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NOMENCLATURE

Tea : Collector Temperature

Tibe : Tube Temperature

Tci @ Temperature of working fluid in downcomer
Teo : Temperature of working fluid in riser
Tin : Initial water Temperature

Tou : Final water Temperature

Tamp : Ambient Temperature

Q ! Storage Energy

Qauxx : auxiliary heat

Qudraw : draw energy

Quoss | loss energy

Qsun © solar gains

Qua ' temperature-difference losses

Qother © other gains

Qavan : available energy

Fr : collector heat removal factor

F’ : collector efficiency factor

(7 @)n : effective transmittance-absorptance
UL : overall heat transfer coefficient

I; : radiation

m : flow rate
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cp - specific heat
A; : collector area
7 : efficiency

¢ : collector slope
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SUMMARY

Solar energy is one of the promising resources of renewable energy. It is
of particular interest due to the energy shortage and environment pollution
problems. Water heating by solar energy for domestic use is one of the
most successful and feasible applications of solar energy. The thermosyphon
SDHWS and the loop type thermosyphon systems are widely used for
domestic hot water system.

The loop type thermosyphon is a circulation device for transferring the
heat produced at the evaporator area to the condenser area in the loop by a
working fluid. The system has the advantage of high heat transfer rate. A
phase change of the working fluid occurs at the evaporator section and the
vapor is transported to the condenser by the density gradient. The loop
type thermosyphon collector can be made of smaller area and has higher
efficiency than the present thermosyphon SDHWS.

In this study, the operating characteristics of various working fluids
being used have been identified. The working fluids employed in the study
were ethanol, water and a binary mixture of ethanol and water. The volume
of working fluid used in this study were 30%, 40%, 50%, 60% and 70% of
evaporator volume. An increased heat was applied with the increased
volume of working fluid. It is observed that, in the thermosyphon with low
volume of working fluid, such as 30% or 40%, the fluid was dried out. The

average efficiency of the loop type thermosyphon was 46% with high solar

- viil -



irradiation and 43% with low irradiation.

The flow pattern and mechanism of the heat transfer were identified
through this study. Flow patterns of the binary mixture working fluid were
also investigated, and the patterns were recorded in the camera.

The system parameters were calculated using the thermal performance
data. Modelling of the system was carried out using PSTAR method and

TRNSYS program.

- 1x -



I. 48

1. A3 o3

AAAM ez FEEE 4R Atgd BE 497 qixd 142 Qg
of Al eduvxdeszR BFAA ZF-E e Aot FEFoln FFHY
WA iAoz B Ae GFg o &Rokrt Mol A43H3 glot o
d aFelriR e g ojFEof FolM IS A% dTe A&FHE A4
HFd 289 A2d3d gy Azgo] F/HE oFxn gk A4dd Alzde
AL A& Lol 7leE N R V| F HEHF ARG E o] fIT Aa™
MEE FH3a e Aot AU Y AZA|E S FxU AFRAN E F
ol wtet F27 §5L dHHoE goyn XA @t Aot o YHY 2
B EAIEE 71-9 24 FEAM FEH S50 AR HAE T w& AL
€S 48 F Uvs AMdo] dBA ftoh o]AL F7] fF wE A SEAol U
@3 w23, Fe SExAM 52 @ oS JUehlE dELiate)r] BEeh dAL
o)E9 ZAFde DHE FERG SFHF Aol FUIkAG FE A odtd FF
FAL frEol dojdrt, DAto]EFL FLd $59 FES o)&de AFduE ¢4
sto]Z o} Hl&eAT AFHA S5 TURE Aste WA AT o)
7b 3Tk Aol EE AF /A DHHANY FEG FRHjAx o] F
SHE qA Y dF= LI FEN2 Aot |gachd AXE du@rld o
M e AT dugr)dA FEH PAE FHo Ao FURY sd
L2 olFHoth AWE A2 o o] AFERKAI FuLFH FFS DE
of WaehaM Axde] FFA
ol YR At AARFEY A2HET ST FHo] AU



AHA 2¥olx Fx7} rddiTh
A gl @ ggAc MED AL LEANME & A o|F Tt
AR ZERAY FFH v AFLE HAE W & A

o)¥ $¥ ARG S ojste] drlo)|EL HAHSF, AARFL ¥, HIL
BolS thdstAl ol €H AR ek aa ARG ANAde FUWsIFS 2L F
A7) Abge EAEE Hd3n 52 AgE FAY 5 A& A2t At A
ANFHE A2 w8 AIUH L A2 FHE 2¥FHEM B 2 &S

gtk AuEg Axdo] i 48 S0 A8 elFd FokillA A

AF7F AYEL A

2. 847 =94

AR5ty AEAlEL 71EY FASER A2 v wE &9, FET
Fo) ZAsavtE FHE WAEA B $F4E0 AFHAT WA AEAES
kg Rorel Agae A7/t Bel AFHJUAR A8 AP digh Aol ¥ L
oldth. AFAA AFHN EEFEE B AP dF AFEAH dd¢
Ae Bol BEREH HEd HES fs FZ Feo] HIA|E I ZAFF
Ao Folut FFEFA] FFE AAs e A7 AHH Hol A9 Ue AAHTh

et 2 dpdMe g 22 ¥ A Aol dEiA GetE A @

AR, YD HES 9 FEHY HRA ol EY AFRAL d BB FEFSAHE
et HAe FFFAY FS AR @

D A5FA - dgg 75, dade+ S77x=05)

2) AEHA FUF - ARAIE WEF A2 30%, 40%, 50%, 60%, 70%

3) 4448 — 440w/, 660w/m’, 880w/ m’

A, AEFA FFHE ol At e Al 7HR &, g, FRHT, ARE+T

Fre EEEE o A" g FERAE e



1) FER/A - oL, T/, A&+ FHFx=05)

2) AFRA FYF > NEAJE R AFH e 60%

3) 9499 — 220w/m', 310w/m’, 440w/m’', 530w/ m’, 660w/ m’, 790w/ m’, 880w/ m'
AR, A&Re+ZFTU R EFELS ALT WY WRA|EY FFFA
el wWol AFE AL AT oAEQA At TF S 4%E vEdg &
$E A% 2 JHA BR& o 4L vtk

1) ZEFH - E3E (EEE x=04, 05, 06)

2) FEFA FUAF > A RALIE R A9 60%, 70%

3) Y — 440w/m’, 660w/m’, 880w/m’

WA, 2 FYako] ©tE FFATE HAE AYg Fihe n@sgd
oA, A% doleE Al2% mdalg ¢t

AU AFEHN 4¥e Fae] A7 dolHE 3tn A9 AR ALt AT A
e T4 A% APele A B AFA HEEAAN Aawe] A7 7R
TAAQAE =Estua At Aladd iy 2dge] A gue AHY AF A
AARAE =28 5 Qg BT ohye} AgxAd @E duvA Fofelut Ar1A T
Ze AR EAAERE ATE 71 4ok 99 2o Y FHLAE FHA
7123 dFHdHE Alad ANgHelAE B3 o8 2ad0A PrldsE 958
F Y3 AAY B7HE AfM A=dE HFHE] A9 AR mdS AHEE
F Ak 28R AEEA A9 AvAEE Fs NAE 2dd B9 74
AAE =28ty 2dYL ST



II. o]23 wA

1. 2 5%

Y ARA)EL 7]E HACHY Al2"d vt o7 7tA) FHE AE
o A&e] Sttt oY olfE Aste FP7)eo] AHEEHE MEALC|E o] A
299 dAsd AP 4L PARRE AF7AA dF, $FE =88 Yoz A7
TEHE LW B2y

Imura(1983) 52 dAY NEA]EANAM Y dA dfr&dl dd A78 F93A
aga 9A GRS WA, g2, AFRA, FAFR WELTe F
et AT 71 29 dolEd ¥ 4P} dYdoHE RFn g
23

Faghri(1989)5 2 dAE HEAbo|Ze & FdMe dd2% & HPH sy e
2 A7 AFRAE ZUL-1137 oHHES AT WEAR|EY FEFEALE
AR M2 O FEFA frEed g 2 voHE oj&3td 4FYL o
FTHAL A% TAE dFHAh

Negishi(1983)5 & 4AE AEAle]EZ9] A H5g dPYHNo2 A7dAT 2
FHAZT 23 dEee A3 A¥A Hrze FU=E FERAY ¥
WEAe)E e BAZHE AHEstE T 2 A RALOIES] dAY FRE 983 )
At F7lwE, BE 24, 501859 olFd " JMABE RdFA, AY
7t &2 4dg A € foleE E4Eo doHT 4Y ARAM FEFA=

fd
tlo
>
oo
o
e
o
o
=2
rlr
HK
re
g
()

9 A7) AAN FUH 25%-60%F FU5

= Aol FA AL Ao AAME 40%-70%2 FUYE O 2L FHEHE B



Casarosa(1983)3& ZFHAZ E& AH88 24 WEALo]Zd g AL A7
o FHF¢N FrEgE AL FFIHAYL o] AP ¥ FHAM FA1HQ v F
2.2 olAL Geyser effectst Ee||AA HUTh a2 HEAE FERAM ¢
A AFE FIHRL SERANY v FHEFE g o]g3to BEFHAT

Gross(1985)5 & UAE WEALo|ES Fd, SHFMY dddE 494z 4
T3A R-1158 FF A2 ALt AL, dR83(175<Q<197), A%
(0L ¢ <60° )& W2 st T, &F5F] Y& T3

Dobran(1985)&-& AAE M RALo|EdM e A4 e 5474 dAHA A5 2
AY BExoz Y ATE sPsdch H44A mde F7 FA, 47H(liquid
flim), 4% HHEo I+ AL LT N2dd JF ¥4E vgez
ot Aol Aot A9 IR AqAA F A ZFFAI SAsEHH
shue A #¥E Aol vg T e FERAA 4H 9 dguiEs FEHA
ot 718EA ¥, FU9%, AFHAA M FAEG dFE 257 A
W4 el o F(parametric study)E AT 2 £-%9 GRE SAG A
HolH & zte =eto] ol Hluse d7E FPsAct

Soin(1987)%& F¢RA grugAse Wg AU + Yo 493
g 2dg A7t o] REA2 JEr9H FdHE 249 2ENEE #3Y
T A APA dAR2E HIV9 YA Fo)] 80%13A A FL2 HeE EA
T e dAFAME FF dAdel LA HBE RelAch Tuln A 247
g} A RALo]|E S ulaste] A dE FPstAnt

Bong(1993)5 & ©d HE7l¢ Huy 3E veolx A7) wide] 58, &

%
AF), 74 CEE AW AW 0|2 UL YR o Bde T
e

e

HQ 71F 243 A 16719 E HeolX HAL7|E HAEHPTH RdL =

N

LR FFUALANA DY) D) B A nolFYU
Chen(198)5-& 24 Ao MEALIES &3 4FAN) thatel 271 A
42 nAsel 4P AYFoz ARATh gl Fadt FRE s



deutel FAE Fr1WHe A& FrieE SdHos &I

AAFT(1995)5L YAY HNEAo|E] dAZEdA Tz HYus B4 59
ol Aol 7HAE HH-E AFHAT PG KAL) EL 2gg29 fIABE o)f
e Az Hn 9FFL FIE FH4 A9 b2 2 A & FIHAT
o] A& FUF F R vTEALS HHIHAUSL

#5H(1995)F 2 AFFAR vEHe A2 G 24E EFRES AT 24 49
REAo}Eo] thdt 488 FAsATH ARV R ¥ AL EFEQY
B/EE EFELE AT HAZ AL REAL|EY RFEA BN nFsgrt

Aot Zol WEAO]E I A7 LA i3t o]FolAH sty WEALo]E
o e d7E =EEE BY 939 543 FAGEAA A7Vt g olF1
A EALo] £ 2F B et dFE A9 olFo|RA &gt 1BR 2 £E9
Me FEZPUR AFY AEA|ZdA JERASG JFHAZ BE AFELS
At g

Ao 271 Ao $FFFLoZ MPEHUY WRe] FHo Fgo] glo
H(wick)e] &A= ezt & + Ak 2y Adgoz HEgd F§o MR
Aol &L & AAstE FHE o]t AFHL

AAZe S FEFAE FLV AN 227 Aestd LGN JAGHR 9
B7F dojut A2 wAANY AR L ALY JEd FEHAE LR &5
o A Yste] FFFEY BS wet FFFZ )5 FEHEZ o)FE 7
Ao AEFAE $HENAN FEE At F oA FLEZ HEclL
22 Fof 2719 fEae LY $579 2xEaY 7L %
Tl E& 9L ALY FFHAT FE5F 2 A9 2AY 273 ¥ A
H2 SER2 HEoteA 0 oldd &8 Aol A&z AHHUAM ZAF A

ol

B 25



o AEEE wEHoR gohtn YRIZRE FH FTFY FTLHAAN EFFE

A%AA FE F¥o) Lojun,

Hed Ad7e AY5e A4 292 LAE $9FY B8 AN 54
Jath Y E AUAE Hottel-Whilersi 22 EHHH oA Z32e ve3
2ol BRHT

Q:Ac F[It( 7-'a-’)e_ UL( Thu Ta)] e))

o7|M QB e 28]7) Atole] d&ae] gitkz 74 shd

Q=mCyT,— T) )
o7 ¥ PG
RS Qout
y —Qout T
~— - )
C 7 -
. N
D = = M
C g ( =h "
T — ‘ S
e < )4“‘\ h = .
/7 |IC N\ — .
. e
_ | D ST TH N
‘ L BgR
N |IC / N v
N D,y' -
1(‘--. "
. — D
Qin

Fig. 1 Mechamsm of heat fransportation in thermosyphon



N2g 5&e 93-S YA JEddes vy verd £ 3th

o mcp( To_ Tz)

FERAE 2B 45 S BE A9 A 143 YHY WA} Qdems
o8] MFolt AW FF2AL mAor Foh YW AdaAE 1 FF P9
of et FALE, ALE, Des FOE FERAW AFHM 8 AR v5LE
e 484917} Ak

AFHAE e 2& THE nTMF Bk

S

- gl 2
- dx7 A

cdART =2 A

c JA=TE AE A

- AT vlFe] AFEAN AEFE R

« A AAFA(EY R FAA) S )

- TE7L A3 HAol AEE A

Table 1.2 1719 #telA B 7} A9 2F25E HHE vepuin qich
MEAL|E Y FFRAZ GUAES FAE A A e B d77F 195

QAR 282 EFEL B AEH @54 At A7 A o )FAXA ¥%

o v ZAFRE HYY BHFY FHAM EFEL ddAEERY o9



Table 1 Operational temperature range of various working fluids(17]%}3}H)

Working fluid Melting temp.(C) | Boiling temp.(TC) | Useful range('C)
Ammonia -78 344 -60~100
Freon 113 -35 476 -10~-100

Acetone -95 56.5 0~120

Methanol -98 65 10~130
Ethanol -112 785 0-~130

Water -0 100 30200
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Fig. 2 Phase equilibrium diagram of binary mixture(water and ethanol)
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Fig. 4 Thermosyphon system experimental apparatus
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Fig. 5 Loop type thermosyphon system in field
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[80 min]

Fig. 34 Photograph of flow pattern in thermosyphon
(ethanol + water, fill=40%)



[5 min]
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Fig. 35 Photograph of flow pattern in thermosyphon
(ethanol + water, fill=6026)
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Fig. 36 Schematic flowchart of Modelling process
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LRHT 2.8E+04 2.18E+02 1.52E+04 2.93E+03
LRLT 257E+04 1.19E+02 1.32E+04 2.2E+03
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$E1 94 RARE

Table A-1 Thermocouples Calibration data

T/C No. 1. A () 2. AA(C) 3. AARCC)
E2E 2E 0.065 41.0022 53 4281
#1 -0.6374 40.8672 53.3928
#2 ~0.6287 40.9407 53.4874
#3 -0 6396 40.9460 53.4821
#4 -0.6126 40.9344 53.4396
#5 -0.5891 40.8841 53.35629
#6 0.5792 40.9993 53.5392
#7 05677 41,0469 23.5957
#8 0.5354 40.9642 53.4729
#9 0.4450 409371 53.3964
# 10 0.5212 41.0602 53.5587
# 11 0.5000 41.0600 53.5525
# 12 0.5187 41,0661 53.6067
# 13 0.5504 41,0216 53.5627
# 14 0.5324 40.9476 53.4277
# 15 0.5387 40.9492 53.5653
# 16 0.5704 40.9677 53.5144
# 17 0.2738 41.0878 53.6165
# 18 0.6754 40.7655 53.2449
#19 0.5885 40.7419 53 2469
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Fig. A-1 Graph of Thermocouples Calibration
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