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SUMMARY

This work presents a theoretical and an experimentel
invegtigation for the thermal performance of two systems of

solar collector, namely:

l- The traditional collectors: Three types has been deve-

loped and invesatigated with different shaped tubes such as:
Type I of rectangular serpentine tubes, +type II of circular

serpentine tubes and type II1 of separate tubes.

2= The compact collectors: Three types with different form

of design have been developed and tested such as: steel box,

gypsuz basin and steel basin,

The collectors were tested under typical weather con-
ditions of Cairo, BEgypt at the field of tests st the Building

Regearch Center in Dokki.

Computer programs have been developed for each type
and for each collector. The data used to run the programs
were the samme as reccreed during the measurments. The progm
grams have been used to investigate some construction factors

to improve the thermal performance of the collectors,

The theoretical approach deals with the estimation
of the incident sclar radiation on the tilted surfaces, the
overall heat loss coefficient, the fluid heat transfer co=-
efficient, temperature of plate, cover and fluid and the ef-

ficiency which is given by a set of equations.
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Generally, the outlet water temperature reaches to
78°C for the intermittent discharge per hal? hour inter-
vai, 55°C for the continuous discharge of 0.004 kgjnﬁLs
s 52°C for the discharge at the end of the day and 39°C
for ‘i:he discharge of 10 kg/m2 per hour or for the conti-

nuous discharge 0.004 kg/mzs from the storage.

40 economiczl study is also included to indicate the
cost of each collector and to compere between them, The
cos8t reaches to 43 L.E. for the steel basin which gives
44,8 kg at the end of the day (i.e. at 1330 hour) with

outlet water temperature 52°C.

The study also introduced the comvact system acts
a8 a solar collector and storege which has & low cost ,
simple technology, good thermal performance and is suitable

for rural sresas,
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NOKBECLATURE
Ac H collector area, H?
By & 5 89 3 b: Coefficient in empirical relationships non
CA : cost per unit of collector area. L.EB
Gb : bond conducinnce,., - W/m?°c
CE : cost of eaulipment. LB
C : specific heat, KJ/Kge°C
Cq : total cost of equinment, L.E
D 3 diameter damping facior i
da : market discount rate. non
e H ernissive power (base of natural losarithm) non
I : Tin efficiency fector, | non
F 3 collectivr elfficlarnar factor, non
?$ H ccllector Tiow Yuclor, non
Fu : collector heat removal factor, non
) : cravitationul gecelexrgtion. m/secg
Gr : Zraanof nuater, non
Gsc : golar constant , B/m?

heat irensfer coefficient betwsen the fluid

4,
+4

and the wall, y‘/maoc

Riee 3 heat transfer ccefficieni by convection between
plate and cover. W/m2°C

hn—w : nheat transTer cos{Ticient by convection between

' 2
plate snd weter, W/m™*¢C
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heat transfer coefficient by radiation.

'Wlm2°c

heet transfer coefficient by redistion hetween w/m2°c

cover and eir,

%]
heat transfer coefficient by radiation between Wnt c

piate and cover,

1+
heat transfer coefficient by convection betweenW/m2 '

v

plate and water,

-]
heat transfer coefficient by convection betweenW/me C

water ané cover,

is the incideat radiation on a heorizontal Plane Wm-a

is the hourly incident beam rediation on a hori- W/m?

zontal plane,
1s the hourly incident diffuse radistion on a

horizontal plane,

W/m<

is an unpolarized incident radiation in =a medlum.WVm

is the normel incident extraterrestrial radiat- W/m?

ion on the plane oz the n the day of the vesr,

is the unporalized reflected radiation from a

medium,
is the incident radiation on g tilted plane,

is the inflation rate.
is +the extinetion coefficient.

is the thermal conductivity,
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thickness, m
length. n

mear,, mortgage interst rate, constant mnon
nmess flow rate, Kg/n?s_

medium, day of the yesr, constant in equations non
number orf covers, term of mortgage or economic
analysis,

N usselt auwnber, non

K usselt number Tor water fluid in tubes or boxes non

P randth number, non
present worth factor, non
present worth oi ihe payment. non
energy per unit time, W/ne
total solar energy sbsorbed by collector. W/m?

W/ n2
rate of enerzy 1losses,

i p O
rate of energzpy storage, &/nﬁ

W/
rate of useful energy gain. E/n?
paduis, ratio. ®, non
Ra leizh number non

ratio of beam rediation on tilted plane to that
on horizontal nlane, non
Renold nwaber. non
the perpendiculur component of reflection of

unpolarized radiation, non
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the parasllel component of reflection of un=
polarized radiation,

the total reflection of unpolarized radiation.
absorbed solar energy per unit area.
temperature,

ambient temperature,

cover temperature.

fluid temperature.

inlet fluid temperature.

mean fluid temperature,

outlet fluid temverature,

plate temperature.

meen plate temperature,

storaze temuerature,

sky temrerature,.

water temperature.

back loss coefficient.

edge loss ccefficient,

overall loss coefricient.

gstoraze loss coefficient,

top loss coefficient.

wind speed,

distance between tubes,
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“c
°C

2
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°C
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or

s

2C

°C

eC
W/m2°C
W/m2°C
w/mZ°C
W/m 20¢
W/n2°C

n/a



Greek

7 v

o o &N ® S R
NP

7 a

Z%er
7 »
s

w

L1} . . 2 e e as (1} L1} as (1] (1] L 1] [ 1]

- Y] (1)

Y

- vii =

absorptancesythermal diffusivity

slope-

surface azimuth angle,
declination

emittance,

efficiency.

angle between surface normal aznd incident

radiation.
dinametic viscogity
Viscosity ‘
reflectznce.

diffuse reflection

S8tefan - Boltzman constant,
transmittance.
transamittance by 2bsorption
beam transmition,

diffuse transmition,
transmittance perpendicular
transmition by re’lection,
latitude angcle,

hour angle,

Abbreviations

c

-
*

-
.

..

caleculazed
measured.,

hourly fluid taspersture.

CoInoNent,

dally mean pl.ete temperaturec.

hourly nean plate temperature.
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