1-2
Thermodynamics and Heat Transfer

1-1C Thermodynamics deals with the amount of heat transfer as a system undergoes a process from one equilibrium state to
another. Heat transfer, on the other hand, deals with the rate of heat transfer as well as the temperature distribution within the
system at a specified time.

1-2C (a) The driving force for heat transfer is the temperature difference. (b) The driving force for electric current flow is the
electric potential difference (voltage). (a) The driving force for fluid flow is the pressure difference.

1-3C The caloric theory is based on the assumption that heat is a fluid-like substance called the "caloric" which is a massless,
colorless, odorless substance. It was abandoned in the middle of the nineteenth century after it was shown that there is no
such thing as the caloric.

1-4C The rating problems deal with the determination of the heat transfer rate for an existing system at a specified
temperature difference. The sizing problems deal with the determination of the size of a system in order to transfer heat at a
specified rate for a specified temperature difference.

1-5C The experimental approach (testing and taking measurements) has the advantage of dealing with the actual physical
system, and getting a physical value within the limits of experimental error. However, this approach is expensive, time
consuming, and often impractical. The analytical approach (analysis or calculations) has the advantage that it is fast and
inexpensive, but the results obtained are subject to the accuracy of the assumptions and idealizations made in the analysis.

1-6C The description of most scientific problems involves equations that relate the changes in some key variables to each
other, and the smaller the increment chosen in the changing variables, the more accurate the description. In the limiting case
of infinitesimal changes in variables, we obtain differential equations, which provide precise mathematical formulations for
the physical principles and laws by representing the rates of changes as derivatives.

As we shall see in later chapters, the differential equations of fluid mechanics are known, but very difficult to solve
except for very simple geometries. Computers are extremely helpful in this area.

1-7C Modeling makes it possible to predict the course of an event before it actually occurs, or to study various aspects of an
event mathematically without actually running expensive and time-consuming experiments. When preparing a mathematical

model, all the variables that affect the phenomena are identified, reasonable assumptions and approximations are made, and

the interdependence of these variables are studied. The relevant physical laws and principles are invoked, and the problem is
formulated mathematically. Finally, the problem is solved using an appropriate approach, and the results are interpreted.
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1-8C The right choice between a crude and complex model is usually the simplest model which yields adequate results.

Preparing very accurate but complex models is not necessarily a better choice since such models are not much use to
an analyst if they are very difficult and time consuming to solve. At the minimum, the model should reflect the essential
features of the physical problem it represents.

1-9C Warmer. Because energy is added to the room air in the form of electrical work.

1-10C Warmer. If we take the room that contains the refrigerator as our system, we will see that electrical work is supplied to
this room to run the refrigerator, which is eventually dissipated to the room as waste heat.

1-11C For the constant pressure case. This is because the heat transfer to an ideal gas is mc,AT at constant pressure and
mc,AT at constant volume, and ¢, is always greater than c,.

1-12C Thermal energy is the sensible and latent forms of internal energy, and it is referred to as heat in daily life.

1-13C The rate of heat transfer per unit surface area is called heat flux q. It is related to the rate of heat transfer by

Q':qudA.

1-14C Energy can be transferred by heat, work, and mass. An energy transfer is heat transfer when its driving force is
temperature difference.
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1-15 The filament of a 150 W incandescent lamp is 5 cm long and has a diameter of 0.5 mm. The heat flux on the surface of
the filament, the heat flux on the surface of the glass bulb, and the annual electricity cost of the bulb are to be determined.

Assumptions Heat transfer from the surface of the filament and the bulb of the lamp is uniform.

Analysis (a) The heat transfer surface area and the heat flux on the surface of the filament are
A, = DL = 7(0.05cm)(5 cm) = 0.785cm?

_Q _ 1O0W 191 wiem? =1.91x10° W/m? Lamp

A, 0.785cm? 150 W

S

(b) The heat flux on the surface of glass bulb is
A = D? = z(8cm)? = 201.1cm?

4o =2 = 2OW 4 75Wiem? = 7500 Wim?

A 201.1cm?
(c) The amount and cost of electrical energy consumed during a one-year period is

Electricity Consumption = QAt = (0.15 kW)(365x8 h/yr) = 438 kWh/yr
Annual Cost = (438 kWh/yr)($0.08/ kWh) = $35.04/yr

1-16E A logic chip in a computer dissipates 3 W of power. The amount heat dissipated in 8 h and the heat flux on the surface
of the chip are to be determined.

Assumptions Heat transfer from the surface is uniform.

Analysis (a) The amount of heat the chip dissipates during an 8-hour period is Logic chip Q —3W

Q = QAt = (3W)(8h) = 24 Wh = 0.024 kWh el

(b) The heat flux on the surface of the chip is
_Q_ _3W ~=37.5W/in’
A 0.08in

PROPRIETARY MATERIAL. © 2015 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.




1-5

1-17 An aluminum ball is to be heated from 80°C to 200°C. The amount of heat that needs to be transferred to the aluminum
ball is to be determined.

Assumptions The properties of the aluminum ball are constant.
Properties The average density and specific heat of aluminum are given to be p = 2700 kg/m® and ¢, = 0.90 kl/kg-°C.

Analysis The amount of energy added to the ball is simply the change in its internal energy, and is
determined from

Etranster =AU =mc p (T -Ty) Metal
ball
where
T ~N3_ 7 3 3
m=p{ = E'OD = E(Z?OO kg/m®)(0.15m)* =4.77 kg
Substituting, E

E yanster = (4.77 kg)(0.90 ki/kg - °C)(200 —80)°C = 515 kJ

Therefore, 515 kJ of energy (heat or work such as electrical energy) needs to be transferred to the aluminum ball to heat it to
200°C.

1-18 One metric ton of liquid ammonia in a rigid tank is exposed to the sun. The initial temperature is 4°C and the exposure
to sun increased the temperature by 2°C. Heat energy added to the liquid ammonia is to be determined.

Assumptions The specific heat of the liquid ammonia is constant.
Properties The average specific heat of liquid ammonia at (4 + 6)°C /2 = 5°C is ¢, = 4645 J/kg-K (Table A-11).

Analysis The amount of energy added to the ball is simply the change in its internal energy, and is
determined from

Q=mc,(T,-Ty)
where
m =1metric ton =1000 kg

Substituting,
Q = (1000 kg) (4645 J/kg - °C)(2°C) = 9290 kJ

Discussion Therefore, 9290 kJ of heat energy is required to transfer to 1 metric ton of liquid ammonia to heat it by 2°C. Also,
the specific heat units J/kg-°C and J/kg-K are equivalent, and can be interchanged.

PROPRIETARY MATERIAL. © 2015 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.




1-6

1-19 A 2 mm thick by 3 cm wide AISI 1010 carbon steel strip is cooled in a chamber from 527 to 127°C. The heat rate
removed from the steel strip is 100 kW and the speed it is being conveyed in the chamber is to be determined.

Assumptions 1 Steady operating conditions exist. 2 The stainless steel sheet has constant properties. 3 Changes in potential
and kinetic energy are negligible.

Properties For AISI 1010 steel, the specific heat of AISI 1010 steel at (527 + 127)°C /2 =327°C =600 K is 685 J/kg'K
(Table A-3), and the density is given as 7832 kg/m®.

Analysis The mass of the steel strip being conveyed enters and exits the chamber at a rate of
m = pVwt

The rate of heat loss from the steel strip in the chamber is given as
Qloss =mc, (Tiy —Tout) = pVWiC, (Tin —Tout)

Thus, the velocity of the steel strip being conveyed is

Qloss 100x10°% W

- - =0.777m/s
owte, (Tin =Tow) (7832 kg/m*)(0.030 m)(0.002 m)(685 J/kg - K)(527 —127)K

Discussion A control volume is applied on the steel strip being conveyed in and out of the chamber.

1-20E A water heater is initially filled with water at 50°F. The amount of energy that needs to be transferred to the water to
raise its temperature to 120°F is to be determined.

Assumptions 1 Water is an incompressible substance with constant specific. 2 No water flows in or out of the tank during
heating.

Properties The density and specific heat of water at 85°F from Table A-9E are: p =
62.17 Ibm/ft® and ¢, = 0.999 Btu/lbmR.

Analysis The mass of water in the tank is

1ft3
7.48¢ga

m = pV = (62.17 Ibm/ft3)(60 gal)( J =498.7 Ibm

Then, the amount of heat that must be transferred to the water in the tank as it is
heated from 50 to 120°F is determined to be

Q=mc, (T, —T;)=(498.7 1bm)(0.999 Btu/lom-°F)(120-50)°F = 34,874 Btu

Discussion Referring to Table A-9E the density and specific heat of water at 50°F are: p = 62.41 lom/ft* and ¢, = 1.000
Btu/lbm-R and at 120°F are: p = 61.71 Ibm/ft® and Cp = 0.999 Btu/lom-R. We evaluated the water properties at an average
temperature of 85°F. However, we could have assumed constant properties and evaluated properties at the initial temperature
of 50°F or final temperature of 120°F without loss of accuracy.
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1-21 A house is heated from 10°C to 22°C by an electric heater, and some air escapes through the cracks as the heated air in
the house expands at constant pressure. The amount of heat transfer to the air and its cost are to be determined.

Assumptions 1 Air as an ideal gas with a constant specific heats at room temperature. 2 The volume occupied by the furniture
and other belongings is negligible. 3 The pressure in the house remains constant at all times. 4 Heat loss from the house to the
outdoors is negligible during heating. 5 The air leaks out at 22°C.

Properties The specific heat of air at room temperature is ¢, = 1.007 kJ/kg-°C.
Analysis The volume and mass of the air in the house are /\

V = (floor space)(height) = (200 m?)(3m) = 600 m® A - N
3 /
i 44 _ (101.3kPa)(600 m*) _747.9kg 10°C
RT  (0.287 kPa-m®/kg - K)(10+273.15K) T= AR T
Noting that the pressure in the house remains constant during heating, the amount of heat

that must be transferred to the air in the house as it is heated from 10 to 22°C is
determined to be

Q=mc, (T, ~T,) = (747.9 kg)(L.007 ki/kg - °C)(22 ~10)°C = 9038 kJ

Noting that 1 kwWh = 3600 kJ, the cost of this electrical energy at a unit cost of $0.075/kWh is
Enegy Cost = (Energy used)(Unit cost of energy) = (9038 /3600 kWh)($0.075/kWh) = $0.19

Therefore, it will cost the homeowner about 19 cents to raise the temperature in his house from 10 to 22°C.
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1-22 An electrically heated house maintained at 22°C experiences infiltration losses at a rate of 0.7 ACH. The amount of
energy loss from the house due to infiltration per day and its cost are to be determined.

Assumptions 1 Air as an ideal gas with a constant specific heats at room temperature. 2 The volume occupied by the furniture
and other belongings is negligible. 3 The house is maintained at a constant temperature and pressure at all times. 4 The
infiltrating air exfiltrates at the indoors temperature of 22°C.

Properties The specific heat of air at room temperature is ¢, = 1.007 kd/kg-°C.

Analysis The volume of the air in the house is /\

V = (floor space)(height) = (150 m?)(3m) = 450 m® 4 N
Noting that the infiltration rate is 0.7 ACH (air changes per hour) and thus the air in 22°C

. . . 0.7 ACH
the house is completely replaced by the outdoor air 0.7x24 = 16.8 times per day, the 4, ArR |,
mass flow rate of air through the house due to infiltration is 50C

m _ Pouair _ I:)o (ACH X Vhouse)
air — -
RT, RT,
(89.6 kPa)(16.8 x 450 m® / day)

~(0.287 kPa-m®/kg - K)(5 + 273.15 K)

= 8485 kg/day

Noting that outdoor air enters at 5°C and leaves at 22°C, the energy loss of this house per day is

Qinfilt = maiGC (rindoors _Toutdoors)
= (8485 kg/day)(1.007 kJ/kg.°C)(22 — 5)°C = 145,260 kJ/day = 40.4 kWh/day
At a unit cost of $0.082/kWh, the cost of this electrical energy lost by infiltration is
Enegy Cost = (Energy used)(Unit cost of energy) = (40.4 kWh/day)($0.082/kWh) = $3.31/day

1-23 Water is heated in an insulated tube by an electric resistance heater. The mass flow rate of water through the heater is to
be determined.

Assumptions 1 Water is an incompressible substance with a constant specific heat. 2 The kinetic and potential energy changes
are negligible, Ake = Ape = 0. 3 Heat loss from the insulated tube is negligible.

Properties The specific heat of water at room temperature is ¢, = 4.18 kl/kg-°C.

Analysis We take the tube as the system. This is a control volume since mass crosses the system boundary during the process.
We observe that this is a steady-flow process since there is no change with time at any point and thus
Ame,, =0 and AE(,, =0, there is only one inlet and one exit and thus iy, =, =m, and the tube is insulated. The energy

balance for this steady-flow system can be expressed in the rate form as

. i _ : 70 (steady) _ - _F
Ein - Eout - AEsystem =0 - Ein - Eout
- I ——
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies WATER

. ; o —9 e}
W in +mhy =mh, (since Ake = Ape = 0) 15°C 60°C

We,in = me (T, -Ty)
Thus, 5kw
Wein 5 k/s

m = - = 0.0266 kgls
¢,(T,~Ty) (418 kJ/kg-°C)(60-15)°C
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1-24 B8 Liquid ethanol is being transported in a pipe where heat is added to the liquid. The volume flow rate that is
necessary to keep the ethanol temperature below its flashpoint is to be determined.

Assumptions 1 Steady operating conditions exist. 2 The specific heat and density of ethanol are constant.
Properties The specific heat and density of ethanol are given as 2.44 kJ/kg'K and 789 kg/m®, respectively.
Analysis The rate of heat added to the ethanol being transported in the pipe is

Q =mc,y (Toye —Tin) S @=20kW

Liguid ethano| —— )_" Tout
. :V _T Tll'l = IDCC
Q pCp(Tout |n)

For the ethanol in the pipe to be below its flashpoint, it is necessary to keep Ty below 16.6°C. Thus, the volume flow rate
should be

or

0 B 20k/s
€, (Tow —Tin) (789 kg/m®)(2.44 kilkg - K)(16.6 —10) K

V>

¥ >0.00157m3/s

Discussion To maintain the ethanol in the pipe well below its flashpoint, it is more desirable to have a much higher flow rate
than 0.00157 m?/s.
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1-25 P8 A 2 mm thick by 3 cm wide AISI 1010 carbon steel strip is cooled in a chamber from 597 to 47°C to avoid
instantaneous thermal burn upon contact with skin tissue. The amount of heat rate to be removed from the steel strip is to be

determined.
/7 Cooling chamber

R Steel strip
/ /

3 . F—> 1mis
Tin =597°C rl I—l Toul =47°C

Assumptions 1 Steady operating conditions exist. 2 The stainless steel sheet has constant specific heat and density. 3 Changes
in potential and kinetic energy are negligible.

Properties For AISI 1010 carbon steel, the specific heat of AISI 1010 steel at (597 + 47)°C/2=322°C =595 K is
682 J/kg'K (by interpolation from Table A-3), and the density is given as 7832 kg/m®.

Analysis The mass of the steel strip being conveyed enters and exits the chamber at a rate of
m = pVwt
The rate of heat being removed from the steel strip in the chamber is given as
Qremoved =MC p (Tin = Tout)
= pVwtc p (Tin - Tout)

= (7832 kg/m*)(1 m/s)(0.030 m)(0.002 m)(682 J/kg - K)(597 — 47) K
=176 kW
Discussion By slowing down the conveyance speed of the steel strip would reduce the amount of heat rate needed to be

removed from the steel strip in the cooling chamber. Since slowing the conveyance speed allows more time for the steel strip
to cool.
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1-26 Liquid water is to be heated in an electric teapot. The heating time is to be determined.

Assumptions 1 Heat loss from the teapot is negligible. 2 Constant properties can be used for both the teapot and the water.
Properties The average specific heats are given to be 0.7 kJ/kg-K for the teapot and 4.18 kJ/kg-K for water.

Analysis We take the teapot and the water in it as the system, which is a closed system (fixed mass). The energy balance in
this case can be expressed as

E,,—E AE

in out system
—
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Ein =AU system — AU yarer +AU teapot

Then the amount of energy needed to raise the temperature of
water and the teapot from 15°C to 95°C is

Electric
Ein = (MCAT) yater + (MCAT) teapor heating

= (1.2 kg)(4.18 kJ/kg-°C)(95—15)°C + (0.5 kg)(0.7 ki/kg - °C)(95—15)°C ‘*‘J‘”f“‘,__
= 429.3kJ

The 1200-W electric heating unit will supply energy at a rate of 1.2 kW or 1.2 kJ per second. Therefore, the time needed for
this heater to supply 429.3 kJ of heat is determined from

At = Total energy transferred  E;;  429.3kJ

' "~ 1.2KJ/s

=358s5=6.0min
Rate of energy transfer E

transfer

Discussion In reality, it will take more than 6 minutes to accomplish this heating process since some heat loss is inevitable
during heating. Also, the specific heat units ki/kg - °C and kJ/kg - K are equivalent, and can be interchanged.

1-27 It is observed that the air temperature in a room heated by electric baseboard heaters remains constant even though the
heater operates continuously when the heat losses from the room amount to 9000 kJ/h. The power rating of the heater is to be
determined.

Assumptions 1 Air is an ideal gas since it is at a high temperature and low pressure relative to its critical point values of -
141°C and 3.77 MPa. 2 The kinetic and potential energy changes are negligible, Ake = Ape = 0. 3 The temperature of the
room remains constant during this process.

Analysis We take the room as the system. The energy balance in this case reduces to

Ein —Eout = AEsystem
\—,—/
Net energy transfer Change in internal, kinetic,
by heat, work,and mass potential, etc. energies /
We,in —Qout =AU =0 AIR
We,in = Qout >
ince AU = mc, AT = 0 for isothermal f ideal Th We %
since =mcAT = or Isothermal processes or 1aeal gases. us,
. . 1kwW
W, = =9000 kd/h| ———— |=2.5kW
ein = Qo (3600 kJ/hj
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1-28 The resistance heating element of an electrically heated house is placed in a duct. The air is moved by a fan, and heat is
lost through the walls of the duct. The power rating of the electric resistance heater is to be determined.

Assumptions 1 Air is an ideal gas since it is at a high temperature and low pressure relative to its critical point values of -
141°C and 3.77 MPa. 2 The kinetic and potential energy changes are negligible, Ake = Ape = 0. 3 Constant specific heats at
room temperature can be used for air. This assumption results in negligible error in heating and air-conditioning applications.

Properties The specific heat of air at room temperature is ¢, = 1.007 ki/kg-°C (Table A-15).

Analysis We take the heating duct as the system. This is a control volume since mass crosses the system boundary during the
process. We observe that this is a steady-flow process since there is no change with time at any point and thus
Amg,, =0 and AE(,, =0. Also, there is only one inlet and one exit and thus iy, =m, =m. The energy balance for this

steady-flow system can be expressed in the rate form as

20 (steady)

Ein - Eout = AEsystem =0 - Ein = Fout
e
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

W in +Wignin +Mhy = Qg +Mh, (since Ake = Ape = 0)
V\'/e,in = Qout _Wfan,in + me (TZ _Tl)

Substituting, the power rating of the heating element is determined to be

V\./e’in = (0.25 kW) — (0.3 kW) + (0.6 kg/s)(1.007 kJ/kg - °C)(5°C)
=2.97 kW
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1-29 A room is heated by an electrical resistance heater placed in a short duct in the room in 15 min while the room is losing

heat to the outside, and a 300-W fan circulates the air steadily through the heater duct. The power rating of the electric heater
and the temperature rise of air in the duct are to be determined.

Assumptions 1 Air is an ideal gas since it is at a high temperature and low pressure relative to its critical point values of -
141°C and 3.77 MPa. 2 The kinetic and potential energy changes are negligible, Ake = Ape = 0. 3 Constant specific heats at
room temperature can be used for air. This assumption results in negligible error in heating and air-conditioning applications.
3 Heat loss from the duct is negligible. 4 The house is air-tight and thus no air is leaking in or out of the room.

Properties The gas constant of air is R = 0.287 kPa.m*/kg.K (Table A-1). Also, ¢, = 1.007 kJ/kg-K for air at room
temperature (Table A-15) and ¢, = ¢, — R =0.720 kJ/kg-K.

Analysis (a) We first take the air in the room as the system. This is a constant volume closed system since no mass crosses the
system boundary. The energy balance for the room can be expressed as
Ein — Eout = AEsystem

Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

200 kJ/min
We,in +Wfan,in _Qout =AU

(Vve,in +Wfan,in _Qout)At = m(uz _ul) = mcv (T2 _Tl) / 5x6x8 m3 \

The total mass of air in the room is <
We
V =5x6x8m® =240 m®
3
PV
me¥ _ (98 kPa)(240 m*) _ 2846 kg %W

RT,  (0.287 kPa-m3/kg-K)(288 K)
Then the power rating of the electric heater is determined to be
We,in = Qout _Wfan,in +mc, (T2 _Tl)/At
= (200/60 kJ/s) — (0.3 kJ/s) + (284.6 kg)(0.720 kJ/kg - °C)(25-15°C)/(18x 60 s) = 4.93 kKW

(b) The temperature rise that the air experiences each time it passes through the heater is determined by applying the energy
balance to the duct,

Ein = Eout
We,in +Wfanyin + mhl = Q()ut?lo + th (Since Ake = Ape = O)
V\./e,in +Wfan,in =mAh = meAT
Thus,

AT _ We'in 'J’_Wfan'in _ (493+03)|(J/S _ 6.20C
mc, (50/60 kg/s)(1.007 ki/kg - K)
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1-30 The ducts of an air heating system pass through an unheated area, resulting in a temperature drop of the air in the duct.

The rate of heat loss from the air to the cold environment is to be determined.

Assumptions 1 Air is an ideal gas since it is at a high temperature and low pressure relative to its critical point values of -
141°C and 3.77 MPa. 2 The kinetic and potential energy changes are negligible, Ake = Ape = 0. 3 Constant specific heats at
room temperature can be used for air. This assumption results in negligible error in heating and air-conditioning applications.

Properties The specific heat of air at room temperature is ¢, = 1.007 ki/kg-°C (Table A-15).

Analysis We take the heating duct as the system. This is a control volume since mass crosses the system boundary during the
process. We observe that this is a steady-flow process since there is no change with time at any point and thus
Amg,, =0 and AE(,, =0. Also, there is only one inlet and one exit and thus iy, =m, =m. The energy balance for this

steady-flow system can be expressed in the rate form as

. : _ . 20 (steady) _ - _E
Ein - Eout - AEsystem =0 - Ein - Eout

Rate of netenergy transfer  Rate of change in internal, kinetic,

by heat, work, and mass potential, etc. energies

mh, =Q,, +mh, (since Ake = Ape = 0)
Qout =mc, (T -T5)
Substituting,
Qout = Mc,AT = (90 kg/min)L.007 kd/kg-°C)3°C) = 272 kd/min

90 kg/min  AIR
—_—
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1-31 Air is moved through the resistance heaters in a 900-W hair dryer by a fan. The volume flow rate of air at the inlet and
the velocity of the air at the exit are to be determined.

Assumptions 1 Air is an ideal gas since it is at a high temperature and low pressure relative to its critical point values of -
141°C and 3.77 MPa. 2 The kinetic and potential energy changes are negligible, Ake = Ape = 0. 3 Constant specific heats at
room temperature can be used for air. 4 The power consumed by the fan and the heat losses through the walls of the hair dryer
are negligible.

Properties The gas constant of air is R = 0.287 kPa.m*/kg.K (Table A-1). Also, ¢, = 1.007 kJ/kg-K for air at room
temperature (Table A-15).

Analysis (a) We take the hair dryer as the system. This is a control volume since mass crosses the system boundary during the
process. We observe that this is a steady-flow process since there is no change with time at any point and thus
Ame,, =0 and AE,, =0, and there is only one inlet and one exit and thus m, = m, =m. The energy balance for this

steady-flow system can be expressed in the rate form as

. : _ : 20 (steady) _ - _E
Ein - Eout - AEsystem =0 > Ein - Eout
|
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Wein *Weanin 0 +rihy = Qg™ +10h,  (since Ake = Ape = 0)

VVe,in = me (T2 _Tl)
e
Thus, T, =50°C P, =100 kPa
W A, = 60 cm? T, =25°C
Cp (TZ _Tl)
B 0.9 kd/s
(1.007 kJ/kg - °C)(50 — 25)°C

m:

=0.03575 kg/s W, = 900 W

Then,

RT, _ (0.287 kPa- m®/kg - K)(298 K)
P 100 kPa

V, = my, = (0.03575 kg/s)(0.8553 m*/kg) = 0.0306 m?>/s

=0.8553 m3/kg

Vl =

(b) The exit velocity of air is determined from the conservation of mass equation,

RT, (0.287 kPa-m3/kg- K)(323 K)

v, = =0.9270 m®/kg
P, 100 kPa
: 3
ao L AV, L (0.03575 kg/s)(0.492720m K9) _ ¢ e s
v, A, 60x10*m
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1-32E Air gains heat as it flows through the duct of an air-conditioning system. The velocity of the air at the duct inlet and
the temperature of the air at the exit are to be determined.

Assumptions 1 Air is an ideal gas since it is at a high temperature and low pressure relative to its critical point values of -
222°F and 548 psia. 2 The kinetic and potential energy changes are negligible, Ake = Ape = 0. 3 Constant specific heats at
room temperature can be used for air. This assumption results in negligible error in heating and air-conditioning applications.

Properties The gas constant of air is R = 0.3704 psia-ft¥/lbm-R (Table A-1E). Also, C, = 0.240 Btu/lbm-R for air at room
temperature (Table A-15E).

Analysis We take the air-conditioning duct as the system. This is a control volume since mass crosses the system boundary
during the process. We observe that this is a steady-flow process since there is no change with time at any point and thus
Amg,, =0 and AE(,, =0, there is only one inlet and one exit and thus iy, =, =m, and heat is lost from the system. The

energy balance for this steady-flow system can be expressed in the rate form as

£ £ AE 70 (steady) -0 > Ein = Eqy

in — “out system
%‘,—/
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Qin +mh, =mh, (since Ake = Ape = 0)
. . 3Imi AIR = i
Qi =Me, (T, ~Ty) 450 ft*/min N I D=10in

(a) The inlet velocity of air through the duct is determined from 2 Biu/s

G v /i
v, :_l:_lzzmzszs ft/min
A a?  z(5/12f)

(b) The mass flow rate of air becomes

RT, _(0.3704 psia-ft®/lbm-R)(510 R)

P 15 psia

o V, 450 ft*/min
vi 126 ft%/lbm

=12.6 ft3/lbm

Vl =
=35.7 Ibm/min = 0.595 Ibm/s

Then the exit temperature of air is determined to be

A _goop 2 Buu/s — 64.0°F
me (0.595 1bm/s)(0.240 Btu/lbm-°F)

PROPRIETARY MATERIAL. © 2015 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.




1-17
Heat Transfer Mechanisms

1-33C The thermal conductivity of a material is the rate of heat transfer through a unit thickness of the material per unit area
and per unit temperature difference. The thermal conductivity of a material is a measure of how fast heat will be conducted in
that material.

1-34C No. Such a definition will imply that doubling the thickness will double the heat transfer rate. The equivalent but
“more correct” unit of thermal conductivity is W-m/m?-°C that indicates product of heat transfer rate and thickness per unit
surface area per unit temperature difference.

1-35C Diamond is a better heat conductor.

1-36C The thermal conductivity of gases is proportional to the square root of absolute temperature. The thermal conductivity
of most liquids, however, decreases with increasing temperature, with water being a notable exception.

1-37C Superinsulations are obtained by using layers of highly reflective sheets separated by glass fibers in an evacuated
space. Radiation heat transfer between two surfaces is inversely proportional to the number of sheets used and thus heat loss
by radiation will be very low by using this highly reflective sheets. At the same time, evacuating the space between the layers
forms a vacuum under 0.000001 atm pressure which minimize conduction or convection through the air space between the
layers.

1-38C Most ordinary insulations are obtained by mixing fibers, powders, or flakes of insulating materials with air. Heat
transfer through such insulations is by conduction through the solid material, and conduction or convection through the air
space as well as radiation. Such systems are characterized by apparent thermal conductivity instead of the ordinary thermal
conductivity in order to incorporate these convection and radiation effects.

1-39C The thermal conductivity of an alloy of two metals will most likely be less than the thermal conductivities of both
metals.

1-40C The mechanisms of heat transfer are conduction, convection and radiation. Conduction is the transfer of energy from
the more energetic particles of a substance to the adjacent less energetic ones as a result of interactions between the particles.
Convection is the mode of energy transfer between a solid surface and the adjacent liquid or gas which is in motion, and it
involves combined effects of conduction and fluid motion. Radiation is energy emitted by matter in the form of
electromagnetic waves (or photons) as a result of the changes in the electronic configurations of the atoms or molecules.
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1-41C Conduction is expressed by Fourier's law of conduction as Qcond = —kA((jj—T where dT/dx is the temperature gradient,
X

k is the thermal conductivity, and A is the area which is normal to the direction of heat transfer.

Convection is expressed by Newton's law of cooling as Q,,,, = hA (T, —T.,) where h is the convection heat transfer

coefficient, A is the surface area through which convection heat transfer takes place, Ts is the surface temperature and T, is
the temperature of the fluid sufficiently far from the surface.

Radiation is expressed by Stefan-Boltzman law as Q,,q = oA (T, —~Tq;) Where & is the emissivity of surface, A,
is the surface area, T; is the surface temperature, Ty, is the average surrounding surface temperature and
o =5.67x10"% W/m? -K* is the Stefan-Boltzman constant.

1-42C Convection involves fluid motion, conduction does not. In a solid we can have only conduction.
1-43C No. It is purely by radiation.

1-44C In forced convection the fluid is forced to move by external means such as a fan, pump, or the wind. The fluid motion
in natural convection is due to buoyancy effects only.

1-45C In solids, conduction is due to the combination of the vibrations of the molecules in a lattice and the energy transport
by free electrons. In gases and liquids, it is due to the collisions of the molecules during their random motion.

1-46C The parameters that effect the rate of heat conduction through a windowless wall are the geometry and surface area of
wall, its thickness, the material of the wall, and the temperature difference across the wall.

1-47C In a typical house, heat loss through the wall with glass window will be larger since the glass is much thinner than a
wall, and its thermal conductivity is higher than the average conductivity of a wall.

1-48C The house with the lower rate of heat transfer through the walls will be more energy efficient. Heat conduction is
proportional to thermal conductivity (which is 0.72 W/m.°C for brick and 0.17 W/m.°C for wood, Table 1-1) and inversely
proportional to thickness. The wood house is more energy efficient since the wood wall is twice as thick but it has about one-
fourth the conductivity of brick wall.
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1-49C The rate of heat transfer through both walls can be expressed as

: T,-T T,-T
Quood = Kuwood A——2 = (0.16 W/m -°C)A—+—2 = 1.6 A(T, -T,)
wood 0.1m

. T,-T T,-T
Qurick = Kprick A——2=(0.72W/m-°C)A—~—2 = 2. 88A(T, - T,)
briCk 0.25m

where thermal conductivities are obtained from Table A-5. Therefore, heat transfer through the brick wall will be larger
despite its higher thickness.

1-50C Emissivity is the ratio of the radiation emitted by a surface to the radiation emitted by a blackbody at the same
temperature. Absorptivity is the fraction of radiation incident on a surface that is absorbed by the surface. The Kirchhoff's
law of radiation states that the emissivity and the absorptivity of a surface are equal at the same temperature and wavelength.

1-51C A blackbody is an idealized body which emits the maximum amount of radiation at a given temperature and which
absorbs all the radiation incident on it. Real bodies emit and absorb less radiation than a blackbody at the same temperature.

1-52 The thermal conductivity of a wood slab subjected to a given heat flux of 40 W/m? with constant left and right surface
temperatures of 40°C and 20°C is to be determined.

Assumptions 1 Steady operating conditions exist since the surface temperatures of the wood slab remain constant at the
specified values. 2 Heat transfer through the wood slab is one dimensional since the thickness of the slab is small relative to
other dimensions. 3 Thermal conductivity of the wood slab is constant.

Analysis The thermal conductivity of the wood slab is determined directly from Fourier’s relation to be

k= T
X A

q (4 W) 00m § =40 W/m?
T,-T, m2 ) (40— 20)°C T, = 400C —‘?\—‘—)q - m

0.10 W/m-K T(X) — —T,=20°C

—————

|
—>x

Discussion Note that the °C or K temperature units may be used interchangeably when evaluating a temperature difference.
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1-53 The inner and outer surfaces of a brick wall are maintained at specified temperatures.
The rate of heat transfer through the wall is to be determined.

Assumptions 1 Steady operating conditions exist since the surface temperatures of the wall

—

Brick wall

1-20

remain constant at the specified values. 2 Thermal properties of the wall are constant.

Properties The thermal conductivity of the wall is given to be k = 0.69 W/m-°C.

Analysis Under steady conditions, the rate of heat transfer through the wall is J
26°C

AT (26 —8)°C

Yenq = KA—— = (0.69 W/m -°C)(4 x 7 m? =1159 W
Qcond L ( )( X ) 03m

0.3m
1 sc

1-54 The inner and outer surfaces of a window glass are maintained at specified temperatures. The amount of heat transfer

through the glass in 5 h is to be determined.

Assumptions 1 Steady operating conditions exist since the surface temperatures of the glass remain constant at the specified

values. 2 Thermal properties of the glass are constant.
Properties The thermal conductivity of the glass is given to be k = 0.78 W/m-°C.

Analysis Under steady conditions, the rate of heat transfer through the glass by
conduction is

Quong = kAL — (0.78 Wim-C)2x 2 m?) LO=3C _ 4aeg Wy

L 0.005m /
10°C

Then the amount of heat transfer over a period of 5 h becomes

Q = Qg At = (4.368 k/s)(5% 36005) = 78,620 kJ

<

— Glass

\\ 3°C

N 05cm

If the thickness of the glass doubled to 1 cm, then the amount of heat transfer will go down by half to 39,310 kJ.
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