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ABSTRACT

Relrigeration is a mujor enerey consumer in our world, l'oday becanse of the
word warming, the world should be aware to this point. In this project solar encrey used

adsarption eyele in order to produce ice without any effect to the nulure.

This project can used in poor areas which are nol able to usc ¢lectricity to have

the reftigcraling effect and its real and exciting possibility.
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Chapter one

Introduction

1.1 General outlook

A5 the world becomes more sell’ aware of changing climate conditions causad by olabal
warming, it is vital to reassess our dependence on the burmning of fossil fuels to gain energy. The
dtemnatives for gaining Lhis energy can be found in the sources of renewable enerey such as
solar, wind. biomass and wave etc,

n particular, the solar energy alternatives 1s now being more closely examined in an attempt to

atilize this as a source of energy for both domestic and comunercial; and users such as

refrigerators, air conditioners, hot water heaters and desalination for water recycling elc.

0 recent vears, increasing sllention is being given Lo the use of waste heat and solar energy in
cnergizing refrigerating systems. Solar powered refrigeration and air conditioning have been

allernative during the last twenty years, since the availability of sunshine and the need of

irigeralion both reach maximum levels in the same season,

One of the most effective forms of solar refrigeration is in the production of ice. as ice can

accumulate much latent beat, thus the sive of the lee maker can be made small.

n this project methanol and active carbon in solar adsorption eyele and use a parabolic trough to

reach high temperature on surface of generator s used.




Figure 1.1: general sketch of the project

1.2 Previous Studies

Solid adsorption refrigeration makes use of the uniyue leatures of certain adsorbent - relfgerant
pairs to complete refrigeration cveles tor covling or heat pump purposes. Zeolile and activated
carhon were used as absorbents in many systems. In carly 19807s, Tchemer carried out an
investigation of adsarption refrigeration wilth the Zeolite and waler pair. Also, Pons and Genier
worked on solid adsomtion pair of Zeolite and water, 1o produce refrigerating effect achieving a
coelficient of perlormance of only about 0.1.

Later, in 1987, Critoph demonstrated that activated Carbon and Methanol can be served as a

suitahle pair for a solar powered, solid — adsomtian ice maker, Critoph had studied the

performance limitations of adsorption cycles for solar cooling and concluded that, in general,




sctivaled Carbon - Methanol combination was preferable for solar cooling which giving the best

coelficient of performance achievable in a single — stage eyele.

= this project solar adsorplion cyele with methanol and active carhon to produce ice is used.

1.3 Project Objectives

- Diesign a solar adsorption ice maker that uses methanol and active carbon as refrigerant
and adsorbent respectively, which use the sun rays to produce the energy needad 1o

complete the relrigeration cyvele.
- Design a parabolic trough to reach high temperature on gencrator tube.
- Determined coefficient of perlormance Lor solar adsorplion cyele.
1.4 Project Layont
The project consists of the lollewing chaplers:
Chapter 1: Introduction

Introduction contents general outlook about project, previous studies of a solar adsorplion

cycle, project ebjectives, time table and budget.
Chapter 2: Refrigerant and adsorption cyele

This chapler discuss three basic point, the first peint discussed adsorption cycle
and its stages. The second point included explaining the components of eycles
“gencrators, parabolic trough, condenscr. cvaporator, ice box". The third point

show type of refrigerant and adsorbenl malerial.

(Chapter 3: Selection and design component

In thiz chapler the component of the adsorption eycle designed, 2lso pipe selection.




Chapter 4: Experiment and calculation

Experiments are very impartant ta obtain amount of cooling value thal necessary to
calculate coefficient of performance of cycle.

Chapter 5: Conclusion and recommendations.
Conclusions that concluded from the experiments and caleulated from the experimental

valies of the project and what problems face the project and the recommendations which

recommended increasing the efficiency of the cyele.

1.5 Budget
Table 1.1 budget
TASK COST (NIS) T
Researches and Trternel 600
Transportations o]
| Prinling papers 450
|_ Equipmentz 1200 ’ - |
| Refriperant and adsorbem 420
l TOTAL 70
1.6 Time Planning

e project plan follows the following tme schedule, which includes the related tasks of study

and system analysis.




The following time plan of first semester

Table 1.2 the first scmester time plan

Task/Week B O R T e 11 [12 |13 |13 |1

=|
(=}
.
L]
=
L
=,

Collacting:
Informaricn
Wémdin 4

Introdution

Cyvcle components

Praject
Bocumenlalinn

1he [ollowing time plan of second semester

Tablel3 the second semester time plan
TaskWeek 12 |3 4 |5 (6 [7 |8 |y [wWw[nn]1Z B3][1a]15]16

Diesigen of project

Suilding the project

Obtained réfrigeran
sl wdsorbem

Caleulation and
experimenl

Comclusion and
recommendation

Frotect Documentation
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Chapter Twao

Refrigerant and Adsorption Cycle

2.1 Refrigerant and Adsorbent

2.1.1 Refrigerant (Methanol)

It 15 also known as methyl aleahol. wood alcohol is a chemical compound with
formula CTIZOM Tt is toxic drinkang 10 ml will cause hlindiiess, and as little as 100
ml will cause death. It is the simplest alcahel, and is a light, volatile, colorless,
flammable, and liguid with a distinetive odor that is very similar to but slightly
sweeter 1han ethanol (drinking alcohol), At roem temperature it is a polar liguid and is

used as an antifresze, solvent fuel. and as a denatirant for ethanol.

Methanol is produced naturally in the anaerobic metabolism of many varizties of
bacleria, and is ubiquitous in the environment, As a result, there is a small fraction of
methancl vapor in the atmosphere. Over the course of several davs, atmospheric
methanol is oxidized by oxyvren with the help ol sunlighl W carbon dioxide and water,

Methanol is therefore biodegradable
Fhermmal snd physical properties of methanol:

The freezing and boiling points ar armaospheric pressure are (-97°C ) and (64.7°C),

=

respectively, the density of methanol and viscosity at 20°C (0.7918 glem’) and (0.59

mPa,sec), respectively.




Application of methanol:

The largzst use of methanol by far is in making other chemicals. Aboutl 0% of
methanol is converted to formaldehyde, and from thers inlo producls as diverse as
plastics, plywood, prints, explosives, and permanenl press tlextiles, Derivatives of
methanol inelude dim ethyl ether, which has replaced chlerofluorocarbons as an
aerosol spray propellant, and acelic acid. Dim ethyl ether or "DME" also can be
blended with liquefied petroleum gas (LPG) for home heating and cooking, and can
be used as a dieszl replacement transpormation fuel. Methanol is also used a5 a solvent,

and as antifreezs in pipelines and windshield washer Quid

2.1.2 Adsorbent (Activated Carbon)

It is also called activated charcoal or activated coal, is-a form of carbon that has been
processed 1o make it exoremely porous and thus to have a very large suiface area

available for adsorption or chemical reactions,

2,1.2.1 Applications

Adsemtion refrigeration, gas puritication, gold purilfication, metal extraction, water
parri fieation, medicing, sewags treatment. air filters in gas masks and filter masks.

lilters in comprassed air and many other applications.

Carbon adserption has numerous applications in removing pollutants from air or
walcr streums both in the field and in industrial processes such as, Spill cleanup,
Groundwater remediation, Drinking water filtration and Air purification volatile

organic compounds capture from painting, dry cleaning, pasaline dispensing

Uperations.




2.3 Adsorption cvele
2.3.1 Introduction

Adsorption is the use of solids for removing substances from gascs and liquids.

The phenomenon is based on the preferential partitioning of substances from the

gaseous or liguid phase onto the surface of 4 solid substrate.

This process s reversible.
2.3.2 Adsorption Phases

s [leating and pressurization
& Heating and desorption with condensation
¢ Cooling and depressurization

¢+ Cooling and adsorption with evaporation

Hiag b Faessam &

Bl o gt o Fra=Tn pigead oW s LR S Eal R ) S
Bl g oo Tharas i Bt B Heal @ o fara Daery
Hieant

Figure 2.1 adsorption phases
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Heating and pressmrization:

When the cyele processes begins the methanal will be adsorbed in activated carbon
and because of the increase of temperature the methanol will leave aetivatad carbon
particles, heating and pressurization process vceurs in the penerntor, in this process
the adsorbent temperature mereases. which mduces a pressure inerenss, from the
evaporntion pressure up {u the condenzation prassure sze figure 2.1 (B) . This period

is equivalent W the "compression” phase in vapor compression refrigeration cveles.
Heating and desorption with condensation:

This phase occurs in gencrator and condenser, during this period the absorber
continues receiving heat while being connected to the condenser, which now
SHPerimposes ily pressure.

The adsorbent temperature continues inereasing, which induces desorption of vapor.
This desorbed vapor is liguefied in the condensar,

The condensation hear 15 released to the second heat sink at intermedinte temperature
see figure 2.1 (B). I'his period is equivalent to the "condensation" in compression

eycles.
Cooling and depressurization:

This phase oceurs in receiver tank, during this period the absorber releases heat while
F =

bring covered from the sun. The adsarbent temperature decreases, which induce the
pressure decrease {rom the condensation pressure down to the evaporation pressure,

see fipure 2.1(A). This period is equivalent ta the "expansion” in compression eveles,
Cnoing and adsorplion with evaporation:

This phaise occurs in ice bax and generator, during this perivd, the absorber continues
releasing hear while being connected to the evaporator, which now superimposcs its
pressure. The adsorbent temperature continues decreasing, which induces adsorption
of vapar. This adsorbed vapor is evaporated in the evaporator. The evaporation heat is

supplicd by Ihe heat source at lew temiperature see figure 2,1(A)  This period is

cyuivalent to the "svaporation” in compression ¢veles,




2.4 The components of adsorption cycle
- Sclar eollectors:
The solar collectors have many 1vpes as mentioned in table 2.1 balow.

Table 2.1: clazsification of collectors

|
Motion Collector lype Concentration Indicative temperalure
ratio range (°C)
o Flat plat collector (FPC) 1 30-80) |
Stationary | Fwvacuated fube collector (ETC) 1 30200
" Compound parabelic collector (CPC) I-5 60-240
i Compound parabolic collector (CPC) 5-18 B0-300
Smale-axis | Linear Fresnel reflector {(LTR) i 10-40 BU-250
tracking =
Parabelic rough collector (PTC) 15-45 60-300
Cylindrical trough collegtor (CTC) 10-30 afl-300
Tow-axis Parsbolic dish reflector (PTC) [ B0=T 00 100-500
Tracking | Heliostat field collactor (HFC) 100-1300 150-2000
In this praject parabelic trough has been used as solar collectors.
1-Parsbolic trough:

| Historically, the parabolic trough plants used in electricity generating plants.
| Statomary parabolic trough capable of generating temperatures nearly 240°C The

general rend is to build larper colleetor with higher concentration ratio to maintain

collector theemal efficiency at higher Muid outlet temperature.




Thermal analysis of collectors:
Concentrating collectors:
I'he wseful energy delivered from a concentrator is:
G =0 A T pigC 2.1
Gy o Trrediance,
Ax: aperture area.

p: reflectance,

o @ absorplance.

L’ ! eoncentration ratio.

Qrens © AmMount of heal on generdlor.
C=A./A

A recelver area.

/ e
7

Figure 2.2 sketeh of a parabolic trough

Figure 2.2 shows a sketch of parabolic trough which is buill for this project.

2- Condenser

Fhis component should have a suitable length and dismeter in order (o complete the

comdsnsing parl in it its position is below the generator to ensure that all vondensatz

vapors will go to the evaparator and will not returmn to the generator wbe, figure 2.3




and figure 2.4 shows the condenser pipe with fins welded on it and sketch of

condenser.

Figure2.3 condenser pipe with fins

 p—
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Figure 2.4: sketch for condenser




J- Grenerator

It is a tube hat contains the adsorbent and refrigerant. this tbe should have a high
resistivity o the high remperature and pressure and should not be carrosive with the

relrigerant and adsorbent In this project galvanized steel was used

Figure 2 5 show the generator tube which contains the activated carbon and methanol

used in the cycle and fligure 2 6 sketeh of section area of cenerator

Figure 2.5 generator tube
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Figure 1.6: sketch for generator




4-Receiver tank and ice box

In this projecr receiver tank as evaporator will be used, the position of evaporator
in ice box, The evaperator will be receiving a liquid methanol form condenser to

maintain a suitable level to given the needs refrigeration effact

Ice box 1s the refrigeration space: the wall of this box 1s made from rwo plastic laver
and foam between its like sandwich to maintain suitable thermal solation between
refrigeration space and surrounding, figure 2 7 shows the ice box and recaiver tank

that was used in this project and figure 2.8 sketch ol ice box and receiver tank

Figure 1.7 ice box and receiver tank




icemaker Box:
_ =orap chest freezer
b or wood/metal box

Recsivertank
collecte aliquid
ammaonia

Figure 2.8 sketch of receiver tank and ice hox

5- Pressure rauge

Many techiiques have been dey cloped for the measurement of pressure and vacuum

Instruments used to measure pressure are called pressure gauses or vacuum Lauges

A manometer could also be referring to a Pressure measuring instiument, usually
limited to measuring pressures near (o atmospheric The term manometer 1s olten used

to refer specifically to liguid column bydrostatic instruments

A\ vacuuim gauge is used to messure the pressure in a vacuwm which is further divided
nto two subcategories: high and low vacuum (and sometimes ultra-high vacuum)
The applicable pressure ranges of many of the techiniques used ro measure vacuums
have an overlap. Hence, by combining several different types of gange, it is possible

" measure system pressure continuously from 10 mbar down t 107 mbar

17
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Chapter Three

Selection and design cycle component

3.1 Parabolic trough design:

Lt the shape of the parabolic mirror be delined by

Y= mx*. (5.1)
I'he slope of any tangent ling at any point on the parabola is:

Slope =tan 8 = 2K, ..iovenrvrnnnnie L 1L (3.2

iy of
Titedsi

I tarioent

ool

= —

Fipure 3.1: parabola

Figure 3.1 shows a sketch of the parabola that is applicable in the parabolic trough.

o)




From the figure (3.1) the focal length (f) is:
By e N .. (3.3)
But the triangular geometry, k/x = tan (20 - 260).
+h=xan(90-2) i 43 (2.4)
And lan (90 - 2 ) = tanf
p=20,s0
an {90 -20)=14an2 9 ...cooeviviivens (4): {(3.5)
Substituting (4) into (3) then in (2) gives:
i -7 vy . e SRR AR L ) (3.6)
Using triangular identity
tan2 O'=2tan & /1- tan” B,

= 2% 2mx/ 1-(2mx) ~.

— dmx/1-4mx", (3.7)
So f=mx" + x/ ({4n/1-4m*x"))

=mx + [E—4m*'1“';a-i-mx]. (1.8}

S0 =1 4m; which is indcpendent of %. It also sives a useful relation between the focal

wength and the shape of parabolic mirror,
So m=1/4f. Then y= (1/46) +.

The line y= I, is called the direetrix. 1L has the property that it is just far from any

point on the parabola as the focus point is:
x+ (1) = (v~ (3.9

Therefore, depending on the size and shape of the autoclave device, focus point (1)

will be chosen properly to fit or suit the autoclave in the focus

20
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So for example il the foens length is 1 meter, the parabola that will be used in the

building of the parabolic mirror be:

v=x/af=x"14. (3.10)
y=2Tem.
»x=3bem.
m=0.27/03* {m 13 amplitude so it is dimensionless)
=3
tanE=2mx.
2 i
=18

26 the value of B equals o &1,
f=y+k

k =0.3tan (Y0 —Z(61)).

=.0.186 m.
=027 0186
= (.084m.
= {4 ¢m.
3.2 Generator:

I this project the material of generator selected without any desien of thickness or
diameter because the pressure in the eycle it below aimospheriv pressure and the main
purpose of project is produce ice not specific amounl of ice then the generalar
matarial is a galvanized steel pipe with a radius of 44.45 mim and a length of 940 mim,
inside this pipe another pipe of rectangular shape selected wilh dimensions of 20" 21)
mm® this rectangular pipe have holes of diamster 1 mm and belween every tva holes

a distance of 3 pim.

Sectional arca of the outer pipe (Ao}

21




A, =n*1> G
=1 *(4.445%°
=62 em”

- - - [ .
And the internal pipe sectional area is 4 cm® so the total volume of the generator can

be calenlated by:

Vi (A = A (Lar). (3.12)
= (624} (96).
= S568 en’,

Then the otal amount of activated carbon (A.C) can be calenlated by the following

cquation:

myc= Vi p. {3.13)
=5.56817* 0.7 ke
= 389K ky.

Methano! amount can be caloulated depending an the percentaze of .26 kg methanal

f kg A C [from solar adsorption cooling project from ANMnajah University |
This gives # maximum smount of methanol that can be absorbed by AC:
My et = (0.26) (3.89E)

= 1.013 kg of methanal.

The theoretical amount of water that could be freeze is caleulated by the following

equation;
Migeriary * Ah=sensible heat from water und ice + latent heat of waler
sensihle heat = (M * ATyaer ¥ Spivner ) 10 * AT ® S ) (3.14)

Mhster— M= M

Criwaee: = 4. 18 kl/kg.e”




cﬂlcu‘r: 2 lE' k]-’kg iy

At atmospheric pressure the temparature of freezing it ( - 0075 ¢”)

Cpumar — 4. 18 Kjlke

sensible heat = m{{ ATy *Spowae AT iesy ™ Eptizer ))
AT = 324-75)

Al cuer= 320075

AT .= [-0 0075-2]

AT= 18925 ¢7

Latent heat of water — M * Ah (3 15)

The value of enthalpy change (Ah) at atmospheric pressure can be given from P-h

diagram of water at given lempernture

o AT e e e —r

Fwai 1
EE b5

= -

figure 3.2 P-h diagram for water



Ahgn e = 143 KTk

Then:

Latent heat = My ™ Ah

Total amount of heat = m ((ATwae: * Cpewsan )+ (AT * Guica)) + miADL)
= m (AT wger * Cormmery ) + (A 50 * Caicer) +H{ARD)

Referring to the figure 3.2 al saturalion pressure of 2.5 knpa then hrso= 763 kidke and
g 2 5 P i MR,

oz, =1281 kj'kg. cp v = 4. 18k K, =30 %, t=27%,
Substinting (hese values to equation (3.14) we find that:
Mhpehmal © A= 0 ((ATwater * Corwaren ) + (AT5e * Cice) + (A ) (3.16)

%

(LOI3) (1281-76.3) = m * ((4.18 * (32-(-.0075)) 1 (2.15 * {-0.0075 - - 2) + (143)
L220.56 — 2R4m
Migzier ~ 4.3 ke,

Fhis is the maxioum expected amount of water can be freezed.

4
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Figure 3.3 P-h diagram for methanol
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Chapier Four
Experiment and Calculations
4.1 Introduction

In this ehapter the cocllicient of performance { COR) of the adsorption refrigeration

cycle must be caloulated,

4.1 Experiments and caleulations:

Un Sunday 3-01-2010, the project testing started again afler fixing all problems that
appeared in the project and the following values of irradiance was taken in order to

1 complete the calculations of the cvele 1o ger the COP of the cyele.

Table 4.1 the irradiarion in Sunday (3-071-20110)

| Time ~ Irradiance{W/m’)
, (OO0 am _ 820
10:30 am 870
17:00 arm 080
- 11:30 am 1100
12:00 nm 1300 Al

And the average value of that day was : 1014 Wim",
The amount of heat gained in the generator conid be cnlculated by :
O =G Cap
| Whers |
(3, : average value of irradiance (W/m"),
A, : Aperture area (),
C : concentration ratio.

o : Absarptance,

p i Retlectance.




A, =064 =06m.

A.=wld {Receiver area)
=3,14%0,089*0.96
= 0.26m".

C=As! As
=0.6/0.26. = 2.3

o= (LR3.

p=09.

So the value of O, will be:
Qi = 1014%0.6%2.3%0.85*0.9.

=1070.48 W.
And the value of Quaporner depends on the mass of the water and the temperalure
difference between lemperatures of water.
My, =pe V.
D = 1000 kg/m’ . (density of water)
V = volume of warer used = 1,125 liker.
S0 miw = 1000*1,125* 107

=1.125 ke

Qussnpetar=m Cp AT,
C; = specific heat of water = 4.18 kj'kg.

So:
Q:vnp.;uﬂq-_-_]_ 125%4.1 -H-"'i:] 7- Iﬂ']
~33W,

And then the valus of the cocfficient of performance COP will be calculated by |
COP = Quapoenite £ Qin

= 33/1070.48.

= 0.0308,




Table 4.2 the irradiation in Monday (4-01-2010)

Time Irradiance{W/m")
[ 0003 & s00
10:30 g ' 900
| 100 am 1H27
11:50 am 1133
12:00 pm 1230

And the average value of irradiance of that day was : 1022 Wim’.
i = GeAaCop,

= [ OZZMLGY2L3M:E5%09,

= 1079 W,
And
Quraporaee = 1 125%4, 1 8*(17-9)

=a37.62 W,
COP=37.62/1079,
=1L033,

Table 4.5 the tradiation in Tuesday (5-01-2010)

Time Irrudinnce(W/m®)
=3 10:00 am 750
10:30 am i B12
11:00-am 931
11:30 am 1017
12:00 pm 1146

And the sveraps value of'irradiance for that day was 530 W/m®

O = GnACap.
=050 0 G2 DRS00,
=981.8 W,




And

Qevaporaior = 1.125%4,18%{18-10)
=37.62 W.
COP =37.62 /981 8.
= 0383,
Table 4.4 the iradiation in Wednesday (6-01-2010)
Time [ Irradiance(W/m’)
1 10:00 am - 1100
10:30am [ s el
i 1100 am B 1403 — .
11:30 am 1612
12:00 pm 1773

And the average value of irradiance for that day was 1420 W/m”,

Ci=0:4,Cap.
= 1420%0.6*2.3*0.85°0.9.
= 1421 W.

And

Quvaporatar = 1.125%4,18%(18-T)

m
COP =31.72/ 1421
= (.0364
Tahle 4.5 the irradiation in Saturday (9-01-2010)
Time Irradiance(W/m*)

1 0:00 am 950
10:30 am | i,
100 am 1303
11:30 am 1421
12:00 pm 1541

And the average valoe of irradiance for that day was1270.4 Wim®
e = G Cnpe
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= 12704706 2.3*0.85340. 9.

= 1341 W,
And
Qvaperaor = 1.125%4,18%(20-8)
= 5643 W.
COP =35643/ 1341
=10.0420
l'able 4.6 the itradiation in Sunday (10-01-2010)
Time Irradiance(W/m’)
L0:00 am s
1030 aumn 1102
| L1200 am 1293 ]
11:30 am 1380
12:00 pm e

And the average value of irradiance for that day was1252 Wim®.

(o = GrAaCap.
= 125270.6*2.53%0.85*09,
=1371.TW.
And
Quurpoar = 1.125%4.18%(1 8-8)
= 47 W.
COP =47/ 1321
= 00333
Table 4.7 the irradiation in Monday (1 1-01-2010)
I Time Trradiance(W/m’) _i
10:00 am 1200 |
10:30 am 1310 =
11:00 am 1403
11:30 am 1617
12:00 pm 1802

And the average value of irradiance forthat day was 1484.4 Wim®,

3l
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Qi = GpA.Cop.
= 1484 4*0.6%2.3*0. 85509,
= 1567 W.
And
Qevapntzior = 1 125%4,18%(18-6)
=56.43 W,
COP =56.431 1567
= (L0360

Takle 4.8 Dats tahle

Day & Date | Irradianee AT Qe Eioscrmsion CoOp
(average valueYWim® | (°C) (Wi (W)

Sunday 3/1/10 1014 7 1070.48 33 0.0308

| Monday 4/1/10 1022 8 1079 37,62 0.035
Tuesday 5/1/10 930 ] 081.8 762 0.0383
| Wednesday 6/1/10 1420 9 142] | s172 | 0.0364
saturday 91 /10 12704 12 1341 | 56.43 | 0.042
Sunday 10/1/10 1252 10 1321.7 a7 | 0aEss
Monday | 1/1/10 14%4.4 12 1567 56.13 0.036

Su the average value of the COP equals o — 0013628
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Chapter Five

Conclusions and Recommendations

5.1 Introduction:

In this chapter all conelusions concluded from experiments and recommendations to

improve the praject and get better results than these reached in this project.

5.2 Conclusions:

From the experiments and data that have been reached in this project one can conclude

that:
1. The COP value is low because the trough isn’t tracking one so the radiations of
the sun aren’t vertical all the day and so the factors that allect the value 01 Qe
will be less than that for the vertical and the amount of radiations will ke saml|.

£

Because the asmount of the methanol isn’t too large since the pressure that is 1o be
reached is small and not want to have large pressures and not all of this amount is
desorbed so the refrigerating effect will be low and then the amount of ice will be

small,
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L

When doing the vacuum process to have low pressure some of the methanol

ameount that make ice hiard Lo be produced.

4. The pressure wasn't equal all the intervals of the project so the theorerical amount
of ice wasn't reached because the methanol amount will not be adsorbed or

desorbed so there is a problem in make the pressure constant all the time.

3. Notall amount ol methanol will be adsorbed by the aetivated carbon or desorbad
from the aclivaled carban which depends on the temperature of the day and the
irradiance of that day.

5.3Recommendations:

Recommendation are recommended 1o be done when anyone want to redesign or

rebuild the project and need to have hetter properties and more effective project

1. Covering the parabalic trough with glass that prevents air cooling the penerator

and lowering it temperature.

P

Evaporator can be designed in another and betler way like a netwaork of pipes Lo

increase the heat transfer with the surrounding.
3. Another pairs can be used instead of imethanal + activated carbon);

P Activated carbon + ammania

-

Active carbon + R22

»  Silica gel + waler

-

Silica gel + sulpher dioxide

-

Amimonia + caléium chloride,

a5



4. Tracking parabolic trough can be used to have more sun rays.

3. Covering the generator with evacuated glass tube to increase the arca of the

ECNETAI0T.
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Appendin A

I"-h Diagram Of Methanol
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Appendix B

P-v diagram of methanel
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Appendix C

h-s diagram of methanaol

0L

08

S owsage
...... Exdd 0014
i

[DM-Brr¥] s
0g OF

&

—l. —

[ouBLI8

— et e

(IR

0¢

Ol

00¢

100¥%

1008

1008

0001

10021

00F}

100861

0081

[By/r¥] u

40




Appendix D
h-T diagram of methanaol
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Appendix E

T-s diagram of methanol
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Appendix F
T-v diagram of methanol
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Appendix F
P-h diagram for water
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