PROBLEMS

1) Lean beef block (a slab) with dimensions of 1mx0.25mx0.6m is
being frozen. The following data are available: hc = 30W/m2.K,
Tiniti = 5°C, T, = - 30°C, density = 1050 kg/m°, Lv = 333.22 kJ/kg
water, moisture content = 74.5%, k; = 1.108 W/m.K, Tg = - 1.75°C.
Find the time required to freeze to - 10°C using Plank’s equation.

Solution:
L I 2%0‘2}
o (TF Too7 Az
0. b 1 A
0 fi= B2, frogmt an 0 Bedgh,
| _ 0.6 _ )
€% & F?_- o.15 L1
@ L\ L __&&ng N K: 0\0€§
2) 7477 LA P= 030
i =y — oa=201 (¥ e
ﬁ‘ év)l,] C_;\) %g C $\0\\6)
. kS
3 < %CGD — LLUBL ——
)—\F 133,27 ey 0,74 v g Uerl ¥y b%\‘
% ~1050 -———;r'ZL\‘% 25~/l0/Z VSx (0 2m) w 11\,
T [aas- el ez T

l,', | v ¢ Lodent haeat 9_( ~F\A$§W\
’EF — 16.%8 he parc unit wa4ss 9% Lood -




2) Lean beef block with dimensions of 1mx0.25mx0. 6m is being
frozen. The following data are avallable hc = 30W/m K, Tinitial =
5°C, T..= - 30°C, p, = 1050 kg/m®, p; = 955 kg/m>, Cpf = 2.5 kd/kg
beef.K, Cpu = 3.52 kJ/kg beef.K, Lv = 333.22 kJ/kgH,O, moisture
content = 74.5%, k, = 1.108 W/m.K, Tg = - 1.75°C. Find the time
required to freeze to - 15°C using Pham’s equation.
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3) A continuous plate freezing system is being designed to freeze
0.5 kg fish packages at a rate of 500 kg fish/h. Package dimensions
are 0.04x0.1x0.14 m. Each package enters the freezer at 4.4°C
initially. Width of each plate is 1.12 m and can hold 8 packages.
Plate temperature is — 23 °C, surface heat transfer coefficient 28
W/m®.K, thickness of packaging material is 8x10® m, thermal
conductivity of packaging material is 0.05 W/m.K, thermal
conductivity of frozen fish is 1.125 W/m.K, enthalpy change
between initial and plate temperatures is 306 kJ/kg fish, p, = 880
kg/m®.

Compute the number of freezing stations (plates) required and the
refrigeration requirement.



Solution: Using modified Plank’s equation. It accounts for time required
to remove sensible heat in pre-cooling and post-freezing period.
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4) A food product at 25°C is being frozen with liquid nitrogen
(product final temperature = - 35°C). Food product is in brick
shape (0.05x0.1x0.2 m). If the freezing time is 3 minutes, calculate
the rate of N, utilization for this product (kg N,/kg product).

Cp of N, =1 kJ/(kgN,.°C), A (latent heat) of N, = 198 kJ/kg N,

T lig.Nitrogen = - 196°C density of product = 800 kg/m

h.= 200 W/m?.K, k; = 1.2 W/m.K.
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5) Determine the refrigeration requirement for freezing of 50 kg
lean beef with 745 9% moisture content from an initial
temperature of 5°C to a final temperature of -15°C. Assume
enthalpies of beef at these temperatures are 317 and 58 kJ/kg beef,
respectively.
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6) 100 kg of tomato was frozen by using liquid nitrogen. Initial
and final temperatures of tomato were 25°C and -15°C,
respectively. Tomato are assumed to be spherical with a diameter
5 ¢cm and density 0.8 g/lcm®. Tomato solids makes up 35 % of the
total weight of tomato and tomato juice solids makes up 5 % of
total weight of tomato juice. Liquid nitrogen is sprayed on to
tomato at a rate of 0.02 kg N,/tomato.min. Calculate the thermal
efficiency of this process. Following data is also given:

he = 100 W/m?.K, k, = 2.5 W/m.K, Cp of N, =1 kJ/kgN,.K
enthalpy of evaporation of N, = 200 kJ/kg N, TigNitrogen = -196°C.

Enthalpy values of tomato juice portion: H; = 525 kJ/(kg tomato
juice) at 25°C, H; = 80 kJ/(kg tomato juice) at - 15°C.

For fruits and vegetables; AH' = enthalpy of liquid portion +
enthalpy of solid portion. Then,
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X : solids content of fruit and AH; : enthalpy of tomato juice
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7) A continuous freezing system for whole chickens in a plastic
film is designed using a spiral conveyor and high velocity cold air.
The initial product temperature is 5°C, final temperature is - 2°C
and medium (air) temperature is -30°C. The conveyor that carries
the product to freezing chamber is designed to operate at a rate of
3 m/min. Assume the chicken has a spherical shape. Determine the
approximate dimensions of freezing room, the capacity of the
refrigeration system and total number of chickens on 15 circular
sections. The following data were given:

h, = 22 W/m®K, height of the freezing chamber = 8 m, clerance
between sections of spiral conveyor = 0.3 m, k; = 1.298 W/m.K,
density = 855 kg/m® assume the diameter of a chicken is 0.15 m
and the distance between each chicken is 0.1 m, in the system
there are 15 circular sections, AH' = 278.6 kJ/kg chicken.
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8) A pecon coffee cake (each cake = 0.372 kg) is being frozen in
liquid nitorgen in 1.7 minutes. Initial temperature of cake is 22°C,
the final temperature is -18°C. The temperature of freezing
medim (liquid nitrogen) is - 196°C. If 0.665 kg N, is required per
kg product, estimate the surface heat transfer coefficient of the




system. R = 1/8, P = 1/2, k;, = 1.731 W/m.K, latent heat of
nitrogen = 197.98 kJ/kg N,, Cp of N, is 1.044 kJ/(kg N,.°C).
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9) Calculate the total refrigeration requirement (in Btu) when
2000 Ib of beef slices are frozen from an initial temperature of
40°F to freezing temperature of 23°F and then stored at - 4°F (Cp
of beef above freezing temperature is 0.82 Btu/(Ib.°F), Cp of
frozen beef is 0.46 Btu/(1b.°F), the latent heat of fusion of water to
ice is 144 Btu/lb water, moisture content of beef is 75 %).
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The equations that we used in this problem set:
1. Plank’s equation

2. Pham’s equation

3. Modified Plank’s equation



