-1 @ Case C-1
—e—(Case A-2 --&--Case B-2 B Case C-2
—s—(Case A-3 --&--Case B-3 --m-Case C-3

a0

<5\ il 2 |

(7] =
[=] [=]
L

(5]
[=]

Water outlet temperature (°C)

__‘_ _‘- _‘- B b e

A Ak odea-
T B

11:30

12:30
Time (hh:mm)

13:30 14:30

(b) Water outlet temperature
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Fig. 4-5 Comparison of heat gain according to operating conditions

_21_



Fig. 4-5(b)= HA|SeA o g5ZFS vluste] Hellth d45 9=
dZFe 25 L/min?] Z:Zﬂoﬂ/HJ 7] 85 g2 Case A-1°4 28553~
721.68 W, Case B-1°l4&= 9491~64154 W, Case C-1& 172.85~611.51
W2 ZSAHE3, 4 L/min®] 73 Case A-2& 19522~771.78 W, Case
B-291M = 94.12~730.69 W, Case C-294 44.25~577.24 W, 6 L/min<]
%7 Case A-3+ 117.63~751.71 W, Case B-3°l4 175.28~780.17 W,
Case C-391A4+= 109.05~684.92 W& Eth &L fFHolA FZFol 90
CMH 7t Al "4 o= 0616 W/ICMH #Hashes 43S Bilow, 4
L/min® &9 F%F ZHNA Case B-2914 Case C-22 <+ Al 1.79
W/CMHZ Had =2 7Hh 5d §3F 24d o ¥ &
HHHog o & dA5 95

S

Tl AAANN FE TR A

—e—Case A-1 --4--Case B-1 --m-Case C-1
—e—Case A-2 --4--Case B-2 B Case C-2
—o—(Case A-3 --&--Case B-3 ~-m-Case C-3
o - gy e Ry
-y - o T B ‘-
s R e T
=, _l. ] ke I.
AT e . v’- my W
'%1100 < a--k--h-kkk A e S ‘“=— t t L ) G
= o
§ 000 ey
% "'l-;..
= =i Y
ﬁ 700 \
500
300 T T T T 1
10:30 11:30 12:30 13:30 14:30

Time (hh:mm)

Fig. 4-6 Total heat gain according to the operating conditions
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Fig. 4-7 Comparison of thermal efficiency of the air and water side
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Fig. 4-9 Variation of air side thermal efficiency

_27_



Fig. 4-100] sHa7b42 Q844 22 7oz gdrle a4% &
& FA4S UeddH % 2ol ¥sE W HYdd sU-5 7FE719
A S HAHEES FF 70 CMHoA o] WsteE o, 4 4529%,
O 4793%9] ke H il 160 CMHO A # 4 41.33%, Hdl 47.34%°] %
S HYom 250 CMHol A #H4 39.67%, o 46.90%<] s HITh o
AZAA 2582 TF 9 FF WU F7)HY A4 Yeids Ao=
g F Ao, AoA 2+ AE FAE A dFE ol&si] o
Lol 3715 4 5FdA $5719 L8wd, A5 o g5ZFAA F
2o AgEHS At HIEd vU-= 7FEUY d5dHS o] &5Hd
EE&S TAHE & ot Ao

+-Case A-1 -+-Case A-2 -2-Case A-3
0.7
Case A-1: 2.5 L/min, 70 CMH
- 0.6 Case A-2: 4.0 L/min, 70 CMH
E Case A-3: 6.0 L/min, 70 CMH
3,: 1 Case A -3: y=-9.9061x +0.4793
S 0.4 4
Y
8
g 03
o CaseA-1: y=-9.5941x + 0.4725
% 0.2
&
=
0.1
0 T T T T T T T
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

(Tw.i - Ta,i) /1
(a) Efficiency curve of water side with water flow rate at 70 CMH

_28_



-k-Case B-1 -k-Case B-2 -&-Case B-3

0.7

Case B-1 : 2.5 L/min, 160 CMH

R Case B-2 : 4.0 L/min, 160 CMH

e
=N

Case B-3 : 6.0 L/min, 160 CMH

e
in
"

Case B -2: y =-10.616x + 0.4657

b
'S
L

e
e
"

Thermal efficiency of water side (-)

“““ ﬁ* CaseB -3 y=-10.085x +0.4734
0.2 A * l“‘-
0.1 1 g i
A A
Case B-1: y=-10.686x + 0.4133
0 T T T T T T T
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

(Tw.i-Ta,i) /1
Efficiency curve of water side with water flow rate at 160 CMH

g

-m-Case C-1 -&- Case C-2 -m- Case C-3
0.7
Case C-1:2.5 L/min, 250 CMH
0.6 Case C-2: 4.0 L/min, 250 CMH
5 Case C-3: 6.0 L/min, 250 CMH

04 4 CaseC-1:y=-10.383x+0.3967

Thermal efficiency of water side (-)

e
n: -.-‘
0.3 1 ]m.. :
el
W Byl gy Case C-3:y =-13.124x + 0.469
0.2 B T ﬂf
v _:ﬂ}
0.1 4 ..:-3‘;-. .’
o [ - e |
Case C-2: y=-13.801x + 0.4134
R
0 0005 0.01 0015 002  0.025 003 0.035 0.04

(Tw,i-Tai)/1
(c) Efficiency curve of water side with water flow rate at 250 CMH

Fig. 4-10 Variation of water side thermal efficiency
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Fig. 4-11 Variation of net thermal efficiency of air
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Fig. 4-12 Variation of net thermal efficiency of water
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Fig. 4-17 Predicted total heat gain with various (T
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