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Field heat= Mass ot Oranges x specific heat x temp. dlh‘ergnce
Cooling hours

_ 1000 x 0.8 x (30 - 5} _ 4.5 kcal/hr

6
_— 400
Heat of respiration of orange = 1 x el 16.7 kcalthr
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Heat leakage (Q)= e - 1))
1 X1 x2 1
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h 3 k 1 k 2 h 2
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to Cold Air
Side
External n
Air h2 1

—————

Heat flow

wood Cork

Walls area of reirigeration room = 2 x 3 x 4 = 24 m?
Ceiling and floor areas of room = 3 x 3 x2 = 18 m?
Total surface area = 24 + 18 = 42 m?

a - (42) (30 - 5)
1, 10 f 7.5 K
2.5  (100)(0.1) (100)(0.25) 1.5
(42) (25)
04+1+03+067
Q = 443 kcal./hr.

‘Total heat to be absorbed per hour during cold storage

= Field heat + Heat of respiration + Heat leakage
= 3750 + 16.7 + 443
= 4209.7 Kkcal/hr

Refrigeration Capacity

Total Heat Absorbed x Hours/day
Heat in Ton Refrigeration

Correction should be made for reserves

. Refrigeration Capacity = (4209.7) (1.2)(24) _ 1.515

(80000)

Ton
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2000 x 0.9 x (35 - 10)

Field heat = 5 = 9000 kcal/hr
Heat of respiration = _2_%@_ = 208.33  kcal/hr
{Q) sdaladl 5t all Las
0 - Af,-t)
X X X
BLEAT WA ST T B
h, k, k, k, h,

Area of walls of refrigeration room = 5 X3 x2 + 6 x 3 x 2
=30 + 36 = 66 m°
Area of ceiling and floor of refrigeration room = 5 x 8 x 2

= 60 m2

Total surface area = 66 + 60 = 126 m

a = (126) (35 - 10)
1 25 2.5 7.5 1
— 4 — + + —+
2.5 (100)(0.18) (100)(0.55) (100)(0.10) 1.5

Q - (126) (25)
0.4 + 1.39 + 0.045 + 0.75 + 0.67

g = (126) (25
3.255
Q = 967.7 kcai/hr.
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st Gye J) alll Jylall Jaoyi jomul s e =Y
el bl e 1y ll (g yhaill JEDYG <aldll dulall paasis

2nl (t, - t)
@ = In r_/ In r_/
nr./r nr./r .
1 -+ 2 ! + 3 2 + + 1
h ‘lr 1 k 1 k 2 h Zr 2
Y {2) (3.14) (30) (35 - 10}
100 X 2 . In 8.5/7.5 . In 23.5/8.5 . 100 X 2
(5.25) (7.5) 12.5 0.01 (1.5) (23.5)
- (2) (3.14) (30) (25) _ 4710
508 + 0.01 + 101.7 + 5.67 112.46
Q = 41.88 kecal/hr.
o daa
r,= 12— = 3.75 cm
r =7_'5_ +05=425 cm
2
L= L 05+75
2
=11.75 cm

‘Total heat to be absorbed per hour

Field heat + Heat of respiration + Heat leakage
9000 + 208.33 + (967.7 + 41.88)
10217.91  kcal/hr

_ (10217.91) (1.25)(24)

. Refrigeration Capacit
y (80000)

=3.83 Ton

23 aLl 3, el Laa€ g Lis 1 et LS w sl Jas i 5alu 31 1 ksl
S Sk OIS Gt g all S TeaS BT e Jan lae it Tz ]
—TAN -



P Ly SRRUSA L SEEY SN

) Ji.

L—}J.\_’J—_J_,._'L:l"_yjn\YbJJHHJMJ@@’w,J‘HUHHLQ%
il all LS 15« s, ndl he a7V 0 p77 L cnlS Ly Cas 5,0 s
plas !t OGSy ads/aid AL e Hyaay sl o b Sl pan) pd paa Sl
Copa¥ oy pudindb ol le SISy« a0 AU b o il alia 350 300
o {ala )

ol daa gy, -

CRASLT b eusdid 3 all LS~

QM T Jela -

Gasall b e s all e Bl Juaa <

ol Glaadl o jude helall 4o pllall s jsdll —a
VoY= Shill el Jed e IS 10 e lall Chglandl sl -
Lt IO RUCT] Y N UMY PO

sl

beball Jiss 5 bl e Loga¥U ealddl dh pall e uo puddl 35 00 a5

Loy oYl aia iy ol d ) pa g jo ate 5L it sdl iatis a o

AN B e s ahe (2) Alall ] Jean e (1) Taiid] ola wie e S

oada iy b s JOLl 555 (3 ) Ul ) e S o o nl) alile ilS5G
D U] e 38 LaS Al ks aie (4 ) dlall 1 Joay e daiea

2

Pressure Kg'cm

4090 445

Enthalpy Keal/kg
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Cooling or

1l

Q

Q.

Heat Absorbed

Aol aall

Refrigeration Capacity

hy - h,
400 - 134
266 keal/kg.

DRSS sapdhdl sl pall LS

in Condenser

" = h, - by
= 445 - 134
Q = 311 kcal/kg.
: (:.L)l:IJI llJ’ J.ALI..A
Coefficient of Performance
COP. _ Refrig. Capacity
Work done in Compn.
h1 -h4
) h 2 h 1
- 400 - 134
445 - 400
_ 2868
45
C.OP, = 5.91
Capgn il il oLy Juns
Refrigeration load = Rale of flow refrigerant

(12) x_{80,000)

(24)

x Refrigeration Capacity

= Refrigerant Rate x (266)
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Refrigerant Rate = (12) (80,000)

(24) (266)
- 150.38  kg./hr.
= 25 kg./min.

chadlaall Ul G Lol G ,udll -

Theoretical HP. for the Compressor
Ref. Rate x Work done (ht. units)

Standard HP.
(2.51) (445 - 400) (427)
75 x 60
10.71 HP.

Ciladl e lad Jyby sk slad -y

sl e ya e 56U e gill paall 4 sae o by Glphdd! pan sa g
s S/ 550 0,425 Gpbee 5550 (V) dhiid! sie Lty abls Tal

Refrigerant Rate (by weight)

Cyl. Vol. x No. of Cyl. x RPM x No. of effects

Sp. Vol.
Cyl. Vol. = 1251} (0.425) _ 4 555593 1m3
2 x 900 x 1
Cyl. vol. = 2 p2L
4
0.000593= % D? (1.2 D)
B (0.000593) (100 %) (4)

(1.2) ()
629.51
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. D = 8.57 cms.
L = 10.28 cms.

Heat absorbed by cooling water
= Heat lost from refrigerant

(Refrigerent Rate} (h, - hy)
= Cooling water rate x Cp. ht. x At
(2.51) (445 - 134) = {Cooling water rate ) {1} (5)
- 251) @1)
(5)
= 156.12 kg./min.

. Cooling water rate

q{E) JUa
oedS ) wpndl il plaaiad o (F) JUe i Yole Gopeartl diadl Ja ale
o oaldipsll jEe ope Yy Reclin 1342 — (1)\VE

Jall

P sl LY Gl ¥l et e

h, = 391  kJ/kg =4if3% -93.36  kcal/kg
h2 = 419 kd/kg =100 kcal/kg
hy = 242 kJ/kg =57.78  kcal/kg
h, = 242 kJ/kg = 57.78 kcal/kg

=-The —
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QG = hy - hy
= 93.36 - 57.78
Q. = 35.58 kcal/kg

Qy = hy - hg
= 100 - 57.78
Q, = 42.22 kcalikg

h.-h
cop = ' 4
h,-h,
_ 93.36 - 57.78
100 - 93.36
cop. = 3558 _ o ag
6.64
(12) (80,

Refrigerant Rate =

L AAKU b aagdill 3,0nall LS -0

il sl Jalaa

il il Gl Jana

000)

(24) (35.58)

1124.23
18.74

Theoretical H.P

kg/hr
kg/min.

hilall oyl kel

Ref. Rate x Work Done (ht. Units)

Standard HP.

(18.74)(h ,-h ,)(427)

(75)(60)
(18.74)(100 - 93.36)(427)

11.81 HP

(75)(60)
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(18.74)(0.1) 3

= Cyl. Val. = = .00104 m
2 x 900 x 1

Mpe
4

Mo (120
4

D® = 1104.03
D = 10.31 cm
L = 1237 cm

AL b s St el L Jase -

U el all 1l Jany
(18.74)(93.36 - 57.78) = (Cooling water rate)(1)(5)
_ (18.74)(35.58)
i (5)
133.35 kg/min.

Cooling water rate
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ol ! Specific heat at constant temperature "Cp " =l
AH = Cp AT (12-2)
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Entropy Loy, h e jaale pay Gladl 6 ) pead e aaats 3ald

- Aq .
a8 = = (12-3)
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AG= AH - T AS (12-5)
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mol Fraction of Component A in Solution
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Freezing of Food Products  «Jliadl clasadl saaes

daaldo Ljpline luadas HA81 5$0 Qbbiad| cilbeaad! b Claid) seaasll Glae

he saian Jylas g i ele suaad Sate o Gl (Y-VY) IS, L AUl

aia i B yall e LaS LT LS anll cUl ULa o G Badkany « saly olia

S 8o pmadl U 5) Glae wpaial Lo taly saasdl Uais d) Jyeagdl 5o ol 3,054 La 0

ey (plh) tana sbe Al syt 35U sl e adadl Jgad e 550 Ui ol plasd]

Solid o lealt jyhll At Jyanddl o3 Lo 13l Hlyasiy) CoalSIl k] jalaad ol
LA W ! 3 Lans saanll Thads e adait sl pall e s ol Phase
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Freezing point depression of solution
Universal gas constant

8.314

1.99

Absolute temperature of solvent
Molecular weight of solute (H,0)= 18
Molaity

333.22

79.9

18 x 333.22

18x 799

Molecular weight of sodium chloride

RT3, W,.

can¥l dotdl plaasil GIKYYG

m

kl/kg.mol K
kcal/kg.mol K
K
kg./mol
mol solute/kg.solvent
kl/kg.
kcal/kg.
kJ/mol
kcal/mol
= 59
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M 5 (Per 1000g Solvent)

W p (molecular wt. of NaCl)

100
m= ﬁ = 1.695

AT ( K)=

pasoseall i) lS Lilia¥ Tpnas Jplall sasd Unis Lalinsl Uslas 3 pausasiilg

8314kJ (273K)?%. 18kg 1.695mol 1 mol

molK ~ 1000 mol

I '~ kg (333.22x18) K
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_ (8314) (273) (1.695)

ATE
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=3.15 K
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AT, (K)= 1.99 kcal (273K)?. 18kg 1.695 mol 1 mol
F T molK ° 1000 mol = kg  (79.9x18) kcal

_ (1.99) (273) 2(1.695)
(1000) (79.9)
=3.15K

~Te=-315 °C
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Fraction Solute = _ il ,..8

0.15 + (0.545)(0.12)

0.15 + 0.0654

0.2154 gfg.product
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0.2154 .
063 - 0.342 g.Solute/g.Solvent (_.i.)
= 342 g.Solute/1000g.Solvent ,i
Mg (per 1000 g.Solvent)
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W, (molecular wt.of Sucrose)
wm o= 342
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T, =5 °C

b (O ranll) Tl 51 pall da e eilS,
T = -10 °c

AH = Mc

p AT
iUy Usase puidl alally o S Glall 3ol G I3l pall LaS e JSU

:L.J.I‘:—"',".‘J

T (aaadl <UD
D U A gl ] CualSI 51 all S el

Ho= ML

ot LS geeaill s lial Glaa olshi o 5Gh

Cleall 3ol WS
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Mg = 209 kg
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A Hg = (209)(1.5) (5 + 10)
. AHg = 47025 kJ.

AHy = (118.65)(4.1) (5 + 10)
. AHy = 7297 KJ.

(L) amall Ul a I Lo gunadl 3 )1 yall LaaS

A H, = (672.35)(1.9) (0 + 10)
. AH = 12774.65 KJ.

GalSHl 5,1 all Lag

H,_ = (672.35)(333.22)
M = 22040.46 kJ.

4702.5 + 7297 + 12774.65 + 224040.46
248814.61 kJ

AH =
S AH
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L = (333.22) (0.745) = 248.25 kJ/kg.

(1050 K9} (248.25 X4y (1000 L)
. e kg kJ
S F =

(-1.75 - (-30 °C))(3soos:°'
r.

X

(0.3)(0.25) , (0.085) (0.25)°

@ —¥ y  (1.108 N
m? K m K
‘ 3 3
.8 =|25631 I A" lo.oozs m K, 0.0048 T K)
m 3 OC W

0 =18.7 hrs,
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AH=C (T -TJ+L+C (T -T

= (3.1) (5 + 1.75) + (2.1) (-1.75 + 10)
= 20.925 + 248.25 + 17.325
= 286.5 kJ/kg

pAH pa , Ra ?

T-T, h  k

56 ¢=[1+0.0044 (T, +T )

{1+ 0.0044 (5 + 1.75)] (1050)(286.5) (1000) X[ (0.3)(0.25) (0.085)(0.25)]
(-1.75 + 30) (3600) 30 1.108
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6= (1.0297) [(2957.96) (0.0073)
216 hrs.

216 - 187
29 hrs

i.e about 15.5% higher than the time calculated based on Plank's
Equation.
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