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Field heat= Mass of Oranges x specific heat x temp. di’rfergnce
Cooling hours

_ 1000 x 0.9 x (30 - 5)
6

= 3750 kcal/hr

Heat of respiration of orange = 1 x l

= 16.7 kcal/hr

:UJ'L:.LaSLHLH_x‘;.S.HA.:LiL}ﬂSJb;.“L_A.AS

A (t, - t)
Heat leakage (Q)=
1 X, Xz 1
—_— e+ =+
h, k, k, h,
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te Cold Air
\ Side
External n
Air he 1

= —— = Heat flow

Walls area of refrigeration room = 2 x 3 x 4 = 24 m2

Ceiling and floor areas of room = 3 x 3 x2 = 18 m?

2

LSS BT el e S

Total surface area = 24 + 18 = 42 m

Q - (42) (30 - 5)
1 10 7.5 1
+ + +
2.5 (100)(0.1) (100)(0.25) 1.5
(42) (25)
0.4+1+03+ 0867
Q = 443 kcal./hr.

Total heat to be absorbed per hour during cold storage
= Field heat + Heal of respiration + Heat leakage
= 3750 + 16.7 + 443
= 4209.7  kcal/hr
Refrigeration Capacity
Total Heat Absorbed x Hours/day
Heat in Ton Refrigeration_
Correction should be made for reserves
_ (4209.7) (1.2)(24)
) (80000)

. Refrigeration Capacity = 1.615 Ton
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Jll
Field heat = 2000 X 0.95x (35 - 10} _ 9000 kealhr
Heat ot respiration = 2 xziiog = 208.33 kcal/hr
HQ) swaladl 3, ,all Liak
sl e fun Ty cilsay phassd e N
a - A, 1))
X X X
1_ + i + _i +_3 + 1_
h 1 k 1 k 2 k 3 h 2

Area of walls of retrigeration room = 5 x 3 x2 + 6 x 3 x 2

=30 + 36 = 66 m°
Area of ceiling and floor of refrigeration room = 5 x6 x 2

- 60 m2

Total surface area = 66 + 60 = 126 m

(126) (35 - 10}

Q = .
1 25 2.5 7.5 1
LI — + : 4 +
2.5 (100)(0.18) (100)(0.55) (100)(0.10) 1.5
5 o (126) (25)
0.4 + 1.39 + 0.045 + 0.75 + 0.67
- (126) (25)
3.255
Q = 867.7 kcal/hr.
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2nl (t, - t)

1 in v /r inr./r
+ 2 ‘+ 3 2++1

b,y k', k, PP

(2) (3.14) (30) (35 - 10)
100X2 _ In 85/7.5 In 23585 _ 100 X2
(5.25) (7.5) 12.5 0.01 (1.5) (23.5)

(2) (3.14) (30) (25) _ 4710
508 + 001 + 101.7 + B5.67 112.46
41.88 kcal/br.

o
]

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

. Refrigeration Capacity = e (o)) =3.83 Ton

(80000)
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Cooling or

]

Qg

Q

Heat Absorbed

dsanidly a sl

Refrigeration Capacity

hl = h4
400 - 134
266 kecal/kg.

DKL eaydddl 3,0 pall LS

in Condenser

Qy = h, - hg
= 445 - 134
Qg = 311 kcal/kg.
DA L1l Jalaa
Coefticient of Performance
COP. - __Refrig. Capacity
Work done in Compn.
i h,-h,
h,-h,
- 400 - 134
445 - 400
- 266
45
COP. = 5.91
Pagpsdl pmle Gl Jons
Refrigeration load = Rale of flow refrigerant

(12) x {80,000)

x Refrigeration Capacity

(24)

= Refrigerant Rate x (266)

—TAT -
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- {12) (80,000)
(24) (266)

150.38 kg./hr.
2.51 kg./min.

Refrigerant Rate

I

chaalall Ul Gkl 5 adll

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.

Clilall S lpda by sk alayy

-

s S/ S i 0,425 Gl 53S0 (V) dadnd! sie LV Bl Uail g

Refrigerant Rate (by weight)

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

Sp. Vol.
Cyl. Vol. = (2:51) (0425) _ 4 640593 m3
2 x 900 x 1
cyl. vol. = 2 p2L
4
0.000593= % D? (1.2 D)
o (0.000593) (100°%) (4)

(1.2) (=)
629.51

—TNE -
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~ D = 8.57 cms.
& L = (1.2 x 8.57)
L = 10.28 cms.

:;_L‘;Sllu.i.\i_,_‘n:dl .l__LAL_LaJ_u- Janas Jl_'.l—-ly =)

Heat absorbed by cooling water
= Heat lost from refrigerant

(Refrigerent Rate) (h, - h,)

= Cooling water rate x Cp, ht. x At
(2.51) (445 - 134) = (Cooling water rate ) (1) ()
_ (2.51) (311)

(5)
= 156.12 kg./min.

. Cooling water rate

(&)Y Jlia
Q:JSJ ..L_l)—l:l-“ C_'tLA rl.x_-;.....l o (") .JL'LA U'. L‘__n.Lt ua_,.a-a.n.“ Jidl J.-; EJLL!
. ;aliyall 3L e ¥y Reclin 13da — (3)\Ye

Jall

U 1AV QS 5 comladl oy Sall plaiily (V) JUa [S,,8 I 6, L8)
el Ld Y el ¥l ctibad! e

h, = 391  kJ/kg =4Lf;§ -93.36 kcal/kg
h, - 419 kJ/kg =100 kcal/kg
hy = 242 kd/kg =57.78  kcal/kg
h, = 242 kJ/kg = 57.78 kcal/kg

-T\o —



COP.

COP

Refrigerant Rate =

PPIRSV IFRVPCA T SRV B U

h1 - h4
93.36 - 57.78
35.58 kcallkg

h2 - h3
100 - 57.78
42.22 kcal/kg

93.36 - 57.78

100 - 93.36
35.58

. = ——— =536

6.64

(12) (80,

:n_L‘ASllu,j

sagdil! 3,05all s -0

Cadil sl Jalas -t

sl Sl Gy Jana -2

000)

(24) (35.58)

hilal w3l okl s,uill —a

= 1124.23 kg/hr
= 18.74 kg/min.
Thearetical Hp = el 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)

T -
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- Cyl. Vol. - 087401 55104 m®
2 x 900 x 1
- "Tpz
4
- Mp22p)
4
D° = 1104.03
D = 1031 cm
L = 1237 cm

AU i aui) el Gl Jass <)

A e Gl Gk Jany
(18.74)(93.36 - 57.78) = (Cooling water rate)(1)(5)
(09,72 S9B3)
(5)
= 133.35 kg/min.

. Cooling water rate =

il 55l s Al Gkl dylall olays b aSasdl
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Freezing uaasill
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ol 1 Specific heat at constant temperature "Cp " ol
AH = Cp AT (12-2)

Entropy Loy 00 e aaale yay GUaTT 5 5 pead e caaady 3l

. Aq ]
as =t (12-3)

bl 3, el e La T o doliad! Gl sl Gledl eS8 AQ &aua

e g BEquilibrium o1 6501 e Ula e Joas 55 Gy 5alt aablasdh wiaiall
- ¥ dobdl i yasy Free Energy s all Gladl ausle

G=H-TS (12-4)

Lol b bl b, all Lo ya ey Juolany 3l Ll U] o il i g
UJ!QJLMQUBJIPEAJJMMIIMUJS:JJ ey

AG= AH - T AS (12-5)

Phase Change s.Ul ;b 3 s Soas aeYlpotias olilae e 5208 by
se—as¥ly Freezing oaaaslly Evaporation o nli olilae 3 d 8 LS
byl o o dig,h caal olls 30y Sublimation .Luslly Thawing sl
U Jhe d sale loae¥! i aai ol Wi yudy Thermodynamic  Potential
P | BV RN | RPN L
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= Lzle Lagoal
Clausius- Clapeyron Equation:
dp A
— = — (12-6)
' tav

POk Sl paal Gl

dinp) __ *
dT RT?

(12-7)
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Freezing Point Depresslion et Uads aldas)
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P,=X,P? . (12-8)
Pl
A GaSall uhadl gl iall = Py
aoloall o puds aie A L Skl g Gl kil = PR

cslall 3 A G ySall JhSadl e
mol Fraction of Component A in Solution

Xa

s polias] badon Gl Golas Jdlans apaas edlabaa b Joladdl soe
el e Ul and Wi e JaT (gats J) diliae llie G oaas 3 WU e
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(AL Sl i L) 30 LS Il Sl
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aT , RTi
(Uso/Jsae ) Hlpmasitd CalSIl 3, 05a00 = A
Jolalt i otall sl &Il = X,
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) RT, W, m
1000 L

AT (12-10)

Ttaaa

Gl oo (AU A L Oladl saas iy = Ty,

A GaSall Lasall o540l = Wy
(p2S/dsa ) Hleadl) Gl 3, ,all = L
.MO'allty 'Ta._A.Lar_\SJﬁuLLA <Y g Yl = m

Freezing of Food Products Al clasall saaes
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Solid  lalt jyhdl A Jyasllas Le B3l Hlpasi Gl walhdl jalas ol
cAL s ! D L el Waldl e paddas ol jall Gys ol Phase

Temperature

Water
Freezing Pt.

Pure Water

Solution
Freezing PI1.. Solution

P

Eutetic Point

Time
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AH =AH _+AH ;+ AH + AH| (12-11)

LIS

PO R IR AH

Cloall lglt fa 30 3,0, LaS = AHg

sana il SUL e UG o l,allias = AH

(sleas¥ ) waasll GalSIh o )l pall Lasns JESYI 6 sl = AH,
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AH =MCp. (T -T)+MCp. (T, -T) (12-12)
MRS CUNRRIRIIC S M

OShl gl aae pudl o ,l5a)l = Cp
(beasdl Ld) atlaadl o, lall a0 = Ty
daaaslld,ada e = Tp

(fasasll way) Ha3aldl s )l ada 0 = T

i

Do Glaa GSauh Cl&U Gl pall 2oty B b uasd] Ll

AH = ML (12-13)
daall Ul Ui = M
.La._;.'xU(.'ulSJlE‘ﬂ);H = L
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Freezing point depression of solution
Universal gas constant

8.314
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333.22

79.9

18 x 333.22

18x 799

Molecular weight of sodium chloride
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L = (333.22) (0.745) = 248.25 kJ/kg.
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@ —Y 1y (1.108 Y
m? K m K
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1 Watt = 1 Joule
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286.5 kl/kg
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= (1.0297) [(2957.96) (0.0073)

1

=216 hrs.
Difference = 216 -187
=29 hrs

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