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NOMENCLATURE

P. = Condenser presgsure

P, = Evaporator pressure
T g = Generator ‘l:e.mPera;l:We-
tﬁ = Condenser-bannPertLEure
te = Evaporator {'-emFethYe.
T :"\bsorbe.r te.'r'nF evafire
fs = Refrigeramk vapor concentration
Q' = Rich solution concentration
_fp' = Poor solution concestration

f = Rich solution circulation

m, = Mass of NHy - NaSCN mixture |
cpg = Specific heat of mixture at generator {xhﬁPgraiﬁrg
Ltg = Latent heat of ammonia at evaporator {EX“PQIQiure
Cpa = Specific heat of ammonia at evaporator bﬂthenukurt
Hyp = Total heat absorbed by collector
U& = Total heat loss coefficient

t, = Metal platet@xn?araiuapf collector

t, = Ambient ternPcrukurt,

IDt,Idt = Direct and difuse radiation intensity

(@C)p, Q*tjd = Effective transmissivity and

absorptivity product for direct and diffuse radiation.
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Orientation factors for direct and diffuse
radiation ‘

Instantaneous value of total and diffuse
radiation on horizontal surface

Angle of Incidence

Zenith angle

Total Radiation Absorbed by collector
Angle of tilt of collector

Latitude angle

Hour angle

Declination angle

lMonthly average daily and hourly diffuse

radiation on horizontal surface

=Extraterrestial daily insolation received on

]

W

horizontal surface

Average cloudiness index.

Solar constant

Diameter of Headers.

Diameter of Fipes

Refrigerant side heat transfer coefficient.
Water side heat transfer coefficient

Brine side heat transfer coefficient
Outside & Inside area of coil.

Thermal conductivity of Insulation
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= Monthly average daily and hourly total
radiation on horizontal surface.

= Thickness of Insulation used

= Dynamic Viscosity

= Kinematic Viscosity

Density

= Thermal conductivity.

= Sunrise Hour Angle

i

Velocity

= Surface Tension at liquid vapor interfaee
= Length of coil

= Constant

= Gravitational accleration

Mases flow rate

= PBoiling Heat Flux

= T.mpgmbm difference

Latent heat of condensation

= Latent heat of vaporization

= Quter Radius

Inner Radius

Heat rejected in condenser.

= unber of placs covers
= Day of the ycar
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QUAPTER 1

INTRODUCTION
1.1 Scope of Solar enersy

In recent yearas the growing public awareness sf fossil
fuels and incresed costs of conventional energy has led to
the search of new sources of energy such as solar, wind,
tidal, geothermal etc, As a result of the energy crises in
1973, the utilization of msolar energy has attracted much
attention for many purposes. including refrigeration and air
conditioning. _

There is however, a need for solar pewered refrigere.
tion that does not arise from increasing eil prices and the
more acute awareness of the limited reserves of fossil fuels,
In neny developing Countries the lack of infrastructure
severly limits the application of refrigeration for storage
of perishable food stuffs which is essential for developing
the potential of increased production that exists in many
areas, In such Countries solar powered refrigerating
systems which are of simplg design and dopot depend either
on other energy sources or on the availbility of treined
servicemen, may be attractive,

Nigeria, being one of the developing Countries and
lying in the Tropies L(5-15°N) must try to harness this



source of energy. Solar energy is virtually free and is
effectively inexhaustible, It does not involve any form of
environmental pollution and can be collected at the point of
application. Based on Nigerian metegrological datg1ghe
monthly average of globel solar radiation incident in
Nigeria is 13,4104 xggl/EQ/month. Thus we receive about
161x10% JLal/m?/year which gives the yesrly ineidence of

.aolar energy of approximately 64.5:106‘£Hh£xna:- Even if a
very small pergentage of thie energy could he harnessed we

shall be sble to meet the energy neads of this Ceuntry,
The use of solar energy for cooling purposas has iwo

fold attraction, ' i

(2) Tne demand for eooling and ice making is the greatast
at the time of maximum solar intensitv in contragt to
the usea of solaws encrgy for heat ng.

(b) The ccoling for food preservetion and for Comfort air
conditioning is more important in het regions than in
ecld regisns. Refrigeration and eir conditioning that
may otherwise be condidered luxuries, may infact
become neccessities for hetter working conditions,

It is thus not surprising that on the subject of solar.



T
cooling, studies are heing conducted in various research

ingtitutes all over the world.

1.2 Hefrigeration Systems

The two refrigeration syatems prevalent now are the
vapor compression refrigeration system and the vapor sbsor-
ption refrigeration system the basic difference between the
two systems is that in the former there is & vapour
compressor, whose function is to remove the vapor from the.
evaporator and to raise the temprature and pressure of the
vapor to B point such that the wepor can be condensed with
normally svailable condensing media, whereas in the latter
heat energy is used instead of mechanical to meke a change
in conditions necessary to complete & refrigepation oycle.

The condenser, receiver and evaporator {cooling coil)
are guite similar to those used in the compression system,

"« but the compressor has been replaced by a heater and
generator.

However, in this country vapour compresaibn systems
are more prevalent. thev use only high grade snergy such as
elegtricity or mechanical weork, Only in recent yesrs has

some work been started in various parts of the workd where



the use of low grade energy such as solar energy waste

steam (heat) is possibles Therefore the absorption system

which utilizes heat energy directly, rather than electrical

energy seems to be most suitable for use with solar energy.
Two approaches have been made to operate a solar

absorption refeigeration system.

1.2.1Continuous Absorption Refrigeration System

In case of a continuous system, normally, the heat
supplied to the generator is provided directly by a gas
flame or indirectly by some other heating media such as hot
water, steam or some other fluid heated by solar energy.
Solar energy being an intermittent heat source, it is neces-
sary either to store for the time it is not available or to
use any other electrical or thermal heating system in
conjuction with a solar generator.

Further, the continuous system needs a liquid pump to
increase the pressure of working fluid from absorber pressure
to the generator pressure which requires some form of energy

to run it.

1.2.2 Intermittent Absorption System
| In the intermittent absorption system one cycle gets

completed in 24 hours. Regeneration of refrigerant occurs



during the day and evaporation takes place during the night.

Solar energy is an intermittent heat source. The
intermittent vapor absorption refirigeration system, therefore,
affords a likely means of utilizing solar radiation directly
te provide coolings. It does net require storage of the sclar
energy or any other electitical or thermal heating system due
to its inherent intermittancy.

In this system the distillation of the refrigerant
from the absorbent occurs during the regeneration stage of
operation, and the refrigemant is condensed and stored in a
condenser receiver. During the cooling portion of the cycle
refrigerant from condenser goes to the evaporateor due to the
difference in pressure, where it is evaporated and then
reabsorbed in generator/absorber, Because the generator
absorber is a single unit, this sytems removes the use of
any liquid pump.

Therefore for the same capacity the size of the
intermittent system is more in comparison to the
continuous refrigeration system. However, because of its
inherent simplicity the intermittent system will be

considered for our design.



1+3 Refrigerent - absorbent selection

| The selection of & refrigerant absorbent is the most -
important agpect to get a good performance with the avail-
able climatic conditions., In order to c¢btain & reasonebly
high coefficient of performance one shoulﬁ lock for a refri-
gerant ghsorbent gombiation for which ‘

1. The absorption capacity of &bsorbent is large,

2, The specific heats of the absorbent and refrigerant afe
10w. . H
3« The heat of reaction is small,

4, The vapor pressure of the sbsorbent at the generator
temprature is low. Though varicus refrige rsnt — absorbent
combinations have been studied in the past kceping in mind
the above points, but none of the projects had so far been
carried bevond the experimental stage nor had a systematic
evaluation of the merits & dernerits of various working
subatance for thia specific purpose been made Only some
attempts have been made to study the following refrigerant
abgorbvant cominations by meking exﬁerimental triels,

(a) Water - Ammoni. (Hg - NHg) }

(v) Sodium thiogynate ~ Ammonis (NaseN - NH;)

(¢) Littium Nitrate - Ammonia (Li Nox ~ Nisz)

e



(a) Calecium chloride - Ammonia (Cac12 % HH;)
(e) Stronthium chloride - Ammonia (Srcl, - NHz)
The NaSCN - NHB system, in which absorbent is a solu-

aof
tioq‘?ascﬂ in NH3 with ammonia as the refrigerant, has been

studted iy Dlstas: sl Buizoia’?) aud Bosgent and Backuest? 4,
This system appears to have good thermodynamic properties for
cycles for ice ' making. ,

(2)

Chinnapa and Swertman and Swaminethan have
expa:iman tally studied the operation of H,O- i machine
using flat plate collectors as energy supply. The NaSCQi -
NH% system seem to be suitable for refrigerating systems
wsing low tamé?ature heat source such as solar energy. This
solution possesses many desireable properties. It is in-
egpensive, non explosive and non corrosive in Iron and
Steel. It has relatively low vapor pressure & viscosity,
and high thermal conductivity and heat of vaporigation,
Moreover because of its availability in the local premises
this combination will be considered for our design, This
work aims at estsblishing the feasibility of the use of

gsodium thiocyanate — ammonia combination in intermittent

solar ice maker.



. CHALIEE 2
REVIEW OF LITERATURE

In the laat few decades usc of solar energy for refri-
geration has gained widespread attention in différent parts
of the world, Lote of work have been done on vapor absor-
ption refrigeration system msing solar conerpr end most of
the esrlier work is concentrated on the development of
continucs vapor sbsorption system The continuog systeus
are now well understood but little work hes been done on the
development of intermittent systems, In recent years the
intermittent aystem hag become a subject for further
wxploration and thus considerable work is in progress at
different research centres all over the world, Few of the
works sre listed below,

(3)

An experimental investigation of the abgorption
and desorption of Ammonia and Calcium Chloride and

strontium Chloride were carried out in Khartoum to estahlish

suiteble design parameters. To serve 28 & demonztration . - -

plant a small drinking water cooler with a 4m? collector
area was built. On a clear day an overall C,0.P. of 10%

. . . 2
was obtained corresponding to an ice production »f 6 kg/u

of collector ares,



As & preliminary step in the above project the merita of |
various abacorbents and refrigerants were examined., In the
experiments carried out, for tempratures of - 10°C and
below Ammonia wes found to be unsurpassed as the refrigerant.
Three liquid sbaorbents (Hgp, NescK, Liﬂ03) and two solid
gbsorbents (€aCl,, SrClp), all with NHz as refrigerant were
compared on the bagis of a simple in termittent proceas,
For the NHx/H0 system rectification of vapor was included
vhereas heat exchange between strong and weak solutions
was not considered for any of the wet systems,

It was found thet with & liquid sbsorbent the Co-
efficient of Performance of the process (defined as ratio
of het amount of cooling to the total of anergy supplied
to the desorber) depends critically on the finel temprature
that can be reached during desorption. As the final tempra-

ture is raigsed more refrigerant is driven off the solution

-.: i,e, the concentration difference betwsen the strong end

weak solution increases,
As a conaeguence the amount of solution the heating
of which to the desorption lempreture const ituets a

significant loss - decreases &nd C,0.F. goss up,



In a Continuos cycle this loss may be reduced due to
regenerative heat exchange between strong and weak solution,
However for an intermittent svsteme~and particularly one with
out the solution pump -~ it is not alwavs possible and at the
best difficult to arrange for a reasonablv effective heat
exchange between the strong and weak solution, This is
illustrated by the absorption cooling svstem of wet type
shown below in Fig (2.1)

For a given final desorption temprature the lowest
obtainable ewmporation temprature is determined by the
mini mum temﬁ?&ture during absorbtion. The more the evapora-
tion temé?ature is lowered the smaller the concentration
difference between strong and weak solution becomes and
bence larger the amount of solution that is needed. This
explains why C.0.P. drops off rapidly below & certain
evaporation temp}ature. For the same reason the wet system
is sensitive tochamges in the condensing temp'zature These
characteristics are illustrated in figures (2.2 & 2.3) for
Hzolmi3 system. The liBr/N‘H3 & r:ascu/mns aystem behave
similarly, the C.0.F of the former being higher, that of the

latter slightly lower than the value found for HgofNH3 system,

10



TYPICAL LAYOUT OF A SMALL EXPERIMENTAL ABSORBTION
COOLING SYSTEM OF 'WET TYPE',THE SYSTEM SHOWN
WORKS ON NH3 + H0

%
g J
1
._:..- .."-_..|
1 e
S |

a) 3mm glass sheets
{b) Collector frame

(c) Glasswood insulation
(d) Lower and upper headers
{e) Return . line

(f) Rectifier
(g) Condenser cum  evaporalor
w B [ VALVES
P P. PRESSURE  GAUGES

1 2

FIG(2.1 ) REF4
n
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C.OP OF INTERMITTENT HaOfhHy ABSORPTION CoOLING
SYSTEM. ABSORBER JMASS CORRESPONDING TO 10 KG(KG

Niy GENERATED )

FIG. (2.3). Rer 4
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& lsrgéf.concentration difference eanﬂobtainad without
inere esing the final desorption temprature by employing two
stage desorption at the expense of however a lower Co=
efficient of performance. This sort of a gystem has been
used in Afganistan for a dairy projects Wth a solid absorbent
the problems are rather different. Absorption and desorption
occur in one or more steps at equilibrium tempratures which
are solely determined by the pressure in the system.CBCla

absorbs a tc tal of 8 moles of NH The réacticn tg}cing

3'

place is as follows:-

CaC].2 + ZNH3 o ‘I}aCl2 2NH3 + L@

CaCl, 2WH, + 2N, 7> CaCl, 4N  + L, _ , _ (44)

- (1)
3

+ 4NH, o= 08012 BNH3 + L

03012 4NH 3

3 4-2 - (iii)
The two moles absorbed initially are so strongly
bound that decompositicn reruires tempratures far in excess

of those obtaineble in a re rigereting system. -

For a system SrCl?/HH.j the reactions are

SxCl, NH

SI‘Cl2 + HH3 5 3 + L°_1 - (i\")

SrCly ¥H3 + TNHs SrCly &NHz + L1-8 - (v)
Again one mole of ammonia initially abgorbed is very strongly

bound. The equilib rium tempratures for the sacondreaction

14




fall inbetween those for the system CaCly/NHsz,

The heats of reaction for (ii) (iii) (v) are nearly
equal when referred to & unit mass of NH3 and ebout twice
the latent heat of evaporation. This means that C.0.P. for
& refrigerating system will never exceed 0,5. It will in
fact be somewhat lower because part of the energy supplied
goes into heating the absorber from the absorption to the
desorption temé?ature. On the other hand the C,0 P, of &
solid absorption system is not ver- sensitive to changes
either in the condensing temﬁ?ature or the eveporation
temé?ature. The problem here is whether sufficently high
temé%aturea can be obtained during desorption and sufficent
cooling provided during absorption.

The performance of a CaCIQ/NH3 system is shown in
figures (2.4) and (2.5). From figure (2 4) which refers to
a system with an absorber mass of 10 kg/ke of Ammonia
generated it is seen thet C O P 1lies conaiate&iy above that
of the H0/NH5 system and show only slight variation with
condensing and evaporating temﬁ}aturna. Pigure (2,5)
emphagiges the importance of a light absorber design.

For a gystem that is powered by free energy the C.0,P

15
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EVAPORATION TEMP. °C.

a
o
o 02
I 01+
0 - t t 4
25 30 35 40 4L5 50
———» CONDENSING TEMP °( _
L 1 g | J
9 100 0 15°C

e EQUILIBRUM TEMP. FOR - FINAL REACTION °C

COP FOR AN INTERM(TTENT SOLID ABSORPTION
Co.CIQ}Nua COOLING SYSTEM. ABSORBER MASS

CORRESPONDING TO 10 kG/kG AMMONIA GENERATED .

Fic (2.4). Rer. 4

-

16



corep

05

KGIKG NH3
0-4

RS

ABSORBER MASS 1
=

20
30
01
0 = 4 4ot
5 30 35 40 IR S0
—3 COND. TEMP °(
L - 8 i i | I i
% 100 10 115

EQUILIBRIUM TEMP FOR FINAL REACTION °C

COP OF INTERMITTENT SOLID ABSORPTION CaCly /NHy

SYSTEM WiTH DFFERENT ABRSORBER MAss RATIOS |

FIG (25) ReF 4 -

17

16



0-20

 SELECTIVE SURFRCE

CQ%Q* SELECTIVE SURFACE
Sret2 J \

T
75
3

w

0-15-1

00+

~0.P
005+

COLLECTOR TEMP °C

TOTAL C.O.P OF A SOLAR POWERED, INTERMITTENT
ABSORPTION COOLING SYSTEM. EVAP. TEMP -10°C,

CONDENSER TEMP 40°C. ABSORBER MASS CORRESPONDING
TO 10 KG|/KG AMMONIA GENERATED

FIG.(2.6) REF 4



C 10 e e e e i - - Py (e s T H TR
.
W
&
l_: 0'8‘"“
(T
L
% 06T ““"‘"““"‘*‘“--h-x&alecfive
- T—
é 0-L + \“\H \
t i Non Selective
| o2t T
| _ ‘xaxxk‘\\xﬁl
oL " f bl '
80 9% W 190 120 120 wo 150

COLLECTOR TEMP °C

EFFICIENCES OF SINGLE GLAZED SOLAR COLLECTORS WITH

SELECTIVE COATING (K= 0-96, € = 0-09) AND ORDINARY
BLACK SURFACE (K = 0-96 ). INSULATION THICKNESS |00 MM
DIRECT RADIATION 390 W“m‘z. DIFFUSE RADIATION 1S0 Wm'?
AMBIENT TEMPRATURE 31°C.

FIG.(2.7).ReF 4

W T e e w e e it s o= ==

L] — 3 ARFRA Rl e b W W W e’ e e e e WL LR LT

face. The solar collector/absorber/desorber were intergrated
into & gingle wnit with the sbscrbent conteined in horison-
tal tubes as shown in figure (2.8)

The diagram gives a schemstic representation of & solid
absorption refrigerating system The combined solar collece
tor/a.bsorber/desorber conzigts of a number of horizontal
tubes containing the shsorbent connected by straight fins.
The svetem goes through a full cycle everv 24 hours with
ebsorption and cooling during the night wheress desorption
and condensation of Ammonia vapor takes place during 5-7
hours around noon. The liquid Ammonia is stored in the -
receiver at the bottonm of water bagin until the temprature
of collector and hence the pressure in the system starts
decreas ing, The check value then closes and the liouid
apmenia is then transferred tc insulator receiver and surge
Elli'um. By continued cooling of the absorber the pressiire is

lowered further and evaporation of ammonig commencss,

Design end performance of demonstrmtion plant

The demonstration plant was designed for & net



SCHEMATIC REPRESENTATION OF A SOLVD nB-bORPTtON

ReFRIGERATION SYSTEM (R SmALLDRiINK NG WATER (ooLer )

STLAR COLLECTOR SURGE  DRUM
ABSORRER RECEIVER
DE SORBFR

A

1 @

g | 5 L::._r’
= oler

STAGANANT
WATER CONDENSER

FIG. (28) RCF4 .
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Thé deﬁonstration plent was provided with thermocouples for
recording the temprature of collector plates {ten on each),
of the cooling water and of the second receiver and water
tank. The pressurc in the tgnk wag measmred by & pressure
transducer, 4 sight gless on the asecond receiver permitted
the determination of Ammonia goenerated during the day. 1In
addition the smount of ice frorsen during the night could

be determined direotly by measuring the expansion accompany-
ing the formation of ice. This was done by connecting the
water in the tenk to a 0.070mm plexiglass tube and obserwing
the risen weter level., Climatic date like alr temprature,
.wind speed and direction were needed,

| During tosts the cellectors werc maised to an angle of
45° corrceponding to maximum solar height in late August,

On reasonably good days in Auguat the Ice production was
around 20 kg. However on a perfect day with clearsky

T.25 kg of Ammoniz was generated & 24.9% kg of Ice was
frogen, The tempratures and presgsures recorded are shown

in tigure (2.9) end in Tehle (2.1) 4 summary of test

resulta ia shown,
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TIME H
Pressure and temperafure as recorded during fest on september.
The back side insulafion was closed at 08-30 and open again at
16:00. At 17.20 the insulation was closed in order fo
prevent Evap. Temp. from dropping below —10 °C.
Temperature at the boffom of surge drum corresponds
to Evaporator  Temp.  ( lower curve)

FIG. (2-9) REF 4
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SUMMARY OF DATA FROM TEST (TABLE 2.1)

Amount of NH3 generated 7.25 kg

Entholpy difference (satureted vaporat-10°C & saturated
licuid at 18°C 1169 kJ/ke

Gross Amount of cooling 7,25x1169 = 8480 KJ

Cooling of surge drum 364 KJ

Heat Infiltration 226 KJ

Net amount of cooling = 7890 KJ

Expansion due to freezing of ice 2.221

Amount of ice frogen 2,221 = 24.5 kg
1/0,917=1

Latent heat of fusion 333 KJ/kg

Net amount of cooling = 8160 XJ

Discrepancy 100(8160-7890) = 3. 5%

8160

Mean Insolation (totsl) 8:30-16:00 762 W/m?
Total Insolation 7.5x3600x762 = 83,300 KJ

c.0PF = 8,025 - 0,096
Total 83,300
; o¢
Thermal Capacity of collector/hbaorber 100 KJ/
(Tfinal - Tinitial) mean = 96 - 27 = 69°C
Average heat of reaction 2300 KJ/ke

Sensible heat 100 x 69 6900 KJ
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Total heat of reaction 7.25 x 2300 = 46700 XJ

Total amount of heat absorbed 23,600 KJ
(C.0.P) process - 8, 025 = 0.34
23600

Average collector effeiciency 23600 = 0,28
83300

Results obteined from the test

An ice production of 6 kg/m? of collector surface was
obtained corresponding to en overall C 0.7, of 0.10., Thie
was found to be pretty satisfactory, The fact that ambient
temprature is rether low does not invalidate the results
because the equilibrium tempratweduring desorption goes
down by the same amount as the condensing temprature so
that the collector works under the same conditions at a
higher ambient temprature.

&
Another experiment wes conducted by GUPTMV}NKAT;%#)
in which the performance of a NH.-HQ0 system was analysed,

The intermittent solar refrigerator consisted of e
conventionsl Tubular flat nlate collector which served as
the generator. The top header of the collector was
comparitively large as compared to the bottom header to

provide sufficent volume to hold Ammonia water mixture,
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The cycle followed i3 as shown in figure (2,40). Solsr
radiation stri'ting the generstor reiscs the pressure and
tempreture as indicated by path 1=2 in figure (2.10) which
showa the theoretical c¢rcle it 7 the saturation pressure is
equal to the saturation pressure of Lmmonia Corresponding
to condensing tempratura.

Generation of Ammonmia continues.from 2 to 3 at
constent pressure as solsr heating is continued. The
penarator vapors pass to & weter cooled condenger through
an air cooled recﬁifia;, and are condensed. State 3 the
end of the generation process depends on the maximum
attainable temprature in the flat plate collector., 4t -
this instant when the state of liquid ammonia in the
condenscr is at 2% 7% and the state of solution in the
generator ig at 3 the generstor and condensor are isolatad
and the former isg cooled to ambient conditions & soluticnl
reaches the static corresponding to 4, At 4 the solution
concentration, temprature and presaure are low & hence the
generator is resdy to act sz an absorher., The communication
between condenser & gonerator is now reostored, A frzction

of liquid ammonis in the condenser at 2% 3* {lashes
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adiabatically into the sbsorber to change sclution state to
5.

As & consecuence of flashing the temprature of the
remaining esuentity of liguid Ammonisa in the condenser
decreases to bring its state to 5%, The condenser is now re—
ady to operate as an evaporator. From 5* to 1* the evapore-
tor abgorbs energy from the surroundings to provide refri-
gerating effect & the rising vapors are reabsorbed in the |
absorber unitl sclution reaches initial state 1.

It is reagoneble to assume in tropics the average
tempratu.ro of cooling water & the night awbient temprature
are around 30°C, @Essuming the condensing temprature and the
temprature of solution duing refrigeration to be 30°C
analysis of the cycle yielded the following results.

- TR Brnergy sbsorbed during generation process and the
amount of ammonia condensate increases with increase in
initial smoclution concentration and maximum generator
temprature

ii, The lowest temprature in cveporator during rofriger—
ation, increases with incresse in initial concentraction

for & given maximum generator tempeature.
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444, For @ given initial solution concentration the
lowest attainable evaporator temprature decreases with
increase in maximum temprature during regeneration,

The flat plate collector with an exposed arce oﬁfh@
consisted of 0,015m MS pipes spéced O.1m apart with 22

gange aluminium aheet wrapped over them, . 04%m diameter
lower header, O.1m diameter upper header, C.1j glaess wool
insulatkon & two glazings The condenser Cum evaporator was
a cylindrical vessel of O.15m diameter end 0.4m height.

The evaporator wes surrounded by an insulated jacket
holding 40 kg of water the mass of condengute in condenser
was measured by & level indicator, All connecting lines
were of 0.015m M5 pipes, ZExperiments were carried out for

veridus concentrations of NH3 - HEP solution between 0,48 -

0.65. During refrigerstion the temprature of 10kg of water
round the eveporator was measured, Meximum temprature
attained during generation was 1009C, A higher initial
concentration refrigeration continued for longer periods *

and at low concentrations temprature obtained during

refrigeratinn were lower.
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Figures (2,11), (2.12), (2.13) show the watiation of refri-
gerating effect, the coefficient of Performence and the
minimum evaporator temprzture respectively as a function

of generator tempreture for verious initial solution concen~
tration The coefficeint of performance for a given initial
solution concentration increases repidly at first and then
shows a decreasing trend with increase in generator tempra-
ture., Also for a given generator tempreture the C,0.P.
increases with increase in initial solution concentration,
The reason for the above variation is relative change of
refrigerating effect with evaporator temprature tends to
increase with increase in initial solution concentration
for a given generator temprature, As initial concentration
increases the quantitv of condensate &lso increases., Thus
the amount of liquid ammonia evaileble for effective refrie-
goeration increases. Ag the adiabatie flashing of ammonia
has to bring down the intern&l energy of a larger quentity
of Ammonia the temprature obtained after flashing is high
for high initial solution concentration, At a fixed initial
solution concentration the minimum evaporator temprzture

decreages with increase in generator temprature,
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As the generator temé%ature incresges the pressure differenée
(PQ*. P4) responsible for adiabatic fleshing of ligquid
ammonie increapes ceuging more Ammonia to flash bringing
evaporator tempratumeto lowsr values,

Bxperiments were vonducted with an initial solution
concentration of (0.55 and results obtained are given in
Figure {2,14). The initial mass of solution in the collector
was 5.33 kg. The maximum . generation temprature
was 102°C and the amount of Ammonia Condensed was 1,54 kg.
During refrigeration the temﬁ%&ture of 10 kg of water
(initislly at 30°C) around the evaporator was measured.

The refrigeration continmued for nearly 7 hours and the
minimum temprature recorded was 7°C., The evepor:ztor tempra-
ture was higher than the theoretically predicted valuve due
to:

(1) During genration the system pressure wss higher than
the theorstical pressure vhich reduced the amount of Ammonia
condensed,

(1i) During adiabatic flashing the solution temprature
increased thoersbv incressing the svstem pressure that

reduced the amount of Ammonia flashed,
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(141) Althowgh the water around the evaporator was surroun-
ded by insulated jacket heat losses would still be there.

(5)

More experiments'” ‘were conducted on & proto type solar
powered refrigerstor for Remote area far food preservation,
The refrigerator was of intermittent nature and worked on

NH3 = H2~° Combination, The new features of this system were
(1) diaipation of heat of absorption from flet plate collec-
tors,

(1i) The addition of an expansion valve with a dry evapora~
tor coil & heat exchanger.

(iii) The use of a mimror to enhance solar heating the
system used is shown in Figure (2.15).

The system was constructed of welded steel pipe. The
colle€tor had fourteen 0.025m diameter risers 0.100m apart
connecting a 0.050m feeder to & 0,100m header, The outer-
mest risers were thermallv insulated to provide return lines
for circulation of thermosyphoning. copper sheets connecting
the rem&ining risers &nd painted dull black for & collecting
area of 1.44m° which had one glass Cover and wes tilted at
14° to the horizontal facing south, A plane mirror was

facing east on the western edge of the collector during the
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morning and was transferred to the eastern side in the
afternoon. It could be held fixed 90° = 100° to the collec~-
tor or adjusted hourly to maximise its effect. The collector
contained 18,7 kg of Ammonia wator solution having 46
Ammonia by weight. a concentration chosen to giver a refri-
gerating effect of 265°K with absorption at 303°K, The
header was half filled with liquid whose level could be
cbserved through glass windows. During the day valve A was
opened, and B and C were closed, /Lmmonia veporised by solar
heating of the solution condensed in a condenser 5,7m long
and was stored in & receiver immersed ina tank of water which
was kept cool by exposure =t might and by thermsl In sulation
in the day, At dusk val®a A was closed and glass Cover of
collector was removed, When the solution had cooled valves

B and C were opened to produce refrigerstion in the evapor-
ator coil by evaporation of Ammonia which was reabsorbed in-
to the solution thromggh 4 inlets into the collector feeder,
The heat of sbsorption escaped from the collectur surface.
The evaporator coil made of 0,013m diameter steel pipe 5.2m
long was inmersed in & flat steel box 0,381mx0.413m x0,620m

containing the water to be froszen,
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Two gteel food containers sach of wvolume 250 x 166m3 were

attached to tho ice box, one on each side, The counter
flow double pipe heat exchanger was 0.38m long. Polysiyrene
foem 0.10m thick was used to inaulate the assembly, '
The results obtained in the sbove experiments were as
follows.: On & typicel bright day in April the solar radia-
tion falling directly on the collector was 28,2 MJ but was
inereased by a factor 1,%6 using the mirror adjusted every-
hour, The ambient temprature reached 31C°K while the tank
cooling water remained close to 30M%K, The temprature and
pressure of Ammonis water solution rose from 304°K & 310 Kpa
to 373°K and 1210 Kpa in the afternoon and 3,16 kg of
Ammonia were digtilled since heat of generation calculated
from standard date was 10.8 MJ the collector efficiency was
0. 28. : |
During refrigeretion which lasted 5 hours et night
the"abaorption pressure increased from 170 Kpa -~ 340 Kpa
giving evaporator tempreture from 251°K  to 269°K. Starting
with 7.5 kg of wator in ice boxr et 302°K 5.18 kg of ice were
produced and overall C.0.P. waas 0,0726, It was estimated

that heat exchange inereased the refrigeration effect by

I.
|
.t T
|
[

& .
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3,4%. In the best run 3.47kg of Ammonia were distilled and
6.4 kg of Ice were produced, In further experiments 3,46
kg of fruit in food containers initially at 300°K were coo-
led to 283°K by dawn and were held below 288°K throughout

(6)

the day. Williams et al desaribed a small refrigerator
is which a parabolic solar reflector 1.2m in diameter
focussed the sunlight onto a steel vessel containing
Ammonia and water in & closed system. The ammonia was
driven out with heat and condensed in a small vessel
connected by a steel tube or a flexible rubher hose capable
of withstanding high pressure. The pressure of heated
Ammonia reached over 10,1 bar and wes condensed in &n
external vessel which was cooled in a pail of water After
the Ammonia was driven out and condensed, the two vessel
system which weighed 11.3% kg was taken into the house and
the small vessel of licuid Ammonis was put into en insula-
ted box with a capecity of O.O62m3, When removed from
focussed sunlight the water solution cooldd and reabsorbed
the Ammonia The evaporation of liquid Ammonia kept the
insulated box cold, An exposure of 4 hours in the bright

sun kept the refrigerator below 278°K duping the 24 hour
day.
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The absorptivity X of the blackened receiver holding
the Ammonia and water was about 0,95 and the reflectivity
of the aluminized Mylar that lined the parabolic focusasing
collector was 0,7, The fraction«¥ of solar radiation
striking the collector that was absorbed by the metal
receiver was determined calorimetrically, This value was
about 0.67, In an Ammonia water system with typical solar
heating of 5591.5 KJ opticel losses were 33 percent and
heat losses into the metal container were sbout 3 perfent
About 40 pewcent of the total solar redietion intercepted
by the collecter was picked up bv the Ammonia water solu-
tion and 7?4 percent of this hest was lost to the surrounding
by radiation and conwection, The cooling ratio renged upto
0.4 and solar heating ratia € (heat ebsorbed by Ammonia
and water in the generctor divided by the direct radiation
striking the solar collector) was also sbout 0.4. The
overall performences E ecusl to¥)€was 0.16, The solution
conteined 1.6 kg of Ammonia in 2 kg of water and maximum
heating temprature was 40p0K A special valwe was developed

for seperting the water from ligquefied Ammonia,
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Trombe and Foex produced 6 kg of Ice per day is a solar
refrigerator using & cylindroperabolix mirror of 1.5m2 area,
oriented east west and working on intermittent Ammonia"cycle.
The ammonia water were heated in &8 Central tube at the focus
of the evlindro-parsbolic mirror during the day end the
Anmonia that was driven out and li~uefied wes allowed to be
vaporized during the night,

Chinnapa described on intermittent Ammonia water refri=
gerator in which small guantities of ice were made with &
flat plate collector containing 3 glass plates 1.52m x 1.60m,.
The £.0.P. was about (.06 operating in & hot climate, The
meximum temprature of regeneration with the flat plate
collector was 3735°K and tempmtufe of absorbing solution waé
306 - 310°K,

The water ammonia gystem had the disadvantege that
some of the water vaporized along with Ammonis snd it was
desired that at intervals water must be returned to the
larger vessel containing Ammonia water solution. Hence it
was desirsble to eliminate the water which could be done by
using very concentrated soluticns of salts in liguid

emmonia, The vepor pressure of Ammonia could be reduced

"
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 considerab1y at room temprature as the salts have negligible
vapor pressure e¥en at high tempratures. Extensive investi-
gations were carrvied out by Blytas and Daniel's to find out
the salt with best. Physio=chemical properties for solar
cooling with Ammonia., Ammonium Nitrate Iithium Nitrate.
the alkali halides and Sodium thiocyanete were among the
salts investigated theoreticelly and experimentally, I

The nitrates dissolved in Ammonia have many desireble
praverties but thermodvnamically there is a ch2nce that a
spontaneous reaction will produce nitrogen ges and ste&m
with explosive violence, "

Ammonig selts ere highly soluble but in s=olution they
are corrosive to Iron containers, although they can he used
in Aluninium conteiners, Sodiwe thioccyanste was ultimately |
chosen &a the best salt to dimsolve in Ammonia for use in
solar cooling and refrigeration. The solution had suitable
thermodynamic properties, | | | |

The asodium thiocyanate - Ammonia system was testeﬁ in
ﬁha laboratory for sclar refrigeration by R. Chung.

A. 9.1 kg steel cylinder containing 5.4 kg of solutian

with about eoual weghts of sodium thiocyanate and ammonia was

' . o . %j_.



placed at the focus of & 1.2m parabolic solar cooker , The
cylinder waes connected by & flexible pressure hose to &
small vessel immersed in water at room temprature for the
liquefaction of Ammonia., After about 4 hours much of the
Ammonia had been driven out and the cylinder was removed
and brought to room tempr:sture the vessel of liquid
ammonia was placed overnight in water contained in an

insulated box and 4.1 kg of Ice were produced,
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2.1 Justification of present project and approach

So far solar cooling using NH3j - HX0 combination has been tried in
Samaru, The NH3 -~ NaSCN combination has sc far not been tried, and

this has inspired me to make an analysis of the system working on

this combination.

A feasibility analysis of the NH3 - NaSCN system has been reviewed &
the Degassing Width, Charge, required per kg of Ammonia vapor, and
Coefficient of performance at various Absorber, Generator, and
Condenser temperature Combinations has been found out, A temperature
Combination, keeping in mind, the climatig conditions of Samaru, and
reasonable charge required for the system has been assumed for the

design of various components.
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3.1

CHAPTER 3

FEASIBILITY ANALYSIS OF AMMONIA -~ SODIUM THIOCYANATE INTERMITTENT SYSTEM

Introduction

Feasibility analysis is just a theoretical analysis of the system
to predict its performance at different working conditions and to select
those conditions which will give a best performance in & particular
region. For this particular system feasibility analysis has been done
at various temperature combinations of generator absorber and condenser

using log P Vl% diagram for the intermittent cycle.

Fig (3.1 gives us the log P vs Tl- (i.e. Pressure vs temperature)
diagram for the Ammonia - Sodium Thiocyanate system at different soluticn
concmtrations(:” The temperatures have been plotted on the abctssa and
the pressures on the ordinate. The inclined lines give us the various
solution concentrations. The cycle followed is as shown in Figure (3.1).
Experimental results have shown that a concentration of 49% Ammonia will
yield the best generation of refrigerant vapors. Point 1 in the figure
is the strong saturated solution state in the generator, The generator
is initially at this condition. Assuming a solution concentration of

an
49% Ammonia and initial generator temperature,point 1 is obtainéd.

L)
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Heat is added in the generator from 1 - 2 till vapor pressure
developed in the generator equals the condenser saturation pressure
corressponding to condenser temperature. This in fact is the
operating pressure for the system, Generation of Ammonia continues
from 2 - 3 at constmnt pressure as solar heating is continued., State
3 the end of the generation process corresponds to the maximum

attainable temperature in the generator.

During the generation périod 2 - 3, the generator vapors pass
to a water cooled condenser, are condensed and stored in the receiver,
At 3 the state of liquid Ammonia in the condenser is different from
the state of sclution in the generator. At this instant the generator
and condenser are isclated and former is cooled down to Ambient
conditions. Corresponding to point 4. At 4 the solution concentrationg
pressure and temperature are low e€nough and hence the generator is
ready to act as an absarber. The communicaticn between the generator
and condenser is now restorted. A fraction of liquid Ammonia in
the condenser flashes into the absorber and chenges the solution state.
Evaporation starts, the evaporator absorbs energy from the surrounding

refirigerating

to provide/ effect during process 4 — 1 and the rising vapors are

reabsorbed in the absorber until scolution reaches intial state 1.



3.2

The cycle followed refers to the flow diagram shown on the

back page.

The points obtained refer to the following temperature

combination.
Maximum Generator tempernture = 100°c
Condenser temperature = 3%
Evaporator temperature = - 1%
Absorber temperature - 20%¢ :

From log P vs -%- diagram, concentration, pressure and temperature at
differench stages 1s known to us., With the help of those feasibility

Analysis has been done as follows:

Degassing Width

Degassing width is the difference between rich and poar
solution concentration in generator at given temperature conditions.
Degassing width at different temperature combinations

has been calculated and its wvariation with



- “da
condenser tem;frature for various generator and sbsorber
e . . .
temprature is shown in figures (3.2), (3.3) & (3.4). The
same results are also givem in Table 3, 1,The calculation

for one temp:rature combinetion ig shown below:~

Generstor tem;fi-ature = 100°PC
Abgsorber tem;f‘rature S 20°C
Condenser tempi:'-ature = 359C

Evaporator tempratute = =-10°C
Pressure
Saturation Corresponding to condenser tem;frature {350C)
P
= 135 K'/on® = 13.5 bar
Saturation pressure corrcsponding to eveporator tempirature
(=10°¢) = 59,1 p.Jom® =  2.91 bar F

From Log P vs !\/T diagranm for sodium Thiocyanate aystem we

NAVE  pieh solution concentration (sr) 0.4N
0.4094

Degassing width = 0.491 ~ 0,4094 = 0.0816
3,%3Rich 8olution Circulation

Rich solution circulation is the amount of solution to be

Poor solution concentration (-fp)

charged for each kilogramme of ammonia distilled from the
'generator « The varistion of charge regquired for each

kilogramme of Ammonia dist illed from generator, with
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condenser temprature for various absorber and generator
tempratures is shown in figures 3.5, 3.6 and 3.7, A sample
calculstion for the same temprature combination as for
degBsaing width is shown below:—

Charge required (f) = j;i -j'u | (31)
P

1.0 - 0,409
0.491 ~ 0,4094

L]

0.5906
0, 0816

= 7.25 kg/kg of Ammonia Vapor,

3.4 Coefficient of Performsnce

Co-efficient of performance is the ratio of refriger-
ation effect produced frow unit amount of the refrigerant
vapor to gencregerheat required for the gensration of same
snount of refrigerant vapor,

Generator heat recuired is the sum of sensible heat,
required to bring the charge from night temprature to the
genarator temprsture at which regrigerant will start vaporif-

zing and latent heat of esmmonia atgenerator temprature.
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Generator heat = Sensibtle heat of the mixture
4 Latent Beat of Ammonie per kg of vapor
at generator temprature.

= my Cpg (Tg - Ta) + Ltg . (32)

Rafrigeration =ffect produced is the sum of latent heat of
amnonia &t evaporator tem;frature winus the loss of cooling
to bring liquid ammonia from condenser temjfrature to
evaporator temprature, . 5

(3-3)

Refrigeration effect = Ltg — cpa( tc"'te)

Coefficient of performance at different sbsorber, gonerator
and condenser temﬁirature corhinations hag been calculated i-

e , e .
and its variation with condenser temphrature for various

generator and absorber tempfratm.tres is shown in the figures
(3.8, 3.9 & 3,10). The same rosults are also shown in-
Table (3.2 }.A gample calculation for the sanme tem;frature
combination as for degessing width is shown below,
Generator heat = in,Cpg (Tg - Ta) + Ltg

= 7.25 x 0.68 (100-20) + 267.5

= 394 + 267.5

= 661,5 K Cal/kg of NH3 vépor.
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Refrigeration effect = Ite — Cpa (tq - tg)

340 - 1.135 (35 - (-*o))

]

258,93 KCal/kg of Ni3 vepor

Coefficient of Performance = Refrigeration effect
Generator Heat

= 258,93 = 0,308

6615
As per the feasibility analysis of the system at different
condenserand absorber temprature combinations, Meeping in
mind the climatic conditions of Zaria and algo for reason~
able charge required for the system the following temprature
have been agsumed for design,

Generator tempreture = 100°C

Condenser temprature = 3590

20°C
Bvaporator temprature = -10°C

Absorber temprature

Correaponding to the above temprature ~ombination,
(1) Coefficient of Performance of system = 0, %08

(ii) Rich solution circulation = 7.25 kgfkg of Nil5 vapor,
(1ii) Rich solution circuletion = 0,491

(iv) Refrigeration effect/kg of NHx vapor = 258.93 KCal.
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CHAPTER 4
THERMAL DBSICH OF SYSTZM COMPOUENTS
4.1 Antroduction

In intermittent solar ice making plant there are nnly
three Components,
(i) Solar collector cum generestor/absorber
(11) Condenser
(iii) Evaporator

This chapter presents the thermal design of the
system components e,g. collector cum generator absorber
for generation of required vapors, Condenser with flow of
cooling water and evaporator.

he2 D of Collecto erato 0

Collector Cum generator / absorber is & single unit
which works &s & generator in day time when the radiations
fall on it and works as an absorber during the night when
the temprature of the sbsorber falls down, There are two
types of collectors that een be used for collection of
Solar energy.
(&) Flat plate collectars
(b) Concentreting Collectors

Flat plate collector is the simplest means to collect

golar energy for the svstem that reruires thermal energy at
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Lelel

comparitively lower temprature., It consists of a flat
metallic plete painted black on the surfece facing the sum,
insulated on the bottom side to reduce heat losses and
covered from the tap with transparent glass plates, The
flat plate collectors have advantages over concentrating
type of collectors.

(1) Filat plete collectors cen be easily febricated in any
deaigned shape,

(ii) Thev collect both direct and diffuse radiation,
(111) Their orientation ie not criticel,

(iv) Their initial and meintainence cost is low.

(v) They can be used as part of roof.

After careful study of charscteristics and economy of
both type of collectors. the flat plate collector is found
to be more suitable for the intermittent ice meking plant
in which heat energy is required comparitively at a lower

temprature,

C FOR T TATION
The useful energy available from the solar collector

is given by

D = Hpe(R- Uy, (tp - ta) - (4.1)
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The first term representg the total radiation absorbed by the
collector in tilted position and second term represents overall
heat losses from the collector.
Total energy absorbed by the collector is the sum of two
components i,e. direct radiation intensity (Ipt) and
diffuse radiation intensity (Ig¢)
These components are given by the following expressions
(Ref 2)

Ing = (XZ)p Rp (H = D) - (4.2)

Igt = (L Z)d Ra (D) - (4.3)
The values of orientation factors Rp & Rgq are given by

Ry - gg: Ghz - (4.4

Ry & 1 +%gsﬂ - (4.5)

Here Cos t » Cos (P-P ) Cos 9 Cosiw + Sin (P - )sinS(4.6)

Cos®. - s5in S sind + cos § Cos @ Cos W = (4.7)

h

For year round performanee angle of tilt of collector is generally
- 4
taken equal to latitude of the place.(' J

O
s = - .
Location of Samaru on the map of Nigeria = ‘1‘10‘1'1 " 11.2°n

Since Nigeria lies in the Northerm hemisphere the flat plate
Collector is tilted up from the horizontal and made to face south,

in order to maximise scler jirradiance.




Taking angle of tilt - equal to thé Latitude”ofil the
place, we have, | '
Angle of tilt of collector (B) = 1.0zx 11v2 = 11.2°
From radiation date for Samaru wesee that the hottest month
of the year is April. According to KOWAL AND KNABE (1) the
maximum solar rediation falling on Sameru is in April.
Since the declination angle varies deily, we assume April 8
&8 the date for caleculation of declination anglse,

Declination angle (J) = 23,45 Sin 5360 Ina &;
N 365

n = day of the year

Number of days till Aprii 8 = 31 + 28 + 3 +8 = 98

é 2%,45 Sin 5360 % 98 + gag;
365

?3.45 Sin (360 x 382)
(365 )

23.45 Sin 376 . 76°

"

i

23.45 x 0,7883% = 6, 8°

L}

Latitude angke - 11.2°%

Hour angle (W) = 0 (at soler noon)

On Substituting these values in equation (4.6) and
(4.7) we have, | |

Coth = Cos(11.2% ?1.23 Cos 6,8%0s (P
+ 8in (11.2° = 11.2°) Sin 6,8°
= Cos(- 0% ) Cos 6.8° Cos o°

" +8in( 0® )sSin 6.8°
| | 67



Cos®;, = 1 :x1x0.995 « 0 x0.118

= 0.99%25+ 0O
Coset = (,9925

t = Cos~ 10,995 = 7,02°

Cos®y = Cos 6,8° Cos 11.2° Cos 0% Sin 6.8 Sin 11,2°
Coa®y, = 0.9929 x 1 x 0.980 + 0.1184 x 0.1942

= 0.9730 + 0,02799

= 0,996

On substituking the values of Cos & and Cos®4 in equation

(4.4) and (4.5) we have,

RD = 0,995 = 0.9964

0. 9960
L0
1142
Rd_.1+Co; =!+222125-0.986

iffective absorptivity and transmissivity product for

direct radietion is given by

(T _ o005 - 09.11& - (4.8)
os /¢

= 0.9 - 0,115
0.992

= 0.9 - 0.116 = 0.8%
It is asssumed that the diffuse radiations falling on the
collector has an angle of 60° So the value of effective
absorptivity end transmissivity product Bor diffuse

radiation (Rq) is taken as
(T)q = 0.72 - (4.9)
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On substituting the values of equations (4.4), (4.5), (4.8)
and (4.9) in equations (4,2) and (4.3) and adding for
average hourly values of total radiation per unit area

gbzorbed by the csllector surface.

It = :ﬁh{SOfZ)D CosP¢ ¢, _E KT cosB YD
CosBy %1 'ﬁﬁ ; . )d E ‘gs :13‘

ﬁh{éo.a:m = 0.002) F - %5

+ 0,72 x E1+00521'2’.45°; i n E‘.‘.
Bn
- 5, 1{0.831: (1 —Egi + 072 % 0.98 x By}
( Hn Y
= By 1{53.83 x E‘t ~ E} + 0.71 x Dy, -~  (4.10)
( ™y Ay

The ratio of monthly average total radiation () on the
horizontal surface to the extra~terrestial daily insclation
(Ho) raceived on the horizontal surface ig known as average
¢loudiness index ET"'"""'

The extroa~terrestial daily insolation received on &

homizontal surface is given by
Ho = 24 Igc i1 + 0.033 Cos (360m))
T (385 ))

x (Cos @ Cosd Sintdgr 270w,
360

Sin ¢ Sin 5)5
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The sunrise hour angle is given by
Cos W g = - tan ¢ tan §
= = tan 11,2° tan 6,8°
= « 0.198x0.119 = ~ 0.0236
Ws = 0os=~1(. 0.0236) = 91,3°

Ho =24 x 1,94 x 10000 x 60

3.14 1000

x “1 + 0 033 Cos (}%g_sg) (Cos 11,2°Cos 6,8° Sin 97,3°
(314 x91.3 x 8in 11.2° Sin s.ao)}

Hy = 8896.8 x ({1 = 0.0038Y(0,981 x 0.993 x 0.999
+ 1.59%0,194 x 0.11335

Ho =8896.8 x (0,99 x 1.009)

= 8941 KCal/we/ day
Monthly average total radiation on horizontal surface in
Samaru (H) is 457 Cal/em?/day

A =457 x 10000 = 4570 ¥KCal/m?/day

1000
Hence averege cloudiness index for Samaru ig

e s
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From figure (4.1) Ref (2)
K - g
. Ho
Now at IT’I‘ = 0,51
5y
B

0.37 (Refer figure (4.1 ))

I

L]

Bn

The day length that is the number of hours from

0.37 x 4570

sunrise to sunset is given by

g = 2 Cos = 1 (- tan tang)
15
2 Cos ™ 1 (- tan 11.2 ten 6.8)

15
2608~ (- 0.198 x 0.119)
15

n

cos = 1 (- 0. 0236)

Ins

1

\A

= 2% 9.5 = 12,2 hrs (approximately)
15

For Sunset hour angle of 91,359 gapg day length of
12,2 hours and tipe +3C0 hours i.e, one hour from solar

noon we have from figure (4.2) Ref. (2)

Tt(Hourly Total Radiation}

Deily ¥otul Radiction
leourly Diffuse Hadiationz - 0.1260
/
Daily Diffuse Radistion )
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Now ratio of monthly aversge hourly diffuse radiatiaﬁtgonthly
oA

average hourly total radiation,

By = 5
At

C.1375

and Monthly average hourly total radistion on horizontel

surface,
By = ¢ 8 = 0.1375 x 4570

= 628,4 KCal/hy n?
On Substituting all the values in equation (4.10) we have

total radietion absorbaed, | '?

Iy 628, 4 &o.aa (1-0.34) + 0.7 x 0.34;

628.4 5 0.8%x 0.66 + 0.71 x 0.34;

628, 4 50. 548 + 0.241; = 496 XCal/hy m2

The above wvalue for totel radiation absorhed éﬁoﬁld.be

reduced to account the reduction in transmittance due to

accumulation of dirt on glass cover and due to shading of

collector by the side walls supporting the glass vovers.
Duffie and Beckman'?) recommended that for design

| purposes without extensive test dirt correction factor may

be taken as D = 0.98 and whiller recommedgthat shading

correction factor ghould be 0,97 at noon, It varies for
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other angle of Incidence.

Total radistion abgorbed by collector

It = 496 x0.98 x 0.97
= 471.5 KCel/hr wu?

GENZRAL DESCRIPTION OF A FLAT FLATE COLLECTOR

The important part of a typical flat plate collector
are
(a) The black soler energy sbsorbing surface with meens of
transfering the absorbed energy to the fluid,
(b) Envelopes trensparent to solar radiation over the solar
absorber gurface which reduces the conwvection and Radiation
lossea to the atmosphere,
(¢) Back Insulation to reduce conduction losses as the
geometry of the system permits. A gemeral flat plate
collector is shown in figure (4.3) The most commonly used
configuration for flat plate collector is the fin & tube

type, ms shown below,
reflecibn—\lﬁ"solur radiation

- e S SS S g
—— ‘}/ - = Ist cover
i Vi _,_wetluaﬁp?r
D/
Insulation [ S L T Mubelnotho
) =t rm—— scale)

Sheet and tube solar collector
FIG ( 4'47!5 REF 2



TRANSPARENT
COVERS DIRECT SOLAR

SOLAR RADIATION RADIATION

INQ.L.ATION

ABSORBING SURFACE | FLUID TUBES

BASIC FLAT PLATE COL.L_ECTOR

FIG (43) REF 2
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442.2 CALCULATION OF OVERALL HEAT LOSSES

Heat losses from the collector take place from the
top bottom and edges_ Losses from the top and bottom can
be calculated eessilv, Calculation of losses from the edges
is a complex problem Genef-a..lly for large collector areas
edge losses are negligible but for smaller collectors they
are taken as a very small percentage of the bottom losses,
(almost nagligiblo).

Heat Loss from the top of the Collector

Top heat losses from the collector metal plate at any

given temprature cen be calculated (since the sbsorption of
solar Radiation in the glass plate is small,, U7 top is not
directly influenced by solar radietion, Veriebles determine
ing the upward heat flux sre

(a) Tomprature of absorbing surface.

(b) Temprature of outer air and sky.

(c) Number of glass plates and specing.

(a) Tilt of glass plates from the horizontal-

(e) Wind velocity over the top plate,

On the sbove basis Hottel end Hoertz(ﬂ devcloped an
empericel releticd which wes modified by Klien., The
relation developed was for an angle of tilt of 45°, and is

shown below.
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Ut- ( N -l-i}—l
("I (Ep = EaI /N + £) Oe3%
. & to. B B2 * it - [(a.11)

E?p + 0.0425N (1..5;:); s (N s f-i)/£§; N

A relation which relates the outside heat transfer
coefficient or wind heat transfer coefficient to the wind

(8) The heat transfer

velocity was given by McAdams.
Coefficient was in W.o"ru2 °¢ whereas the wind speed was in.
m/s the relation is shown below.

h = 5.7+ 3.8V
Taking wind speed as 3 m/s in Samaru we have.

hwind = 5.7 + 3.8 x 3

= 5.7 4 11.4 = 17.1 W/m® ¢

Assuming double glass aovers plate emmisivity Ep as 0.95,
Glass emj.ttancefg as 0,88 and average plate temperature of
65 °C, Boltzmans Constant = 5.65 w/m%/°k?

2

£ = (1.0-0.06h +5x10~*h % (1.4 0.058n)

£1.0 - 0,04 x 17.1 + 5 x 10 % (17.1%J(1 + 0.058 x 2)
=  0.51

t, = 0.7 tmax + 0.3 tmin,
= 0.7 x 34.9 + 0.3 x 22.1

= 24,4+ 6.6 = 31%.
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Substituting these velues in equation {4.11)

UtGp = % + 1 {1
(22 zg&; 0.31 17

: 338 (2+ 0.5 :
+ 5,65 2 10°° (338:304) ((338)° + (304)2)

20. 9549, 0425x2x{ 1-0. 958;“ + ( x2+o,51 3;-2

= (2 + 4. 5.65x10"a:_t€42x296660

Utop = 1.06943.35 = 4.10 w/n® °

For anyother sngle of tilt the following expression given by

Kiem (1973) 1 used. Us(B) o 1-(p-45) (0. 00259-0.001446P)

Ut(45)
U(BY = 1 —(11,245)(0.00259-0. 00144 x 0.95)
Ut(45) |
Ut(ﬂ)u 1 = (=33.8) (0.00°59 - .00136) x 3.14
Ue(a5) - 180
* 1=(=33.8 X 00123) x 3,14
180
= 1 - (- .0%8806) x 3,14 .
180

1 = { -~ .0006772)

1+ 0.0006772
1.0006772 = 1,00068

U o
t(#-2) = 1,00068 x 4.10
= 4.102 W/o® O¢

L}

79



Heat losses {rom the top per unit of collector area

= 4.10x 3 = 139.4 W

Heat loss from the bottom of collecfor

Logses at the bottom are by conduction through the insulation

and then convection and radiation from the lower surface of
the insulation to the envirfrment. The resistance due to
insulation is generally much larger than the resistance due
to conveption &nd radiation therefore the latter is neglected

and the bottom loss coefficient is taken as follows:

Bottom = Eat - (4.13)

Kq = 0.037 W/n’K for glags wool insulation

L* = 5 cms = 0,05608 m, Upotton = 0,037 = 0.728 “/mz OK-
0. 0508

Heat losses from the bottom = 0,728 x (65~31)
= 0.728x3%4 = 24.75 wn°

Total losses = 139.4 + 24 ., 75 = 164.15 ,ufm? = 141 .01KCalfhr mz

Useful ehnergy aveilabl: from collector per m? of collector

ares = 471.5 =~ 141,01 35 3305 KCal/hr m?
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4e2¢3 CALCULATION OF COLLECTOR AREA.
. ice
Let the quantity of/required be 10kg. Assuming mass of
Tce equal to 10kg we crn now proceed to calculate the emount
¢f ammoniae vapor raquired per day by making a heat balance,
Let us sagsume initial temprature of water = 26 e
Naw weter at 26 °C fimet comes to 0 °C and then freeges into

ice, Heat is therefore given up by water, d

oty - t )+ Bi.m
= Refrigerating effect x Ammonia vapor

reauired per day,
10 x (26 -~ 0) + 10 x 80 = Refrigerating effect x Ammonia

y Latenk heal of fusion .
of e is ¥ kCoulky vepor required per day.
Now refrigerating offect = 258,93 XCal/kg of HH3 vaper

Let X be the smount of Ammonia vepor required per day.

10 x {26-0) + 10 2 80 = 258.93 x -
10z 26+ 10x80 = 258,93 x § 

10% 106 =  258.93 %
x = 10x106

258.93 i
_ _ . = 4.10 kg / day i
Totel charge reguired = 7.5 ¥ 4.10 'i
= 29.68 kg ;
i
1 ton refrigerstion = 3.516 K |
= 3516 Watts '

Also 1.16% Waktts « 1 KCal/hr

3516 wakts = 3316 = 3023.21 KCal/hr
1,163
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Lalel

1 ton refrigeration = 3073.71 KCal/hr
= 3023,21 x 24 KCal/dsy

Let y be the refrigerstion Capa-ity of machine.

Y X 3025.2 x P4 = 4,1

258,95
¥ = 4.1x258,9%5 = 0.0146% tons
3073, 2x24
y = _1%_tonsa
68
Useful Bpnergy available from collector ner m2 of collector
gres. = 471,5 = 141.01 = 330.49 Kcal/hr m2
Total tomnage regquired = 30 6821 - 44,5 KGaJ/h;- |

Coefficient of Performence of system = 0.308.

Energy required from collector = 44,5 ~

5,505 = 144.5 gc;;/hr
Duration of bright sunshine = & houra,
Avee of collector required = 3144.5x24 = 1.75 mz o

330.5 x 6 _
To be on the safe side we take the aree ag 1.8 m- ie |&m* I™ .
Next step is the selection of collectdr plate-tubes and
headers, There are two important factors before this seleow
tion,
(i) Strength of tubes and headers
(11) BSize of the tubes and heeders should be such that it

con accomodate the whole of the charge reguired for 1/68 ton
capacity,
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Since copper is non~corrosive, has high thermal conductivity
and can be eagily fabricated & coated, we consider it, as
the material for the absorber Pacpll in the design of our

collector Keeping in mind the above factors we have

selected, steel tubes of the following specificationss

Diemeter of tubes = 1.5" = 3.8 cms
Thickness of tube = 1" = 0,37 cms
8
Thickness of absorber plate = 1" = 0.159 cms.
16
Recommended specing between the tubes = 15 cms.

In this wev 11 tubes can be arrsnged in the collector
Sige of the headers has to be determined on the basis of
volume required for the charge. Total charge required for

1 ton capacity = 29.7 kg.Ammonia vepor required = 4.1 kg
68

Density of mixture st 49% NHz = 0.9 kg/1itre«Volume required

in collector = 29.7 = 33 lifres
0.9

Let the diameter of header = D
We condider that only 50 cm of tube length will be filled

by the mixture,

So 0.5x11dT x (0.038)° + 2x1.8 x 17 ° = 0,033
4 4
-3 2 2
6.237x10" “+2,83 D° = 0,033, 2.8 = 0,033 = 0,0062

2

2.8M° = 2.68x1072, D° = 0.9469x1072, D = 9.730x10°2 n

orD) =0.0973m =9.73 cms. /D = 9,73 cms/
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The detailed drawing of the collector assembly is shown
in Fig. (4.5) at the end of the thesise.
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445 DESIGN OF CONDEIISER

This is an important component of the refrigeration
system which needs more Consideration in design

and construction. The condenser remoues heat from
the recfrigerant carried from evaporator and added
by generator in vapor absorption system and converts
the vaparrefrigerant into liquid refrigerant.

It is simply a heat exchangerin which heat transfar
takes place from high temprature vapor to low
temprature air or water which is used as a cooling
medium. There are different types of condensers
used in refrigeration systems. In the present

system a water cooled condenser has been designed.

The Condenser coil surface area is calculated

on the basis of complete Condensation during

the regeneration period. For its design 2.54 cm
nominal diameter tube has been taken and water
side heat transfer coefficient and refrigerant
side heat transfer coefficient have been

calculated as follows.
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Water side or Tube Inside Heat Transfer Coefficient

A e i, Y w e ——

Two
asriini
rrwi
?1 oy 'Ib - T'l + Ty

g _— T2

L7177 77777
Latent heat of condensation of Ammenia = 313 KCal/Kg.
Mass flow rate of Ammonia vapor = 4,10 Kg/day
Total heat removed in condenser = 313 x 4.1 _

| = 1283.3 KCal/day.
Lef cooling water enter at a temprature of 26° ¢
Total heat rejected in condenser (qr) = 1283.3 KCal/day
Assuming condensation to take place from 10 a.m to
4 pom. i.e. & hours we have q_ =‘1§%§;§ = 213.92 KCal/hr
In order to ensure a heat balance this heat rejected by
the vapor has to be taken up by the coeling water.
According to the heat balance equation
qp =h"C, 6T =hC (T, ~T)) ]
Now mass flow rate of water is given hy f = fA.V
Density of water at 26° ¢ = 999,08 Kgfm3
Let us assume the velocity of wate as 0.1 m/s

X

f o= 999,08 x IY_ (0.026)% x 0.1 = 0.053 Kg/sec.
4
Substituting this value of  in the heat bhalance eqn
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o
Specific heat of water at 26° C = 1 KCal/Kg C

or T, =26+ 1.12 = 27.12° ¢

."+ Bulk temprature of water = 27.12 + 26 = 26.56° C
p)

Assuming a wall temprature of 32° ¢ we can now calculate
the heat transfer coefficient on the water and later
check whether our assumed value is correct or not.
Evaluating properties of water at 26.56 432 = 29.3°C

& = 995.02 kg/m>

c, =1 KCal/kg® C

vy =0.0847 x 107> m%/s

K = 0,6114/1.163 = 0,525 KCal/hr mfc

Pr = 5,774

Now Reynolds Number (Re) = Vd = gLéﬁzﬁnggg -5 = 3069

This value of Reynolds Number lies in the Turbulent range
Hence we use the Dittus Boelter Equation,

Nu = 0.023 (rRe)?*8(pr)%% . 0.023(3069)°°8(5.77)0-4

Nu = 0,023 x 616.02 x 2.01 = 28,5

Now Nu = hw.d or hw = Nu x K = 2B.5 x 0.525

2

o
or hw = 575,5 KCal/hr m“ C
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The following equatlion is used to calculate the heat

transfer coefficient on the refrigerant side.
3 e
y =
)

1 (4,14)

qlido (Ts - Ty

= 2
h. = 0.725 E:jﬁ g LK

(Ref 1)

The above equation has been deplved for calculation in
British units in the case of one tubhe, Hence we will
first calculate the value of hr in DBritish units and
then can convert the résult obtained in 5.1 units.
Properties of Ammonia evaluated at éém%_ég i.e. 33.3°%

or 9104°F are

= 0.29 BTU/hr £t%

Ky
.Pl = 35.88 lbm/ft-

4.17 x 108%fe/nr?

W
I

c 486,7 BTU/1bm

)

fl

1 0.504 lbm/hr ft

Substituting this values in equation 4.14 we have

1/4
3)
)
)

r 0.723 E (36.88)2 X 4,17 x 108 x 486,7 x (0,29)
( 0.504 x 0,108 x 7.2

0.725 (2035.8) = 1476 BTU/hr ft° °F

h

"

2 O

'rl

1476 % 0.252 x 9 = 7206.8 KCal/hr m
5 % 0.0929 .
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be3e2 CALCULATION FOR SIZE OF RECEIVER

In the condenser, the receiver has been provided to collect the

Condensed Ammonia, Size of the receiver has been calculated as

follows:-—

. Welght of Ammonia vapours required per day = 4.1 kg

Density of Ammonia mt 35°C temperature = 568 ka/m

«*s Volume of receiver required to keep this Ammonia
| - 41 = 6972 W o
588

Taking diameter of receiver as 12.7 ems and material as steel,

the length of receiver will be
T p? L - 65,97 x 10‘3
T
L - 65497 x 10'3 x 4
Wx (0127
L = 0.5 meters

The detailed drawing of the condenser assembly is shown
in Fig. { 4.6 ) at the end of the thesis,
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We‘will now calculate thé overail heat transfer coefficient

which is given by ¢ Cid
L=dordoe A i L
r W Ai K r
=1+ _ 1. .. 0033 + 0,033 1n . 0.033
7306 .5 75 0,026 40.95 0,026

= 107% (1.387 + 17.3 +1.923) = 20.61 x 10™%

2 o

4
or U = 10 = 485,4 KCal/hr m €

20.61

Sin.c,.{.a q = L{.}.\.AT = U,7Y. do'l'(Ts - Tb)
.'. 213.9 = 485,4 x 3.4 x 0.033 x 1 x (35 - 26.56

or 1 = 0.5 meters
We now check back for the wall temprature and sce
If ocur assumed value is correct or not.

Since hr‘Ao°(Ts - Tw)z_hwoai. (Tw - 26.56G)

7206.8 x 0,033 x (35 =~ Tw = 575.5 x 0.026 x (Tw - 26.56)

556032 - 15'89 T = T - 26056
w W
5682.88 = 16.89 T or T = 32.5°C
w W SRSt
This value of T is almost equal to our previously
assumed value of Tw, Hence we need not calculate

again using hit and trial,



hel DESEGN OF EVAPOR.TOR
a

Evaporator is/pert of refrigeration svstem in which
refrigerant is vaporiged to produce refrigeretion., In the
system being designed here, brine is nsed ¢s a secondary
refrigerant (25 percent common salt in water which hes a
freezing point below 15°F). The liguid refrigerant which
comes from the condenser first collects in evaporator
receiver, then it is passed to the evaporator coil wherec
it gets vaporived & produces cooling. The refrigerant
vapor which forms in the evaporator gets absorbed by the
absorbent in collector cum absorber.

halial CF EVAPOS

In evaporator coil heat is transferred from brine to
the refrigerent boiling at the evaporator temprature. The
heat transfer coefficient of refrigerant side is considerably
higher compare with heat transfer coefficient of the brfine
side, The tosal amount of heat transfer in evaporator is
given by Q = U/(ty = tg) = my 4o (tp - ty) = hr 43 (ty = tg)
Brine and refrigerant side heat transfer Coefficient are
required to be caleculsted for calculating the area required
for evaporator coil for complete heat trensfer to take

place from refrigerent to the brine solution,
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REFRIGERANT STDE HEAT TRANSFER COEFFICIENT

The following equation has been develcped to calculate

the refrigerant slde heat transfer coefficient.

_ e . 1/3
(£, = top) F o v om®
K. - Cor {0 g%"'* i
Pr ° L -
M Ay Lv,ﬁ/gf L8
(4.35)

Saturation temperatire of
liquid ammonia = —10°C

Tepparatyre of brine varies from = 5 to - 8°¢

Let wall temperature o = 8*c

Properties of ammonia at Saturation tempefature
Cp =  1.09 KCal/Kg °c

Ly = 3094 KCal/Kg
- 652 kg/m®
fv = 2.4 Kg/m3
}1;, - 0.89 Kg/mwhr

K = 0,467 K Cal/hyem © ¢

9 = 4,275 x ZI.('J8 Kom/Kagf hr2

o Ce = 0013, g u 239 x 1070 xgt/m
Prandtl NumbeS (Pr) = Cp AL
K
- . 1,09 x 0.89
- Towmer = 21

On substitutimy the above values we have

90



/3
1,09 x (w8~(~10) = 0,013 qj"‘i J 23.9 x '10-4 1
(

1/3
or %%%—l‘—ém = 0,013 t M. 3,68 x 1076 }
. x - 27
or 1,996 = 0.093 x 1000 {‘-'/“1 X 1,92 x 10™ }
276
9
376 x 1.82 x 10
6
or (0.1535)3 - a/M x 6496 x 107
6
/M - W = 517 K Cal/hpen’

Brine Side Heat Transfer Coefficient

Brine side heat trangg., coefficient is - calculated

using following equation I,
Nu = 0453 (GrPr) ! - (L)

The propgrties for the above eq S have been seen at the

mean bulk tempepature of brine wiich is calculated as below
L. Ho T. D- = (3—0- %) - (w‘
In  ftg = tpd)
ty = tb2f
« (=10« (=8)) = §=10= (=5}
In E-m-t-a) )

{c10-(=5) 3

-2 4 5 = 3 = 3
1n =2 1n 0.4 0.916
-5

Bulk temperature = 10 = 3,28 = = 13,28 = = 6.64 °C
N e
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Properties of brine at temperature of - 6.64 °¢
at 24% concentration are
/a. = 15.25 kg/m hy |
c = 0,785 KCal/kg °c |
X = Oe¥BKCalmem®  \ w;:'
L = 1194 kg/n’ :

Prandtl Number (Pr) = ¢

¥ . 15,25 x 0,795 :
- 0,358 R
= 33.4
Grashoffs Number = _} d3 qq.t»P 2
2
ﬁg 2 -3
= (0.033)~ x 9,81 x (1194)° x 3,75%x10 x 2
233
-6 6 -3 &
271x36xI0" x%9,81x13%x10 X3¢ 75%10" x10 x1,42
: 233
6
Nu = hbd{ = 0.53 (6rpr) W4
P9y | | 6, ¥4
"'E—-- = 0,53 (33.4 x 28.4 x 107)
. 14
X 0,026 6
0358 =0n53{3304 x 2804 x 10 )
1/4
h, = =38 o 0.53 (33.4 x 2804 « 10%)
0020 , .
o _ 25
hb = 1280.5 KCal/hr m c

ok
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.;L.. = hp (=664 + B) =  1280,5 x 1.36
= 1741 XCal/hr n°

The heat transfer from refrigerant to pipe wall is the same

as heat transfer from pipe wall to brine.

&- = 'A%- X -LAO = 517 x 04,026

0,033

Ao
- 408 KCal/hr l'n2
The above value of /A, does not agree with the Balue

calculated before. Sc we need a second trial for wall

temperature. Let wall temperature = =7, 4 °%

Again subgtituting the values in equation (4.15)

we:mre 1/3

1/3

1,09 x ;ae o 0013 (q/ag 23.9::10'41
3453 x ol

276 (652 = 2.4

1/3
Ei-g-' - t%-i; x1.92x‘10-3}

Cubing both sides we have tz.&;s . o -3
33 Ay X 192 x 10

276
or 4 (o,jg'):’ x 276
Ai 1.92 x 1.0"3
- 8x10-3x10.3x276
Ts U2

93



= 1150 KCal/hr m2

e o

& . &L x2r oo 1150 x 0,026 - %06 xCal/hr w0
° i Ao 04033
By the other method we have g _ hy (=6e64 « Ta4d)
AO
= 1280,5 x 0,76

= 973,2 KCal/hr m2

Since both the values seem to be nearest to each ather

the wall temperature can be taken as

bvall = - 7.4 %
In the above q is nothing but the refrigerating .effect

that takes place in the evaporator.
q - 58093 X 4,10 = 106146 KCal/day
Assuming evaporation to take place for 6 hours i.e. from

10 peme to 4 a.m. we have
1061.6

- -T--'- thO {%"‘tw)

or 1280,5 x Ao X (=6e64 + 7e4) = 1061,6

e .

6

A - 1%1.6 2
o Tx 1B = B m

Now &o - T.tdo.l
OelBe TX x0.033x1

or 1 = (4,18
ﬁx0.033 = 1,75 meters




Volume of each can = 10869,5
3

= 3623.2 co’

Taking diemeter of cans as 12.7 cms we have

fLxd’xh = 3623.2
4

AL x (1272 x h = 3623.2
4

h = _3623,2 _
ii x (12.7)2

h = 28,6 cms

We meke three cylindricel Ice cans of diameter 12.7 cans
and height 28 6 cms each,

Yobol CALCULATION OF INSULATION THICKNESS

Thickness of insulation should at lcast be cqual to 50mm
of Mincral wool.

Thickness of mincral wool = (X4) = 50 mm

Let thickness of glasswool Insulation = (X2) mm

Thermal Conductivity of mincral wool (Kmy)= 04027 KCal/hr m °C
Thermal Conductivity of glasswool = 04031 KCal/hr m °C

95027 _  0e031

= 50 x 0,031
«02

or X

2 6 em = 0,06 meters
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The detailed drawing of the evaporator assembly is shown
in Pig. ( 4.7 ) at the end of the thesis.
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4.5 SUMMARY OF DESIGN

The designed solar collector is made up of eleven 3.8 cm
diameter, o) cm long steel tubes, with two Mild steel
headers qach of diameter 9.7 cms and length 17¢ cms. Both
ends of the tubes are welded in the headers after cutting
holes in them to get proper connections. The ends of the
headers are closed by 1 cm thick mild steel discs welded to
it. A copper sheet of 0,159 cm thickness is welded
in the upper face of the collector tubes ,

The collector sheet has been painted with
Commercial black in order to absorb solar radiationse. A
pipe line of 3.8 cm diameter has been provided on the
upper header for charging purposes. Two more connections
of 2.54 cm diameter have been given from the upper and lower
header to connect the collector or generator/absorBer with
the condenser and evaporator respectiv‘e{y. The whole
collector assembly has been kept in a frame made of 2.54 cm
thick plywood at the bottom of which 5 em thick glasswool
insulation is provided to reduce bottom losses. The upper
face is covered by 4 mm thick double glass plates fixed in

the plywood frame.
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The spacing between the twoe glass plates and the metal plate.
to the inner plate are 2:,% cm and 5 cm respectively. The
glass plates can be kept open with the help of angle lrons.
The collector has been placed in an angle iron stand with

a slope of 11.2¢with the horizontal.

A double tube water cooled condenser has been desiéned,_ The
outer tube has been connected to the collector whereas water
from the city mains flows through the inner tube, A 02.54cm
nominal diameter, 0.5 m long steel tube has been designed
for the purpose. One 2,54 om diameter pipeline has been
taken out from the outer tube to connect it to the evapora-

tor receiver,

The evaporator recelver is made from 12.7 cm diameter,

0.5 m long Mild Stesl pipe with ends closed by 1 em thick
Mild Steel discs. Evapcrater coll of 2,54 cm diameter,
1aTSmeters length, steel pipe has been designed. The
coil is bended in such a2 fashion that it may come around
the three ice cang made of the degigned size. One end of
the coil is commected with the receiver and the other with

the collector,
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A brine tank68 cm x60 em x 30 cm has been made. The
receliver 1s kept on the brine tank with the help of an
Angle Iron Stand. The brine tank is housed in a 2.54 em
thick wooden box of size 80 cm x72 cm x 38 cme A
glasswool insulation of 6 cms is provided in the space

between the wooden box and the brinc tank.

A top has been cut in the wooden box to take out the

ice cans.

Three cylindrical ice cans of diameter 12.7 cms and
length 28.6 cms have been designed. The cans are

made of Balvanised Iron Sheet.

The whole evaporator assembly is kepton an angle Iron

stmdo '.-'*"r‘ ;'1“‘
The system assembly/flow diagram is shown in Fig. (48)
at the end.



CHAPTER ©

GENERAL REMARKS

5.1  Fabrication

It was intended that the system designed above be
fabricated and tested so that the results obtained could
be compared with those obtained by other people. Unfortunately
this could not be carried out, firstly because of lack of time
and secondly due to shortage of materials required for the

fabrication.

5.2 System Assembly
Assembly of the Intermittent System is nothing but the

joining of the three Components ie. the collector cum

] nerator/absorber, Condenser and evaporator. Connections

can be done with a 2.54 om diameter welded steel pipe as
generating pressures are quite high. One end of the collector
can be connected to the outer tube of the Double tube water
cooled Condenser, The outer tube can be made of a suitable
diameter so that it can act as a receiver. The other end

of the outer tube can be connected to the evaporator receiver,
Water flows in through one end of the inner tube and leaves

through the other thereby condensing the refrigerant on the
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inside of the ocuter tube. One end of the evaporatof coil
oan he connected to the evaporator receilver and the other
to the generator/absorber. The valves can be provided in
each connection to open ox cleoge the line,

Pressure gauges can be provided at the generator exit
to measure the pressure during regeneration and refrigeration.
Thermometer pockets can alsc be provided at the sxit of the
generator, condenser and evaporator to measure the temperatures.
A charging line could be provided at one end of the top header

to charge the mixture into the system.

£.3 Charging of Ammonia~Sodium Thiocyanate in the System

| Till to date no specific procedure has been given in the
literature for charging., If the system is fabricated the
following procedure could be adopted for the charging of the
mixture in the systen,

First of all the air iz removed from the system by a
vacuur pump. A required quantity of Sodium Thiccyanate is then
put in a separate oylinder, modified for the purpose and air
is remcved from the cylinder, After making a fairly complete
vaguum, amscnia is charged into the coylinder as per the

quantity required.
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The cylinder is then closed and well shaken to ensure
complete solution of all salt. During the process the cylinder
gels heated up, and its pressure rises. It has to be cooled
down by keeping it in ice cold water so that the heat liberated
during mixing is removed and the pressure decreases. This
way the mixture of Ammonia-Sodium Thiocyanate can be made
in a separate cylinder. Now to charge this mixture into the
generator the cylinder ig put at a higher level than the
generator, to make a gravity flow. Charging can be done
early in the morning when the cylinder pressure is considerably
higher than the generator pressure. The complete charge is
therefore transferred to the generator from the cylinder first

due to pressure difference followed by gravity flow,

5.4  PRESSURE TESTING OF THE SYSTEM

If fabricated, the pressure testing of the system could
be done in two phases, First of all the system components
can be tested separately to a pressure about 1% the designed
pressure using Carbon dioxide gas. Then in the second phase
the system components can be tested again for the same pressure.
Further teo check minor leakages the system can be left under
the same pressure for about 2 days. Finally vacuum can also

be performed to avoid any leakage of air into the system.



5.5 Conclusious
Thecretically it can be seen that the co-efficient of performance

of a system operating on liguid abaorbént depends critically

on the final temperature reached duriug generation., As the '

final generation temperature is increased more and more

refrigerant is driven off, and the concentration difference

between the strong and weak gclution increases. A4As a regult,

the amcunt of solution, the heating of which to the generation

temperature constitutes a sgignificant loss decreases and

C.0.P. goes up.

The gystem using liguid absorbent ie also sensitive

to changes on condepsing temperature. TFor a given final

generation temperature the coefficient of performance

decreases rapidly with iuncrease in condensing temperature;

This is because, as the condensing temperature increase the

concentration difference between the strong and weak solution

decreaseg and larger the amount of sclution that is needed,
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S5e6 Suggestions for further work

The following suggestlons should be incorporated in the course of

time, to enhance the efficiency of the molear collectar by conducting

tests on an experimental model of the designed system.

1. A flat (planar) reflective surface (sheet metal or foilad
surfaces) may be placed near the flat plate collector in ordex
to achieve sclar thermal concentration, Both direct and diffuse
sunlight can be concentrated in this way. This can add
slgnificantly to the amount of sunlight striking the collector,
and in some cases may even double the amount of sunlight,

However since both the reflector and collector will be mounted in
a fixed position the concentrating effect is significant only

at certain times. The appropriatenass of uslng such reflectors

depends on location and material used,

? 2 One may try various concentrations of the Ammonia=Sodium

Thiocyanate mixture and see which gives better results.

: 3e Selective surfaces may be used which have a high
absorptance for selar radiation and low emittance for long
wave radiation (for details see APPENDIX 1 and REF. 2

Pages (98 - 103},

4, To suppress Conveption honeycombs may he used (FOR DETATLS

SEE APPENDIX 1).
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APPENDIX 1

IMPROVEMENT OF PERFORMMNGRE OF . FLAT PLATE COLLECTORS

There are a number of notential ways to improve the
parformance of & flat plate collector, but each exacts &
cost, To detormine whether a given way of imrdeving perfor-
mance is cost effective we need to dstermine to vhat extent
it improves the efficiency of energy extraction., The ways
to reduce losses and increase efficiency of extraction of
golar heat are: |
i. Reduce Convection logges by

(2} Inverting tho ebsorber cnd other geometrical nsans,
(b) Using honey combs. ' ) T
(¢) Heducine the temprature difference between surfaces.

2. HReduce radiction losses by using.

{a) Selective sbsorbers.
(b) Selective windows
{¢) Both Combined

Bach of these methods is described in brief below.
1 (a) Convection occurs when a lower surface is hotter than
free air end where huvoyency effectz con move the heated ajir
upward. If the heated snrface faces down, for exnmplo,
convaection cannct ncevr hemnnaeag {hag o'~ Jamarg are gtable
up against the hemted mrfane. Ths loss ia then by

Conduction alone (inthe ahgenre »f sind %~ rove the hesatnd

I
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Olne Ean thus plﬁce the collector absorber and window fecing
downward and uge a mirror to reflect sunlicht up into the
collector. This method although does eliminate convection
but it suffera from the additional reflectivity loss by the
required mirror, | ' :
Geometrical guppression of convection mﬁy be ﬁaeful

in ceses where the reflection loss is small compared to the
convective loss or where & mirror silready is used to concen-

trate light on the absorber,
B Convection logs is also & function of the shape of the
heated suface and the tilt of & flat plate surface. The -
largest convection loss ia that from & horizontal flat plate,:
For vertisal surfaces the loss is asbout 0.8 that of a
horizontal surface,
1 (v) Suppression of convection can also take place through
the use of honey combs. When a vertical chafinel is made
small it has been found that vertical convection does not
begin until & certsin finite temprature difference between
the top and bottom of the channel is exceeded, A4certain
minimum Rayleigh Number mst be exceed for the onget of
convection, where Rayleigh Number is delined as |

1 Re = ob° 2 ey O/ MESX

e
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where
q = heat flux per unit time,

L = Characteriatic dimension, the width of the
channel, ' -

¥ = Veolumetric expansion of the fluid. _

¢p = ddrific heat of the fluid at Constant pressuve.

AL = dynamic viscosity.

k = Thermal Coefficient of Conductivity.

X = Length of the channel,
The thecorotical minimum value for the onset of Convectien is
when Graashoffor Rayleigh number is 1707t The presence of
amall channelsg of the mesh effectively increases the value
of Gr or Ra for the surface from 1707 to 200, 00.3uppression
of convection would only he effective for small temprature
differences between the top and bottom of the honey comb,
If the absorber temprature rose bevond a certain minimum,
then the value of g would csuse the Ra value to exceed the
limit and convection would begin,

The expected variation of the convective heat loass
with increasing temprature difference for & honey combs is
shown in Figure (A-11), Convection normally grows approxi-

1%/% and is shown by dashed

netely linearly with temprature
line. When the Reyleigh number is Sufficently low, and when
either the cell spacing of temprature difference is small
the convection will be fully suppressed. When Rayleigh
Number reaches about 2000, the convection begins and it

riges rapidly to reach the normal convection level,
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loss

convective heat

temp. dif ference
Schematic__representafion of ﬂte effect of convection sup-

pression with honeycombs as function of increasing

temperature difference. The t dxffemture ut the knee
of the curve mﬁends size the opening of
the honeycomb cell.

FIG (A-1-1) REF 9
1 (c) The addition of a selective absorber adversly affects
the convective exchange between the selective surface and
the nearest cover window, The temprature difference is
increased and hence the Convection is increased because the
window is at a lower temprature than with a black body
absorber, The reason for this is gimple: less energy is
flowing out through the windows, This effect indicates that
we need someway of heating the cover next to the selective
surface one way of accomplishing this further tuning of the
collector would be to inhibit some of the TIR (Thermal
Infra Red) emissdon upward from the inner cover. In other

wards one would like to have & selective transmitting
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surface placed on top of the cover to raise its femprature
and decrease the convective heat exchanre with absorber,
One might term this addition & selective coating to
control convection losa by reducing the tempreture differ-
ence between surfaces, o

2 {a] To explore the effect of selective sbsorbers, let us
asgume that there is no emssion from such a surfece, In
reslity there will be at moat & few percent emission,
perhaps as much as 1%, but to see the best performance we
assume no emission. Je will, however take into account
that selective surfaces donot have ag zood an absorptance
asf = 0,98. i8s a8 realistic value for the absorptance we
will assume the selective surface is = food one and has an
absorptance of « = 0.90,

Single Window Collector:i~ The change from & Q.98 gray body

to a 0.90 selective ebsorber 2luo provides a distinct
advantage for a collector heving & single cover window,
The slightly lowered absorptance of the selective surface
lowers performance only for small temprature rises above
ambicnt. The change in efficiency ceused by the addition

of & selective sbsorber is &s shown in Figure (A-~i2)
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