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Abstract

At the Khartoum Refinery the Lithium Bromide-Water (LiBr-H20) sorption cycle is used for
refrigeration and air conditioning processes to feed the buildings near the plant. The goal of
this project is the possibility of adding the solar energy system to the cooling cycle system to
reduce costs when using the cycle with biofuels by identifying the use of solar cooling through
absorption cooling cycles, and making a mathematical model to measure the performance of
the system when using solar energy as a heat source. In order to reach those goals, we
searched all university libraries, references and field visits to the Khartoum Refinery to receive
a sufficient amount of scientific and applied knowledge from professional hands in this field.

It has become clear that solar energy can be partially utilized in the process of operating the
absorption cooling system at the Khartoum refinery, which will reduce the total operating cost
by about 50%.
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12 [7] 894l Balad (alidal (55l ad) (Sgiaall 3-3
(LiBr — H20) Jslsall 3,90 1-3-3
hi=h (Ta, X1); h1 =h;
T3=T (Pc, X1); h3=h(Ts, Xy)
T4=T (Pc1, X1); ha=h(T4, X1)
hs =h (Te1, Xs)
Te=T (Pc, Xs); hg = h;
hg =h (Te2, Xs)
To=T (Pe, Xg); hg =h(Tg, Xs)
H20 il adla 3550 2-3-3

he = hio

(super-heated) (caesall Jlad)l Joas aladialy) S Jeas (e

hii =h (Psr, Ter); hio = i@ Tas
hiz =h1o; h1a = hf @ Teo
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his = hi @ T¢; his=hss

hiz = hg @ Te
(Mass flow rate) A g8l Jaa 4-3

palll b (slally i2) Chanaall Jlaall 155 G

F=mi=my=mz=my
1_Xa . 1_XH20
XT _Xa XHzO _XH20

sl Jalaa s £
el Caaniag (LIBP) 1db (g6l Jolaall o daas
F-1=m,; = mg = mg
:(Enthalpy balance G,) Gl asall & (gl (sinall )l
myq1hyqy + myh, = myghyy + myzhy, + mghg
:(mass balance 0fG,) (Gl Asall b ALY o)

My, =My, =my3 =1-—my,
my, =1-—my,

m; =my, + (F—1)
palag) oS el iV aeall Jag Giasanlly
Mmyq, M7, My

Sal JuE 5-3
Qa = mghyy +mysh;s — myhy ol

Qg1 = Mshs +my hy; — myhy Js¥) alal)
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Qgp = myy (hy; = hyp) Ul algall
Qc = my3hy3 +myzhiy — myshys S
Qe = hy7 = hys Al
:Coefficient of Performance (COP) ¢ Jalas 6-3
b A3l elgw Joduall Jatlly Gadalls ol 3,8l elow Lgia sl Bhall c dawil) 58
celsgl) s alas f A3
sl Callss (mlads) Ao elly Ja el Jalas ol L (S

COP:&

Qg,

19



.‘_m .__m

j: &\®s>‘ﬁtm\

NN

Hz0-LiBrs Sohutiy

20 0 40 50
Lithivem Bromide Concentration, Mass Per cent ———
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Appendix C-8: Inp-1/T Diagram for HpO-LiBrp Solutions

LiBr-H,0 Jslaal 3l — b (2-3) bl
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L 1-4

Saagp padiad Ally Al A dralaial) sl o ) slian 2yl ddase (s
O Hle Lgie (il Sl A6 Zodan) aadind 2,8 il B (e ddaaal) (585 LiBr-Hy0 5l
- Golska A LAYy sk daul

Ldas Al Sl maagy 2-4 ISl sl sleas 2)yil) ddasd 8)9em uagy 1-4 J<A

Jdaaall

‘:A.'\;J\ 5\.5.444.4 J:D.\'.'\S\ ddasa (1_4) J<al)

22



ianall g ) sbaall (2-4) ISl

daxiicuall 2yl ila 2-4
)i 23S H2O slall 5 duale 50S LIBr agfilll aiagy podied  Liall slaas 2yall (Al
-3l 368y aadiad Al AR (e i (A LA aadia
5ysall Jil alsall & gal) dilaY DAY (e (sal) a3 padias
(3-4) J<all & mase WS (1241 KW)lgia sy IS dae 2D Laadioal) (Sl 2ae

(4-4) J<ab
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- shall sleas (Chillers) wyall (81 (3-4) J<al

Chiller) syall LSl apecss dag) (4-4) (<2
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Laghiall adal) o813-4
Cras Sl L) 8 ool w3 (g 8l Al dpalaial) 850l b))z gail) aladialy
(174) Jsaall b daasally alae ol aUaill e 32T 5 ) el Al

alac o) Jansgll alaill e s3galal) clehdll (1-4) Jsaal

100 kPa Bl da )0 adige Agall b
100°C Bhall (atiie Asall Hla da )y
10.2°C - 7.5°C Bayal) obaall gy Jsda Blys daa
28.3°C - 29.8°C 2yl sl Byl Ay
145°C phall days adiye Asall Hha day
40°C CESal) By dnp
10°C DAl B Ay

o dsanll &5 (1-4) dsaall 3 daasall ysall lisSe Ciidd adall ehY) el alasialsg
2 Bhall days Allal Wy Hlad) Jglas aladiuly llyg (2-4) sand) & measall 3y50l] sl o))
LiBr-HyO Jglaal 5850 — i) (2-3) Jadadal) aladiulsg ddass JS agacall e Jguaal)

- Y 2a g LiBr-Ho0 Jstas cilpric (1-3) abiall Gyl e o cag ¢ Sl alag) 2
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daghaiall adall olaY) z3t (2-4) Jsos

state T (°C) P (kPa) | h(kJkg) | X% LiBr M (kg)
1 35 1.2281 77.4 52.5 4.88
2 35 1.2281 77.4 52.5 4.88
3 68 7.3851 146.5 52.5 4.88
4 137 100 210 52.5 4.88
5 145 100 3315.5 56.2 4.299
6 77.3 7.3851 170.5 56.2 4.299
7 77.3 7.3581 170.5 56.2 4.299
8 100 7.3851 250 66 3.88
9 61 1.2281 165 66 3.88
10 61 1.2281 165 66 3.88
11 145 100 2766.351 0 0.580
12 100 100 419 0 0.580
13 100 7.3851 419 0 0.580
14 100 7.3851 2675.6 0 0.4194
15 40 7.3851 167.53 0 1
16 40 1.2281 167.53 0 1
17 10 1.2281 2519.2 0 1
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:(COP) &I Jalaag ad) () 4-4
(Absorber) galall [1

Qa = mghyy + myshys — mh,

= 3.88 X 165 + 1 x 167.53 - 4.88 x 77.4
Q, = 430,018 KJ/kgr

(Generator Gi1) Jg¥! alsall [2

Qg = mshs + myhy — myhy

= 4.299 x 315.5 + 0.580 x 2766.351 - 4.88 x 210
Qa = 1936.01 KJ/kgr

(GeneratorGy) AUl algal) /3
Qgy = myy(hy; — hyy)
= 0.580(2766.35 — 419) = 1361.46 KJ/kgr
(Condenser) <ii<all /4

Q; = my3hy3 + myyhyy — myshys

= 0.580 X419 + 0.4194 X 2675.6- 1 X 167.53
Q. = 1197.63 KJ/kgr
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(Evaporator) il /5

QE = h17 - h15
= 2519.2 - 167.53 = 2351.67 KJ/kgr
159l ol Jalaa [6

Qr 235167

cop =% = =
Qs, 1936.01

1.214
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dasia 1-5
0 ) abaaial) ayall dashie o
bl Qe e s g 3,0l palaia¥) 5o0 Galdd) gall L1
Gged) &8l el giall L2
dashie (1-5) JS8ll maasy - osall On Siidia yuaie (HPG) el Jacall 53 Slad) S Siny

Salar Hy | Hotwater | & | Awsiliary

Collector "l storage | Heater
e
High Pressure Coolin
Generator (HPG) i
N r, x‘“‘ri .
ma 1 2 i bm
' '
Low Pressure 3 4
.., Generator (LPG) 't i] ‘ Condenser ]
LN r
S T 5
Milaz
m )6
me 7
| 17 Absorber Evaporator
16
T . ¥
:ﬂ]u: _”g.t.ﬁ' Qﬂl‘?
| Cooling Chilled Water
T Tower Storage
Refrigerant === Intermediale solution
————— Weak solution — - —- Stmng solution

W\ aa Ll M}Ja.m & b.m\.aala‘}“ J:\).lﬂ\ '5_)_5.3 (1-5) JSA

29



O B 4wy gl Akl el Z Y el masall Alaulsy dpsedl) A8kl aloaial oy
Wl Bl days (aas Leaxie ((HPG) bl licall 53 il age ) 4dia i caludl ol
Ghlaa) pladl dus & ,145°C Al dge Lgthd) slall days oo B ) Al
oS SJalls calul) el Hlad) Age 2550 8ylaaal ALY sluall 358 Dla,(Auxiliary Heater)
29a5all (Boiler) a2l sa aloal¥) Glad) cdasll o ool DA hainls 1,3l 5)50 Joads
Slead) Jals AT Galel 8 ardis 0yl deghie aia Sl
tofiashaie ) dpeedd) Z8Uall (alall gall s &3 cJulatil) Lbee sl

Ggeeadd) A8l dogliie ®

AL el daglaie =

duadd) d3Ual) dagliia Juai 2-5
Gl 138 b g lgil Bac aia jigT (sMlg dneadl) AL dasliia & Gai ) el cesedll panal) ey
((2-5) JSall muase 5o WS, (Evacuated Tube Collector) § el s 53 peaall ladl
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Hot water

} ouT

LY
Copper Manifold B ,-1
(Heat Exchanger) Heat =
transfer T A
Solar
Radiation
Cold Water Individual .
N Evacuated Tube . \
b 1 Absorber Plate
Heat Pipe ﬂy
-

Absorber Plate

a1 & e el pand) (2-5) J<a
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Aanlss Lgiany (S Al 038 haadl (g Bydliall ye g Sydliall Claghiall Lgia (agiia Shall (b

(5-1)

(5-2)

:[1] S (Qu) s2lieally LecSall 85 )ally ,(Mcol) add) panall BolS

Mot = (Fr N7ar) = (FR U T — T )/ G

Q= (7700I )(A)(G)

“e‘“’“‘j‘j‘ zeaal) BeliS Mol

s/m* gl GOl A T

m¥fs Aphall ey :

Bhall aan Jalew - Fg

W/m2K shall Jli) Jales = Uy

SC LA Bl Jsra gha daja s Ty
SO e @l zo o Bl dapn s T

k.J/m2 ,‘;M.‘.J\ g lad) 5o G
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M, adl) penall dalis s A

L Ls,i
| = ——
LS,i + I—a,i

(5-3)

TGITEN

owedd) d8lall HuS 2 f;

KJ 339 el dneedd) A8l ¢ L
K slaall daliay) dalall @ Ly,

g il aliaial el o Jpemnll 8 mlacdl dacily B cdlisnn Al ornaddl panal) ALe) oy
ol

SALL) slall daglata Judasi 3.5
OBAD 4l sl B Galil (3-5) <A b LS pndl panal 3 AL sl (13 pings
Lie) 3 (A sy phall dila] Jawe @l (alil ((4-5) J<A) 4 LS dilaal) dasesl
(4] VE gl (K el B3 d3h lall Aoy Atesarss

Ts new = Ts o1d +(4t/ MCp ) (Qy = Q) — Qross)

(5-4)
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Ta P [ B
Ty
Storage tank '
(Well-mixed
storage)
Tso Teo
« ' '

() Jalal) alil) cALa) sl (s (4-5) U<s

iphall sy il dais GHAN Y el manall e Jai5 (all) Lusadd] 28U
Qu =(MCp Tt o =Tt )=(MCp Tsi —Ts o)
(5-5)
SO LAY Bl Jeaa Bl dapa s Ty
CC LAY e ) g A Bl Anya i T,
.°C ,tn.anﬂ é\.d\ djéﬁ §)bé Z‘%)J :Tsi
G Lpaaall e Bl 25 A Blis dapa T
(VS bl e Ll ) a Jalas el olai Jaxa oy
Qloss = (UA)S (Ts,i _Ts,o)

(5-6)
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Sl Alge Jea Al 5352l 55 Al Jaea
Q =(MCp )Ty, —Tgo)
(5-7)
AL elally duadd) dBUal) dagliia Julad gilii 4-5
=5) JSal b Al Ul aaY Dawedd) 38N clilug (1-5) Jeandl G (@harial) clibd) aladsuly

(6-5) USally (2-5) Jsadl b il e Jseandl o5 Ailud) c¥sledls (5

o shiall e laY) @l e (1-5) s

Al il il il
2 (FR)(UD) 145°C Ty

0.73 (Fr)(t00) 145°C Teo

35 m? Ac 1422 kg/h g
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ool e sy laadly dally Geadl sl s (6-5) JSa
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Qaux (kW) Qg (kW) Qsol (kW) Time (HOUI‘)
13.272 13.272 | 13.272 13.272 0 1:00
13.272 13.272 | 13.272 13.272 0 200
13.272 12.047 | 13.272 13.272 '

13.272 13.272 0 3:00
41
5418 13.272 13.272 0 4-00
0.409 13.272 13.272 '
0 13.272 13.272 0 5:00
13.272 13.272 1295 6:00
0 13.272 13.272
0 13.272 13.272 7.854 7:00
13.27213.272 | 12863 17.644 8:00
0 13.272 13.272 23.458 26.276 9:00
0 27.027 25.365 '
0 22.428 17.718 10:00
0 9.223 11:00
4.045 3.271 12:00
10.001 13.272 0 13:00
13.272 13.272 0 14:00
13.272 13.272 0 15:00
13.272 13.272 '
0 16:00
0 17:00
0 18:00
0 19:00
20:00
21:00
22:00
23:00

24:00
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