T138391

14 b d
av o ° o a o [}

aeiifunsAnyimsguimdsuiaseiiad lasriunszurunisneanu
b3 ot & P o t < 1 -~ ] <
Foud hufidaundounvesginsel wismsinyieendu 2 dau fie Tuduusadiunsfnu

© o a da A b Y o '
anmmshauvesszuviutazkavesisiiimes iinades Tasldndnu Idduiuunds

[ o o o o s ’ & o o
MWanudeuduszuy gunssidinalszaeudis deszmo Sanruniu dduiannudeudae
A wazdnugy lasliteoulvvesannenisnansslaun  ArfidsInvhi 300 w, 600
Wuaz 900 W anugeduguidii 1.0 m, 15 m, 2.0 muaz 2.5 m uazanuduilumsse
Y .
1171 143, 163, 184 LAz 205 abs. kPa  ANUGR MU 1.0 m, 2.0 mUAz 3.0 m  Wams
. 14
Anwszuylugrnmisidnnuieulsinghgamglivazanuduludssmossmuiuaunm
o o o o o ' ' :’ ° <
wazdasimsiundsnuanudeundszme  Tuganmstinildlinmsfnnumanuns)
a : ] [ o et = ' PRy . 9
wavveni Inasenninvietwainaumswesyad lunsdinis va linsdfinaiding  uds
v ) )
Annavifsmatimaeesninludenlvang  Tugamsszuoaiudeunuigamgli
14
wazanuauludinumuyas s LA NI aUTLBIAUNAA1IgUYANYBINIAIVUUUAL
v v . v b 4 14 .
gangiiommnadon  Tugasmsguinlnngiffinanihguiviniuegivinnusui
¥ ) v
Tquuazanugedigy  Jumesms@nihidvuuuiassiesuiumigamgitiluds
o a Qy & b1 ° N <& gy ° !
szimondsmadinit ezl lunisdnnalusevaell dwanldannssunaluudas
[ v

FuarHaf AN NAReIaeAndoiua  HamsANEIAuIIOUEMITUINY0IsTUY

[ ¥ b [
Usinghiisinmdulunmsiinhingez IiySinanihiinwesnunnn i Annngediu

b . ' . v

quliiinasnminaoWdTinanhiidweenun  uadioResaniianugesumisduguuag

Y v s E] . a o 4 a a : - e oY :; -
AIUDWAMILG mfszantamvesszyussdusuTinanimoieesnut TaodlSuimim



T138391
1 a a a dga tdtd o o < :a'l ‘q|
0'IU'E)E)ﬂM‘I!Jﬂ]i:(Qﬂizﬁﬂﬁﬂ'lﬂ‘llﬂﬁtﬂﬂﬂﬂﬂ']q\i 1mnu~um1ﬂﬂf’ﬁﬂsmmmmweaﬂmum

Yy ¥ v 1 4
guiu Tduszdnsamiiuua Tduanas Nelimszdsaldanuausinihgaiusedodd dwdany

14
b4

ANUTBUINYUAIY
v H & @& o o o 1
dnfaeafunmsnaassnagulasldiiuideriadinmoqaannis vina
& do ﬂ R Y e P a v
Aunsuued 1.8 mrnmesiiunvasldanudoususzuy  QoulvSuduvosmsnaasslag
anugedwguasiidiu 2.0 m wlsmanugedusiodiu 1.0m, 2.0 m, uaz 3.0 m fuem
v .
anusulunmssinindy 170 uag 198 abs. kPa  (SuMAADIIAT 9:00~ 16:00 WA luden
unsIaw 2544 Mandadoslmi  wanmsfneszuulusamsidnnudeulsingigungi
v b 4 .
uazanuau lud s smessmnIumunaazdasInssSundsnuaNudoungssuve  uas
a o Py [ a o ar [ :’ s
Tusamszantnmmslasundinuuasoiaoiundsuanudouumitlud s sive
' 1 : © o o 4 : [ t
Tuaenisani leslunuuiasdlddnnamanus wndove s lnasensinvesioanay
o =3 P=3 (] d'd' [ Y o < :’ ni 1 -
mawesyadlunsdims valdaeinnadng  udwnnumdSinathiswesninludeu
ludeq  Tugremssznsanudeunuigaungivazanusulusiniunivvazszinsany
y v
fouduegiunanngangivesdiniunivdugungiionmnadey  lugaamsguni
g o : P J 4” 1 q’/‘ o o v [ .o : b 4 °
UsinginTunanihmguiuimiuegiuinnudunldgy  lusrnis@nihldmuuuiaes
4, nlaq o e a2 a . : 4
wesnaunguugiih ludszmondims@iniviess I lumsdnnaluseude 1y Fwa
¢=l p Y ° t 1 o b 4 14 @ <
nlavinmissnalundazgrwazwan ldsnmsnaassaoandostud  KanIsAAYA
: =y A 9 LY a o 1 a o
aussouzvesquihvesszuylunsdifieldndvauuaseriind  dsinginlszdniamsay
- g A P 1 - Y
vesszyuziinmnniudio ldnanugesnnniu - wanmsfinuaussousszezes 1@

4 "
UszdiudSunaniswsTumasluudaziu sassilvestiiadoelntonuuusiassninain

18



Abstract
Te 138391

This research work studies performance of thermal solar water pumping with no any
moving part. The methods of the studies can be divided into two parts, the indoor test when the
energy supply comes from electric heater and the outdoor study when the supply heat is
generated by an evacuated solar collector.

In the first part, the system consists of an evaporator tank, a condenser tank and
electrical heaters with controlled unit. The experiments have been carried out by varying the
electrical power input at 300, 600 and 900 W, the pressure inside the evaporator tank is set at
143, 163, 184 and 205 kPa absolute, the suction height is set at 1.0, 1.5, 2.0 and 2.5 m, and the
discharge height is set at 1.0, 2.0 and 3.0 m. From the experiments, in the heating stage, it is
found that, the temperature and the pressure inside the evaporator tank increase with time and
with the rate of heat received at the tank. In the pumping stage, Bernoulli’s equation in case of
unsteady flow is applied for evaluation of the discharged water amount. In the cooling stage, it is
found that the decreasing of the temperature and pressure inside the condenser tank depend on
the temperature difference of the tank and the ambient. In the suction stage, it is found that, the
sucked water amount depends on both the sucked pressure and the suction height. In the refill
stage, a model 1s developed for estimating the final temperature inside the evaporator tank after
rcfill stage. It is fiund that the calculated results from the model agree quite well with those of
results in the expcriments. It could be seen that higher value of the set pressure, higher amount of

discharge water, v"hereas the suction height shows insignificant effect. It is found that as the total
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height increases the amount of the discharge water decreases. In case of the pumping efficiency,
the efficiency also increases with the amount of water. However, there is a limit. When more
amount of water is needed, this requires longer period and more heat for generating the required
pressure.

In the second part, an evacuated tube solar collector of 1.8 m’ is used for supplying
heat in the pumping system. The experiments have been carried out from 9:00 a.m. to 4:00 p.m.
in January 2001 at Chiang Mai University, Thailand. The pressure inside the evaporator tank is
set at 170 and 198 kPa absolute. The suction height is fixed at 2 m and the discharge height is set
at 1.0, 2.0 and 3.0 m. The operations have 5 stages, heating, pumping, cooling, suction and refill
and there is the model developed in each stage. From the experiments, in the heating stage, it is
found that, the temperature and the pressure in the evaporator tank increase with the incidence
solar energy. In the pumping stage, Bernoulli’s equation in case of unsteady flow is applied for
evaluation of the discharged water amount. In the cooling stage, it is found that the decreasing of
the temperature and the pressure inside the condenser tank depend on the temperature difference
of the tank and the ambient. In the suction stage, it is found that, the sucked water amount
depend on the sucked pressure. In the refill stage, the USUF analysis is used for estimation the
final temperature inside the evaporator tank after refill stage. It is found that the calculated results
from the each model agree quite well with the measured results. For the system performance, it
could be seen that higher the total height results in higher the efficiency. At a given total height,
the set pressure slightly affects on the efficiency. For long term performance, the daily
discharged water amount at various total heights in each month at Chiang Mai, Thailand, are

evaluated.



