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ABSTRACT

It is very important to eliminate the user risks
by means of a certain performance guarantee by the
contractor . A simple method 1ds introduced for
predicting the approximate change in the system
performance parameters due to a change in an

" operating condition and also justifying a suitable
mathematical model which can describe the systenm

' behavior in the case of no load condition on the
basis of " restricted information. . The model is
verified by comparing its results with the published:
experimental work . The results showed that the
instantaneous and storage efficiencies depend mainly
on the design parameters - while the effect of
operating factors must be taken into consideration
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INTRODUCTION

1t is very important to eliminate the user visks
by means of a certain performance guarantee by the
contractor . Alsc it is very important for the user
to have a simple method to compare between many
offers on the basis of his own conditicons . This
needs to * perform an easy method to predict the
approximate change in the system per formance
parameters due a change in one or more of the
operating conditions . For the manufacturer a
suitable mathematical model which <can describe the
system behavior on the basis of restricted
information and optimize its design according to the
user requirements (by solving the reversed problem)
is needed . Such work for a thermosyphonic system is
" not found in literature

A considerable amount of work has been carried out
in attempting to predict the thermal performance of
the solar water heaters. The more notable ones and
those relevant to the present work are discussed
below: ' )

Ong performed two studies [ 2 ] and [ 3 1 to
evaluate the thermal performance of a solar water
heater. In the first study [2] he considered the
linear model,while in the second study (3] he
improved his first theoretical model by dividing the
system into sections . Ong’s work appears to be the
- first detailed study dealing with the thevrmosyphonic
systems ,but due to the very basic scheme of finite
difference he used, the time step is very small {( 0.6
minute )} which is impractical for a long term
simulation

shitzer and others [4] _,[ 5 .] pgrférﬁéd two
studies . The first study [4-]»deals-with“the met hod
of solving the differential energy equation and the
coupled momentum equation to obtain the steady state
linear and non-linear temperature distributions to
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predict the volume flow rate variation. ~The second
study [ 5 1 provided the needed experimental
information about the system behaviour ,which support
the assumptions given by Ong [ 3 1.They measured
thermosyphonic flow by using a thermal dissipation
tracing method which introduced an error about 1.0
mm of water at a Reynold’s number of 1100 [ 8 ]. The
mags Flow measurements in [ 5 ] were found to be
approximately 30 % higher than the theoretical
results during the period of steady flow near the
solar noon . Shitzer and others [B] . alsoc observed
that the flow rate fluctuated considerably even when
other factors were constant and suggested that this
may be due . to hydrodynamic instability in the
collector -storage tank system. :

“Haung and others [7] presented a simplified
simulation program following Close’s model [ 1 1 .
The number of sections in the tank was taken 5 only
and the used time step was 15 minutes. )

Morrison and others [ 8 1 compared theoretical
predictions of flow rate in thermosyphonic solar
collectors with experimental measurements obtained by’
usingva:laser doppler anemometer.

Tsiligiris [ 14 ] presented a simple computer
model suitable for design of large solar water
heating systems of forced circulation type .

The present work aims to study the change of
system parameters due to changes in one or more of
cperating conditions that affect the thermosyphenic
system performance parameters. , described by the

manufacturer .

The Change of System ferformance Parameters :

It is very important to predict approximately the
resultant percentage change in the wvalue of system
parameters due to the change of an independent
parameter or more . A system parameter ( St) is a



parameter which describes a system property behaviour
during sunshine hours , such as the rate of « heat
gained by the flat plate collector Qg , the rate
of heat removed from the collector ar s the
thermosyphonic head Hth, The thermo- syphonic mass
flow rate M ,the instantaneous ( collector)
efficiency e, the system storage efficiency , Lov .
the water temperature rise through the collector ATe
and the mean tank temperature TT . The change of any
of system performance parameters depend on how much
operating conditions deviates from the manufacturer

conditions

The operating conditions can be regarded —as
independent parameters ( X ) , each has its ouwn
independent effect on every system =~ performance
parameter, such as the scolar intensity Ittt , the
transmlssxv1ty of glass cover system ., T ., -the
flat~plate heat loss-factor ,He , the friction facltor
,fric, the Nusselt number , -Nu .,the wind wvelocity
based on 1 ws/sec ,wind ,and the fouling thermal
‘resistance , ‘foul . o

I SRS . -

"A system performance parameter (.S ) is‘,a‘,-time_

dependent variable . For simplifyirg ' the” prébleéem™,

.its value ag near as possible to its maximum point is
taken as ;a refgrence point and is “assumed time
independent ; The value of & system parameter (-5~
at its reference time - is | a function 'of the

_independent variables (xl,xz,xa... ) i.e.
S'= X 9 Xy X g x )«
Sr"$:€ IW_kz s SRR ) . ¢ %mn)

Let W be the change in a system parameter and Q"w
. wa,...w be the changes of the 1ndependent varlables
.The system parameter change will be 7 ' ‘

d g ag 7 a8

d§ = 3 dx1k+ 5 Xz' dx2+ - T dgﬂ ( 2

- 82 -



The magnitude of this change
' -2

2 28 . Y 1% _
. [ z [ e dxi_ ] ] (3
The relative system parameter change form is

ds§ - n g § dx, X, L
o : L 1 ¢ 4 )
§ ° [Z [axt * S] ] '

and its relative magnitude

i

w

w_ n as L z %}
ABF'S Z[Z[axi_ g wi)] €5 )
or
2 4
2

] ' 1 .
As = , W om ‘ s F. = 7% . §

Ficould be defined as the relative change 1in a

system parameter resultant due to a unit relative
change in an independent parameter 1 , while keeping
all other wvariables constant

wi rvrepresents the relative c¢hange in the

independent parameter i The resultant uncertainty .,

Aéis the relative .change  in a system. parameter

resultant due to relative change in many independent
parameters

CALCULATION OF SYSTEM PERFORMANCE PARAMETERS

The lavout of a typical thermosyphonic solar
water heater system and the hypothetical temperature
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distribution of the flow circuit are represented
schematically in Fig. 1 . ~Although the- system has
few components,its performance depends of many
factors which are varied with time. The model follous
the same assumptions as in [ 6 ] . ‘A small time
interval is taken during which the time dependent
variables experience a very small variation,thus the
problem can be treated during the mean time interval
as a steady state problem. :

Considering the energy balance of a section number
J in fig. 1 which has a water equivalent Wu and mean
temperature ,TJ , after time interval , A8 , is given

by

dTy - | o |
NJ-a-a—— = (Qj,i. -Qj,o) ) ( 8
and
A TJ 2
A8 NJ ( Qj,i. B Qj,o ) : €9

The finite difference scheme‘ﬁhich was used-in Ong
{21,031, and [ 6] is :-

A ®
- :Q - Q(K,J)_,o )(10)

T = T + ,
(K+1,J0) {K,J} Wa (K,Jd,14

In the present work the suggested finite difference
scheme is:i- :

A8 R
T . =T +—(e = .- Q
(K+4i/2,0) (K,J) 2 WS ( (K, J),1 (K,J),0 )
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T T +
({K+1,J) (K+4-72,Jd)

A G

+ ——— —
2 W (Q(K+1/2,J},i Q(K+1/2,J),o ) ¢ 12)

where

for flat-plate collector ( i.e 3 =1)

Q -Q - - T
( J,i J, 0 ) = Ach(qa Hc(Ti To,))
[+]
. t —
M cp( - t“) ( 13)
for the upriser pipe ( i.e J = 2)
( QJ,L - QJ,vz) ) -

-qu(TJ- Ta)wmcp(T2~tiz) ( 14)

for any other section ( J >3 )
s— Q p— - —
(Qd,i. J, 0 )= UJ (TJ Ta. ) .
- c(rT-T 1
M p( J J-i) ( 5)‘

The instantaneous efficiency , §. , is a measure of
ER T < ‘

the heatjremdQeg fyom’ the “coklactor .while the system
storage efficiency , { ., is the ratio - between the
increase in thermal energy stored in the tank and the

total sum of radiant energy falling on the c¢ollector
surface up to the time considered.
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oV

JJ-4

Z { wva TJ )
JJ-1 ( 16)

Zw
Wt

Tm = mean tank temperature =

THERMOSYPHONIC FLOW RATE

The thermosyphonic head which causes the flow to
circulate is indicated by the shaded area on

temperature height  distribution  and equals

-

é;(lvjﬂn)dz, The area enclosed consists 6f..

1 - Positive area Leksin{ B )x( 1-yan)
2 ~ Positive arvea (gg - Lexsin(B) *(1-yd2)

3 ~ Negative area.[(l—ynndz

z1
4 - Negative area (Z1 Yk(1-piid))
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J=1
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J = JJ7
- ) 't‘ - Temp.
Flg.!-a Layout of a typleal thermo- Fig.t-b Hypothetical
syphonic solar heating systenm. temp.distribution
QUin | =A F (g, = H (T, - T
g cera e 4 a
Mct - ' Met,
P X _ A TJ prAZ
w.r A @G
g =41 , T =T
44 . JJI
The flat-plate solar cellector
QLOB:T = UJ ( Ti.— Tq J
H cpt1lz AT, uet,
—— e ] o
wJ A G i
J =-Z

The energy balance of the upriser pipe .

Qlopt T i UJ ( TJ - Ta )

]
M CPTJ—I- A T_, M erTJ
—_—p| -
w.r A B
J Z B

1-c The energy balance of the system sections .
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This is balanced by the head loss due to friction in
the collector pipes and headers and secondary losses
through the system .The secondary head loss through a
hydraulic resistance of length £ and inner diameter
D and for fully developed flow is represented by an
additional equivalent length A¥ = ¢ D /£ where £ 1is
coefficient of friction through the concer ned
hydraulic resistance and € is the secondary head loss
coefficient . The head loss for a fully developed
laminar. flow through a hydraulic resistance of actual

length ¢ :

b= 128 x u x( £ +AD) /(gxprrxDtyx M

RESULTS AND DISCUSSIONS

The specifications of the system mentioned in [5]
and also the location parameters of the 1lab. were
fed to the computer program as shown below

The_colléctor plate and pipes are made from steel.

of 1 mm thickness , insulated by the glass wocl from
one side and black painted and covered with a single
commercial glass of thickness 2 mms . The pipes are
of internal diameter 1.25 cm , length 168 cm and are
placed with pitch 12.5 cm .The header length 1 m and
inner diameter 18 mms The collector system consists
of 2 parallel panels .The area of each panel 1.18 m2

The length of the downcommer pipe 2.75 m and of the
upriser pipe 2 m with inner diameter for both 18 mms
with wall thickness 1 mm and wall insulated with
thickness 5 cm of glass wool . The storage tank is a
cylinder of height 89 cm and volume 140 liters . The
bottom tank section is 5 cm height . The top tank
section is 1/3 of the whole tank . The bottom of the
tank and the end of the solar collector ~are at the
same level . : '

The solar collector is tilted by 35 degree with
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horizontal and south facing . The latitude of the
lab. is 32 . The calculated collector sun rise time
is 6 hr and the sunset time is 17.93 hr solar time

The date is 27 July i.e. day number 209 considering 1

January equal day number 1

In references [ 3 . Jand [6] the number of tank
sections and the time step for numerical calculations
should be carefully selected to avoid numervical
instability . The time interval was 0.6 minutes . The
presented scheme of finite difference was tested as

shown in fig. 2 . It is found in the present work
that ,for time steps up Lo 4.6 minutes ., the
stability of solution can be achieved as shown 1in
fig. 2 . The present simulation was carried out

with 13 tank sections and the total number of
sections was 16 and the time step was 2.4 minutes .

The maximum values of each of system performance
parameters occur at a time depends mainly on the time.
of maximum solar intensity . Also , from many
numerical experiments it is noted that the system
parameter curves are not intersected at different
values of an independent variable .Therefore each
system parameter for a reference value of an indep-
endent variable could be characterized by its maximum
value point or closer to it as given in Table 1 .

Table 1 The reference time of the system parameters

ITt| Qgo Qr Hih | FLOW] (i Lov| ATe {'TT

12. 11. 11 11, 13. 10.] 1z2. 11, 17.

A series of numerical experiments were carried out
for calculating numerically the factor FL for = the

main effective independent wvariables and performing
the change propagation through the system performance
parameters ,each corrvesponding to its own reference
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. The independent wvariables, X, which are

point
considered in this work are
1- The solar intensity Im (i =1 )
2- The transmissivity of glass cover system , T ,
(i=2 ). .

3- The flat-plate heat loss factor .Hc , (i = 3 )
4— The friction factor ,friec, ( i =4 ) .
5~ The Nusselt number , Nu , { it =5 ) .
&6~ The wind velocity based on 1 m/sec , wind ,
( i =6 ) :
7- The fouling thermal resistance , foul

The effect of the previous independent variables on
the system performance parameters had been
investigated and presented through figures 3 - 15
The effect of solar intensity relative deviation on
the hourly variation &f the thermosyphonic wvolume
flow rate during sunshine hours is shown in fig. 3
The effect of solar intensity relative deviation on
the hourly variation of the Iinstantaneous. colleé;or
efficiency during sunshine hours is shown in fig. 4.

The effect of solar intensity relative deviation
on the hourly variation of the storage efficiency
rate during sunshine ‘hours is shown in fig. 5
Although in each figure the .curves are very close but
the validity of the assumption. that the reference,
value of a system performance is a time indebendent'

variable is clear

The effect of solar intensity relative deviation on
the absolute reference value of system performance
parameters is demonstrated through figures 6 =~ 9 .
Its effect on the rate of heat 'gained by the
collector and also the rate of heat removed from the
collector to upriser pipe is shouwn in fig. 6  .Also
its effect on the thermosyphonic head generated due
to temperature distribution through water paths in
fig. 7 , on the thermosyphonic volume flow rate based
on the inlet collector temperature , and on the
instantaneous and overall efficiencies in fig. 9
In all figures approximate linear relations are noted

- 90 -



TUlW/ WO 810U MO L BWN|OA
ogcozammoswmga.mzp U0 w0l o) ABp
Jojos g0 j0e440 8y By

A11suet

b 9

(4noy ) swy Iojog
L bl !

Al 8 8

.l.ll
FEXRL
——
$EER A4
—
LE B & W)
———
X2XX X
Fr e

‘- =A8P G000

=

8

eq'-DJ Mo |3 21 uoqdr(.s_omqeq“l_'

8
&

(uyw gowo )yt

8

wd | wm mo| ) 9y uoydAsowdeyy

P8O NS Y By] O SBINHIW U

deys ewil Jo j9644e 8y gz ‘Bigy
m .cﬁEu ! _0>Lm#cQ mEﬂF
§ 4 g 2 4 J
st iaelanagasrep vy eoqaaatiiggantig I}
F oot
-0002
|
- 000L
-

§

UYWL WO

eqod MO

{

91



sedid Jojoe| |0

' 98S/w | uo peseq peasds puin Jo ybneuyy MOiL BY} 1O Jequnu 1jessny
sGusy2 841106y uo sueqewoJod 40 8Busyo ea190 8y uo suejewoJnd
SouUsWJUotJed wetshs viow o omcor_o. goURWJO} ued weysAs viow jo ebBueayo
8A1198d Jo moco_ucmamu m_.._._. m_‘.mwm BAllR|BJ . O mocmncmn_mv a8y vﬂ.md.hw

peads puim uj 9bubys aayD(ey NNQ sBudys amiypiay
RO Ve W9 8B zB'e- pp- 0 %88  ¥8'% 230 e's  8'0- +o'e-

:._.._._.__.__._:_....___.:_:_.._.....____rg—.&-Ore N -._—__E_._:__.::...._.::_.___._:.._:|Q¢$-®.IOH
- o E o

- - mowS.@ -

- 0000°0- < 3 <

C. o - m 9

5 Foom'0 5

-0b00°e-J 2

X © S ia]

F o Fe2ea's ©

Feooe'e 5 : 5

E o Ceree e o

r < 2 <

F 9] E ]

Fevoa g 3 o

F T - 6900°2 T

F 0 C 0

c - £ ]

L o - F 0

. 28020 3 28000 3
« [+]

- I

] ]

] |

ir] o

92



* lonpoud souvjddosqu-Aqyarssiwsuogy * A118usjul] Jejos
4o ebuoyo eA11918J U0 sJejewnJsd 40 oBuvyo 8A1 R |0 uo SJusjeweded ) :
gouswJo Jed we1sAs uyew Jo eBuoyo educwJolded weysAs M ew yo efuoyd
8A119|8J Jo 2Juepuedep ey| ||*G6y4 ea119|es Jo souepuedep syj @By 4

‘poud diosqosupiy ul abubys saypjay Aytsuajul Jpjos u) sBuoyd m%uim .
S3's  vR'0  28'@  0R'0  2'e- W0~ A 993 08 W0 @08 200~ 98-
:..—_._._P_r:__.__—__E:F__:_._.:_:_.____..__I.W&.@Im. _L::_:_Chbv:.__:_:.:__..__:__.__.:.__:|_TQ-OIOH
E D E -
E o o o
E ~ C 2
=28°9-< C ~-
C @ -28°6-<
£ - o
b 9 b o
Franse 3 L
F00°0 5 £ = f
- 2 E o 2
E -08 8 o
£ ia] - 3
£ .o Q o))
~28'9 : o '
S : ~
E -29's o
EoL. @ o
”T&Qrﬂ [ m
F L C <
o [ o 11
o e
E E Le]
F o E o
£ o- o 3
c bl o o
802 o %9'¢ 3
3 [
Q [
- ©
Q 3
9 @
(U]



*syqed weysAs ybnouyy doup eunssedd
Lo eBueyo ea11v|ed uo sJejewsJuud
poudwJojJed welsds wviow jo ebBusys
8A11¢|ed 10 souepuedep ey] ¢|*Br4

40 96uDpys aAup[eY
%90 @@ 290 090 20'0- ¥d'e-

____._._.____:________::_.______:_::.Mrrr S—Q.Gl
6908 2=
i »
) F 0000 ‘G
AL e——— T
O wtemwx mg@
>&+++I C
gvf+##ﬁ o
MOTd et -0019°0
1 Y1H weeav =
040 voeea £
08 ssev0 -
“gglo'e

)
<]

u

s 87

efueyo eal 19 ]ey

swoued-sAs

1U8131 400800 §s0; (eey 819 |d 1914
40 eBueys sayqe|eJ uo sJejswo.ud
suswJogaed weyshs uiow o ebueyd
A 4e(ed Lo souepuadep ey Z|*B14

3 °abubys aaljbiay
90 26 20 09'0 200- ¥0e-

Leadgargelare ey by teraatyiibrarradosaqagsrt *

8

ST T T T T

&
N
8A1q 2] 8y

i2'g-

8

-
e
<

S R AL LR LML B LR L LR

<
sJeewvusd

eBuocyo

ul

rahs

94



Aqyisuequl Jujos 1o ebusyo 8a119 |84 : A1ysuequy Jejos

07 enp ss8youel ol e efouoys pue - 40 eBueys sAa13Vj8d 01 enp
snoguejueysuy o ebBueyd ey g B14 pejeJeued mo |y 91 uoydisowdsyy
40 819y io ebuoyo eyl gQ'B14
Ajsusjul Jpjos u) sbupyd aAlDjRY : r_m:wE._. iDjos ui omc.o_._o AYD[EY
98’6 b9 28 .ee'e 29'9- ¥R'e- Se°e ¥a'a 28'@ 92'0 £9°'0- @8-
pvaseg g by pergane e st let et ﬁﬂ-@ _——ar—h..._ﬂ______qq__—u____—_-___-‘______._—_n_———l§#
0 :
L T o
I ) C
C > C
—a—5—8—8—8—5—8—5—8 @ oo
rez'a® .
S :
m o m8¢_.
L A r
fousy911)e ebeJuys AEpon W9 o
Aoue1 03 4,8 SNOOUSIUBI3 LY GOOOD[ M F
C 3 -@est
S m
C - E
-2 "0 -4 -
S P21
E e :
—e—6—6—6—0—9—0—0—0 [ o ;
(o] t. _ C .
es'e s
Q
o

i u‘] w W o )

uy

-owdey |

o}t

95



Aqisusquy, Jejos Jo eBucyo eayqe ey
07 enp peqoueued posy oy uoydLs

AYrsuerur usjos Jo ebueyo
8AT0 54y 07 BND J0Y28] |00 8y
woJdl peaocweJ 86y 10 €]%J &Y

pus 40106 | (00 8Yy Aq peuyod

-0WJeyy Jo 8194 yo ebuoyo ey /61 ..ﬂomc 40 e194u 4o eBuvyo syl 9 ‘Big

5a°9

Allsusjui apfos ul abupbyo saybpy O

e o 229 e2'e  20°9-

Lrigadiateqnaiale gttt ererlararey

Ajisusju) Ipjos up abuoys sAyDiRY

¥0'0- w. %8 o'e 22'0 ee'a  28'p- ¥@'0-
lmN.TU ::._:__.:_.\_L:EFC:._:_:__F:__F_._._.:..|®N._.

L ] .n.
E o . 0
T E T
o toze o
L 3 r =)
Lo n e}
Cor £ °

d uv n
r ? EBLTL
c 2 3

3 :
s 0 E A
sgyl ~SCU10
557G %
L L o o

L T E
E 0 E ]
L 3 v Y
-y © E I
o r bl
. -y peacwedJ 106 5u06a Egpr o
N b sujewb q0e 2 e

- 0 peu; p! Iooooou
. o £ -
Capry 205" L ~
r

OZH Wy

96



. »u.cm:_uﬁ.,[.o efivioqs . ’ .»ocﬁn:%%m Jayoe| |09

weysAs 8y} UC uo1 (v Aep $N0BUTIUDISUY 8Y] UG uolvlaAep
A1ysuejul Jev|os Lo 19eiis ay| g 61 A11suequr Jejos Lo (9eyis 8Y] - B14
{4noy)* sumy ipjog o .Cnoﬁ._. awlly 1pjog
BL - 9L Wz el 8 3 gk 9t w2 8l g 9
Aatyrerolbeaagrreeferrogacardsaagiry _--._-_‘—--_-____IQI&' ”gno
G0'0. ) c 3
9976 sraax : : —
v3'Q e S S
so'p 'EEEE nQ@&S u.®®w &Wi,
2o hyrgrn F m.. ]
. C r =z
12'9 Yyl £ 3 C 2
Q00 EETT £59'0 4 A
a3 - EXE L o o s o
20°0- T = R
£0°Q- =48p 50000 4 SR
caL'e L oos g
£ o s 0.
@ : -
C o L ™
t51°9 Toey'a0
= < = 3
o [ z
C . L a
"oz 00570

97



but with different slopes. This observed linearity is
due to the small interval of relative change of ITt .

The effect of relative change of many independent
variables on the relative change of performance
parameters at their reference values is shouwn through

figures 10 - 15 The slope of a line represents
the factor F defined by eq. 7

The rvesults are summarized in Table 2.

Table 2 Parameter

Ae FITt FT FHc Ffri.c FNu Fvind Ffoul
Aago L9359 | 9359 |~ .3600 L0000} .0720(—.1440 . 0000
Aaro 81261 .81261~.3196| .0273|.0722}—-.1315] .0007
_Anru .4219| .4219}~.1660| .1736].0376|-.0679] .0008
SeLow|.6920.6920]-.3761]~.1614] .0579 |~ .1537 |- . 0008
AZ; LO000011 031 |- .2062 .OlOO'O . 2062 0000 . 0000
AZﬂv A15211.116-.4379 ";0466 12071 .1419 ".0007'
ADTG }2347'.2347 -.0941| .1783 -0189 - .0429 0000
A E -

TT 35201 .3508|-.1833|-.00171.02721-.0478|-.0014

In Table 2. ,the nil values of FL means that the

system parameter Sis not sensitive to the

in the factor x.
1

. variation

If a system parameter has a wvalue

S ( the rate of heat gained by the collector ngas
an example ) and an independent variable ( the solar
“intensity as an example ) is changed by + 5 %¥ as an

example , then the maximum value which occurs at the

reference time 11
increase by FixAix§ = 0.9359%0.05 x Qgo and the new
o

hr solar

- 98

time

is

expected to




value will be , (1.0+F1*Ai)*8°=(1.0+ 0 .9359%0 .05 )xQgo

If the change in more than one parameter then the
change will be -

A =7 (Fext)® + (Faxdz)? + (Faxda)?
and the new value will be ( 1.0 + A }x §

From Table 2.it is noted that the wind wvelocity
has a great effect on the calculated thermosyphonic
flow. . In this work ,it is assumed that the. system
is new i.e the fouling resistance could be neglected,
also the wind velocity assumed 1. m/sec which 1is
reliable in many times in summer (the wind speed Iis

not mentioned in [ 5 ]). Also,it is noted - the
importance of daily maintemance of the glass cover
and cleaning it from time to time. The heat loss

coefficient has a great effect on the mean tank
temperature . Also, for the wind effect ,the designer
should take into account the wind effect as shown in

Table 2

The above table could be used also for analyzing -
the reasons of deviation betwsen the experimental
measurements and the calculated resultis . :

Fig.s 16 - 24 show the comparison between the
model predictions and experimental measurements in[

51, from which a good qualitative agreement is noted. . |
The calculated solar intensity is less than’  the..

measured one as shown in Fig. 16 at noon .with “about
10 % ,which is referred to the method itself.
Fig. 18 shows the comparison between the collector

inlet and outlet temperatures and the measured onés ._"35'

The comparison between the measured water température
variations at the top of the storage tank- ,and - the

calculated ones is shown in fig. 20 . It 1is noted
that the predicted mean temperatures . are less: than
the measured ones . | This is referred mainly to the.

error in calculating the intensity of solar radiation
as shown in table 2 o '
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Fig. 24 shows the variation of the calculated -

rate of heat gain and also the comparison between the

calculated vate of heat removed from the collector

and that calculated = from the experimental
measuvements . The comparison shows a very large
deviation (with about 50 % at 11 am.). The source of
such large deviation due to (by the help of table 2 )
the overestimation of solar intensity and under-
estimation of collector top heat loss coefficiept

In this work other values for equivalent léhgthsf

of the local hydraulic resistances due to bends and
T~sections are chosen from [ 13 ] which are too
smaller than that used in [ 6 ] . Fig. 19 shows the
comparison between the predicted water ~ temperature

rise ,ATc, and that obtained from the experimental

work. The predicted ATe is higher than the measured
one specially around noon .

From Fig.23 the maximum error at noon is about
30 % with respect to the mean measured value of the

thermosyphonic volume flow rate . ,but away the 'noon

time the error decreases . It should be mentioned
that the experimental results show scattering wvalues
for the thermosyphonic flow + 30 % ,~ 20% of the mean
value and for the instantaneous efficiency * 10 % .
also the error -of the flow measuring method is about
imm of water at Re = 2100 (noting that the maximum
thermosyphonic head is about 6.8 mms of water as
shown in Fig. 10 ) which means that the measured flow
is not very accurate . Any how , the representation
of ATc becomes better than [ 6 ] while at the same
time the vepresentation of the thermosyphonic wvolume
flow rate becomes worse .The other variables has not
notable changes especially the rate of heat removed
from the collector. This explains the previous note

Fig. 23 shows the comparison between the calculated
instantaneous efficiency , Ct,and that obtained from

the experimental measurements in [5 ]. The predicted
instantaneous thermal efficiency is always higher
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than that deduced from the experimental .measurements
by about 20 % at 10. am solar time. From .table 2
this could be referred mainly to underestimation of
the value of collector top heat loss factor

CONCLUSION & RECOMMENDATIONS

1- For the user it is very important to pevform an
economical study to compare between different offers
according to his own operating conditions . Alsc for
the manufacturer , it is very important to eliminate
or decrease the risks of guarantee according to the
user’s operating conditions . The present study gives
a useful tool to fulfill these requivements

2—- If the user has to install the collector system
in a windy or dusty place , he nust take into
account the negative effect of these factors ~in " the.
economical study . The present method gives the user
and also the manufacturer a good mean to do that

3- The model results agree very well qualitatively
during the main part of the day with the experimental
results of ref [ 51.

4- It is required to design more accurate methoed to
measure the thermosyphonic mass flow rate
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NOMENCLATURE

= gurface area of flat plate collector , m2
= collector tilt angle with horizontal

= water specific heat capacity , W/kg/C

= Flat-plate efficiency factor as defined in

[ 2 Jand [&]
the relative change in a system . parameter

resultant due to a unit relatlve change in the
solar intensity ITL
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F,r the relative change-.in a system parameter

resultant due to a unit relative change in the
- transmissivity~ab$orptivity product
FHc the relative change in a system  parameter

resultant due to a unit relative change in the
collector heat loss c¢oef.

F},c the relative change in a system parameter

resultant due to a unit relative change in the
pressure drop through the system
FNu the relative change in a system paramneter
' resultant due to a unit relative change in the
Nusselt number of the flowing liquid

thm the relative change ‘in a system parameter
resultant due to a unit relative chahge'in the
the wind speed based on 1 m/s - :

F}mﬂ the relative change in a system parameter
resultant due to a unit relative change in
the tube thermal resistance as a result of
fou%ing deposits : -

'HC - heat loss coefficient factoras in { 1z 1,
T W/m2/C ,

Iy ™ the total solar intensity calculated as in

(11 1, W/m2

J - section index

Le - collector tube length , m

M* -~ the thermosyphonic mass flow rate ,kg/sec

UJ ~ overall heat transfer coefficient for section
number J , W/mz/C

qa -~ total heat absorbed by the blackened plate.,

= 7,0 I s W/m2
Tt
S - heat gained by the collector
e ¢ a < i a
go - Rate of heat gained by the collector at its

ref.time, W
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Q - rate'of‘heaﬁ'rembvéd'from“the'collector
- ! o '

=M Cpct12x1 tli) ’_N L '

ro - Rate of heat removed from the collector at its
ref. time o

Ta - the ambient temperature , C. 7 .

tii, iz - the inlet and outlet céllectqr

" temperatures ,C !
T = the initial system temperature.

NHJ—mass of water inside section no.J
NJ ~water equivalent of section no.J including the

water inside it , the wall metal , and the
insulation , W/C o
wi a relative change in the independent parametef i
~Z1 - the vertical distance between the storage tank

outlet and the collector inlet , m
Z2 - the vertical distance between the storage tank
" inlet and the collector outlet , m '
T & - transmittance -absorptance product as in [10]
yi- water specific gravity at temperature t

As the relative change: in a system parameter

resultant due to. relative change  in many
independent parameters ~
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