
MCG 3110 . HEAT TRANSFER

Quiz #7 - Review oI Thermodynomics
Thursday, May 78'h, 2077

lrrir- r*io,n questions(3' marks)

1 Write the mass conservation equation and explain the meaning of every term. (5 marks)

/ writ"the full general form of the 1't Law of thermodynamics and explain the meaning of
every term. (10 marks)

/ Explain the difference between Steady-State, Steady Flow and Transient Flow. (s marks)

/ Explain the difference between latent and sensible energy. (5 marks)

{ Ota thermal engineer, name three things you would want to consider when working on the
design of a building's new HVAC system. (5 marks)

/. Oraw a P-T diagram and a T-vdiagram and identify allthe phases, the triple point and the
critical point. (5 marks)
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Part 2 - Problem (55marks)

You may be familiar with M&M Meat Shops, a popular Canadian retail chain

of specialty frozen foods. As a young mechanical engineering student, you

have been hired for a coop worlGerm within this organization. For your first

task, you have been asked to assist the lead engineer in selecting an

adequate industrial freezer for the processing of M&M's new deep dish

apple pie product.

The apples pies (each placed in a thin qfg1=lg3-Igll are pre-baked in the factory and are then allowed

to air cool until they reach a uniform tenTeljlglg._oJ +!_]C. At this point, each pie is individually

packaged in . tl&gg9_Egr, pl.iGd on? p]grl|C.-"piligt and brought into the industrial freezer where

everythins is coiE-to , 1rc]1gf*qg-91gg:!l?!. Each aluminium.pan weishs $gwhereas each

cardbqardboxweighslOO{ f..nplasticpalletweighst.tgandholds{6?i-es: Theobjectiveistoload
40-palletb in the freezefTloia given pie processing batch. The pies have the following composition:

a

a|'Assuming the pies (and aluminum pans) are still at 45'C and that the cardboard boxes and pallets are

at 20'C rvhen they are initially placed in the freezer, determine the amount of heat that needs to be

removed by the freezer to achieve the desired cooling process. For full marks, you must use the

methodology presented in class (with assumptions and conservation equations). (ss marks)

You can use Siebel's formula:

CPrresr, = 3.35 a +0.84 lkJ/kg "C]

CPr,o,"n = 1.26 a +0.84 [kJ/kS "C]

Aht,,",, =334 a 1k't/k8l

Other data:
Aluminum pan specific heat: Cpa; = 0.875 kJ/kg "C

Cardboard box specific heat: Cp6,,66s.,6 = 1.340 kJ/kg "C

Plastic pallet specific heat: CPpr,,ti. = 1'.670 kJ/kg'C

p)'One of the industrial freezers that you are considering is rated for a cooling capacity of 30kW. How
' much time (in minutes) would it take to achieve the pie cooling process from part a) with this freezer

unit? (5 marks)

c) When you eat freshly baked warm apple pie, explain (from a thermodynamic perspective) why you

are more likely to burn your tongue on the pie filling as opposed to the crust. (5 marks)


