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Chapter 4 Transient Heat Conduction

Transient Heat Conduction in Large Plane Walls, Long Cylinders, and Spheres

4-26C A cylinder whose diameter is small relative to its length can be treated as an infinitely long cylinder.
When the diameter and length of the cylinder are comparable, it is not proper to treat the cylinder as being
infinitely long. It is also not proper to use this model when finding the temperatures near the bottom or top
surfaces of a cylinder since heat transfer at those locations can be two-dimensional.

4-27C Yes. A plane wall whose one side is insulated is equivalent to a plane wall that is twice as thick and
is exposed to convection from both sides. The midplane in the latter case will behave like an insulated
surface because of thermal symmetry.

4-28C The solution for determination of the one-dimensional transient temperature distribution involves
many variables that make the graphical representation of the results impractical. In order to reduce the
number of parameters, some variables are grouped into dimensionless quantities.

4-29C The Fourier number is a measure of heat conducted through a body relative to the heat stored. Thus
a large value of Fourier number indicates faster propagation of heat through body. Since Fourier number is
proportional to time, doubling the time will also double the Fourier number.

4-30C This case can be handled by setting the heat transfer coefficient h to infinity oo since the
temperature of the surrounding medium in this case becomes equivalent to the surface temperature.

4-31C The maximum possible amount of heat transfer will occur when the temperature of the body reaches
the temperature of the medium, and can be determined from Q. =mC, (T, —T;) .

4-32C When the Biot number is less than 0.1, the temperature of the sphere will be nearly uniform at all
times. Therefore, it is more convenient to use the lumped system analysis in this case.

4-33 A student calculates the total heat transfer from a spherical copper ball. It is to be determined whether
his/her result is reasonable.

Assumptions The thermal properties of the copper ball are constant at room temperature.

Properties The density and specific heat of the copper ball are p = 8933 kg/m®, and C, = 0.385 kJ/kg.°C
(Table A-3).

Analysis The mass of the copper ball and the maximum amount of heat transfer from the copper ball are

3

m=pV = p{”%] = (8933kg/m3)|:

Qmax = MC,[T; ~T,,] = (15.79kg)(0.385 kJ/kg.°C)(200~ 25)°C =1064k]

3
W} =15.79kg Q

Discussion The student's result of 4520 kJ is not reasonable since it is Copper
greater than the maximum possible amount of heat transfer. ball, 200°C
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Chapter 4 Transient Heat Conduction

4-34 An egg is dropped into boiling water. The cooking time of the egg is to be determined. ¥

Assumptions 1 The egg is spherical in shape with a radius of ry = 2.75 cm. 2 Heat conduction in the egg is
one-dimensional because of symmetry about the midpoint. 3 The thermal properties of the egg are
constant. 4 The heat transfer coefficient is constant and uniform over the entire surface. 4 The Fourier
number is T > 0.2 so that the one-term approximate solutions (or the transient temperature charts) are
applicable (this assumption will be verified).

Properties The thermal conductivity and diffusivity of the eggs are given to be k = 0.6 W/m.°C and o =
0.14x10°° m?/s.

Analysis The Biot number for this process is

hr, _ (1400 W/ m?.°C)(0.0275 m) Water

Bi = ~ 642
k (06 W/ m.°C)

The constants A, and A, corresponding to this Biot number
are, from Table 4-1,

A4, =3.0877 and A; =1.9969

Then the Fourier number becomes

To-T,. A
osh =T

70-97

8_97 (1.9969)e GO’ T __, - _0198~0.2

Therefore, the one-term approximate solution (or the transient temperature charts) is applicable. Then the
time required for the temperature of the center of the egg to reach 70°C is determined to be

> (0.198)(0.0275m)>

— =1068s=17.8min
o (0.14x107 m*“/s)

t:
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4-35

"IPROBLEM 4-35"
"GIVEN"

D=0.055 "[m]"

T i=8 "[C]"

"T_0=70 [C], parameter to be varied"

T infinity=97 "[C]"
h=1400 "[W/m~2-C]"

"PROPERTIES"
k=0.6 "[W/m-C]"
alpha=0.14E-6 "[m"2/s]"

"ANALYSIS"
Bi=(h*r_o)/k
r_o=D/2

"From Table 4-1 corresponding to this Bi number, we read"

lambda_1=1.9969
A_1=3.0863

(T_o-T_infinity)/(T_i-T_infinity)=A_1*exp(-lambda_1"2*tau)
time=(tau*r_o”"2)/alpha*Convert(s, min)

T, [C] time [min]
50 39.86
55 424
60 45.26
65 48.54
70 52.38
75 57
80 62.82
85 70.68
90 82.85
95 111.1
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Chapter 4 Transient Heat Conduction

4-36 Large brass plates are heated in an oven. The surface temperature of the plates leaving the oven is to
be determined.

Assumptions 1 Heat conduction in the plate is one-dimensional since the plate is large relative to its
thickness and there is thermal symmetry about the center plane. 3 The thermal properties of the plate are
constant. 4 The heat transfer coefficient is constant and uniform over the entire surface. 5 The Fourier
number is t > 0.2 so that the one-term approximate solutions (or the transient temperature charts) are
applicable (this assumption will be verified).

Properties The properties of brass at room temperature are given to be k = 110 W/m.°C, o = 33.9x10°® m?/s

Analysis The Biot number for this process is Furnace,

26 700°C
Bi _hL _ (80W/m".°C)(0.015m) _ 00109
k (110 W/ m.°C)
The constants 4, and A, corresponding to this Biot Plates
number are, from Table 4-1, 25°C

A, =01039 and A =10018

The Fourier number is

-6 2 . .
T:ﬂ: (339%x10™° m* /s)(10 min x 60 s/ min) 904> 02

L2 (0.015 m)?

Therefore, the one-term approximate solution (or the transient temperature charts) is applicable. Then the
temperature at the surface of the plates becomes

T(x,t)-T, 2 _
O(L,t) :%:Ale M cos(h, L/ L) = (1.0018)e~(01029°(%049) c65(0.1039) = 0.378
1 0
TLY=700 _ 57g T(L,t) =445°C
25—700

Discussion This problem can be solved easily using the lumped system analysis since Bi < 0.1, and thus
the lumped system analysis is applicable. It gives

a=—K s po, 2K LOWIMTC 45450108 Wosim? oC
ACh a  33.9x10° m</s
2 o
pC,  p(LAC, pLC, L(k/a) (0.015m)(3.245x10° W-s/m* .°C)
TOTo _ oo T =T, + (T, —T, )e~® = 700°C + (25-700°C)e (0164456009 _ 4450

T,-T,

which is almost identical to the result obtained above.

4-20



4-37 "'PROBLEM 4-37"

"GIVEN"
L=0.03/2 "[m]"
T i=25"[C]"

T_infinity=700 "[C], parameter to be varied"
time=10 "[min], parameter to be varied"

h=80 "[W/m"2-C]"

"PROPERTIES"
k=110 "[W/m-C]"
alpha=33.9E-6 "[m"2/s]"

"ANALYSIS"
Bi=(h*L)/k

"From Table 4-1, corresponding to this Bi number, we read"

lambda_1=0.1039
A 1=1.0018

tau=(alpha*time*Convert(min, s))/L"2
(T_L-T_infinity)/(T_i-T_infinity)=A_1*exp(-lambda_1"2*tau)*Cos(lambda_1*L/L)

T [C] T, [C]
500 321.6
525 337.2
550 352.9
575 368.5
600 384.1
625 399.7
650 415.3
675 430.9
700 446.5
725 462.1
750 477.8
775 493.4
800 509
825 524.6
850 540.2
875 555.8
900 571.4

time [min] T, [C]
2 146.7
4 244.8
6 325.5
8 391.9
10 446.5
12 491.5
14 528.5
16 558.9
18 583.9
20 604.5
22 621.4
24 635.4
26 646.8
28 656.2
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Chapter 4 Transient Heat Conduction

4-38 A long cylindrical shaft at 400°C is allowed to cool slowly. The center temperature and the heat
transfer per unit length of the cylinder are to be determined.

Assumptions 1 Heat conduction in the shaft is one-dimensional since it is long and it has thermal symmetry
about the center line. 2 The thermal properties of the shaft are constant. 3 The heat transfer coefficient is
constant and uniform over the entire surface. 4 The Fourier number is T > 0.2 so that the one-term
approximate solutions (or the transient temperature charts) are applicable (this assumption will be verified).

Properties The properties of stainless steel 304 at room temperature are given to be k = 14.9 W/m.°C, p =
7900 kg/m?, C, = 477 J/kg.°C, a. = 3.95x10°® m?/s

Analysis First the Biot number is calculated to be

Bi_ Mo _ (60W/m?.°C)(0.175m)

~0.705 i
k (149 W/m.°C) Alr

T, =150°C
A

The constants A, and A, corresponding to this
Biot number are, from Table 4-1, Steel shaft

T; = 400°C
A,=10935 and A, =11558
y 4
The Fourier number is

-6 2
_at (3.95x107° m“/s)(20x60s) 01548

T=
L2 (0.175m)?

which is very close to the value of 0.2. Therefore, the one-term approximate solution (or the transient
temperature charts) can still be used, with the understanding that the error involved will be a little more
than 2 percent. Then the temperature at the center of the shaft becomes

To-T

O eyl = 0~ "o _ Aie"hz’ _ (1l1558)e—(1.0935)2(0.1548) 0.9605
Y Ti _Too

ﬂ =0.9605——T, =390°C

400-150

The maximum heat can be transferred from the cylinder per meter of its length is

m=pV = par,’L = (7900kg/m*)[x(0.175m)? (1m)] = 760.1kg
Qmax = MC, [T, —T;1= (760.1kg)(0.477 ki/kg.°C)(400-150)°C = 90,638k

Once the constant J, = 0.4689 is determined from Table 4-2 corresponding to the constant 1,=1.0935, the
actual heat transfer becomes

To-T - _
[ Q j :1_2[ 0 wJJl(M):l_z[wo 150)04689:0.177
Qmax /eyl T-T,) M 400-150 ) 1.0935

Q=0.177(90,638kJ) =16,015kJ
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4-39
"IPROBLEM 4-39"

"GIVEN"
r_0=0.35/2 "[m]"
T_i=400 "[C]"
T_infinity=150 "[C]"
h=60 “[W/m"2-C]"

"time=20 [min], parameter to be varied"

"PROPERTIES"

k=14.9 "[W/m-C]"
rho=7900 "[kg/m"3]"
C_p=477 "[J/kg-C]"
alpha=3.95E-6 "[m"2/s]"

"ANALYSIS"
Bi=(h*r_o)/k

"From Table 4-1 corresponding to this Bi number, we read"

lambda_1=1.0935
A_1=1.1558

J_1=0.4709 "From Table 4-2, corresponding to lambda_1"
tau=(alpha*time*Convert(min, s))/r_o"2
(T_o-T_infinity)/(T_i-T_infinity)=A_1*exp(-lambda_1"2*tau)

L=1 "[m], 1 m length of the cylinder is considered"

V=pi*r_o"2*L
m=rho*V

Q_max=m*C_p*(T_i-T_infinity)*Convert(J, kJ)
Q/Q_max=1-2*(T_o-T_infinity)/(T_i-T_infinity)*J_1/lambda_1

Chapter 4 Transient Heat Conduction

time [min] T, [C] Q [kJ]
5 425.9 4491
10 413.4 8386
15 401.5 12105
20 390.1 15656
25 379.3 19046
30 368.9 22283
35 359 25374
40 349.6 28325
45 340.5 31142
50 331.9 33832
55 323.7 36401
60 315.8 38853
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4-40E Long cylindrical steel rods are heat-treated in an oven. Their centerline temperature when they leave
the oven is to be determined.

Assumptions 1 Heat conduction in the rods is one-dimensional since the rods are long and they have
thermal symmetry about the center line. 2 The thermal properties of the rod are constant. 3 The heat
transfer coefficient is constant and uniform over the entire surface. 4 The Fourier number is t > 0.2 so that
the one-term approximate solutions (or the transient temperature charts) are applicable (this assumption
will be verified).

Properties The properties of AlSI stainless steel rods are given to be k = 7.74 Btu/h.ft.°F, o = 0.135 ft?/h.

Analysis The time the steel rods stays in the oven can be determined from

_ length _ 30Tt 5 ih-180s
velocity 10 ft/ min Oven, 1700°F
The Biot number is
20 Steel rod, 85°F —>
Bi:hi: (20Btwh.ft*°F)(2/127t) _ ) o0 eel ro
k (7.74 Btuh.ft °F) ' !

The constants 4, and A, corresponding to this Biot number are, from Table 4-1,
A,=08784 and A =10995

The Fourier number is

at _ (0135 ft2 / h)(3/60 h)

r.2 (2/12 ft)2

0

=0.243

Then the temperature at the center of the rods becomes

Oy = To—-T, _ Ale—ilzr _ (10995)e—(0.8784)2(0.243) - 0912
o,
T, —1700

———=0.912——T, =228°F
85-1700
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4-41 Steaks are cooled by passing them through a refrigeration room. The time of cooling is to be
determined.

Assumptions 1 Heat conduction in the steaks is one-dimensional since the steaks are large relative to their
thickness and there is thermal symmetry about the center plane. 3 The thermal properties of the steaks are
constant. 4 The heat transfer coefficient is constant and uniform over the entire surface. 5 The Fourier
number is t > 0.2 so that the one-term approximate solutions (or the transient temperature charts) are
applicable (this assumption will be verified).

Properties The properties of steaks are given to be k = 0.45 W/m.°C and o = 0.91x107 m?/s
Analysis The Biot number is

_hL _ (9 W/m?.°C)(0.01m)
k (0.45W/m.°C)

Steaks

Bi =0.200

The constants A, and A, corresponding to this
Biot number are, from Table 4-1,

A,=04328 and A, =10311

Refrigerated air

. . -11°C
The Fourier number is

T(LY-T, -k

— 2 —Ae cos(4;L/L
T (L/L)
220D _ (1 03196047 005(0.4328) — > 7 =5.601>0.2
25-(-11)

Therefore, the one-term approximate solution (or the transient temperature charts) is applicable. Then the
length of time for the steaks to be kept in the refrigerator is determined to be
_d4®  (5.601)(0.01m)?

= — =61555=102.6min
a  (0.91x107" m*/s)
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4-42 A long cylindrical wood log is exposed to hot gases in a fireplace. The time for the ignition of the
wood is to be determined.

Assumptions 1 Heat conduction in the wood is one-dimensional since it is long and it has thermal
symmetry about the center line. 2 The thermal properties of the wood are constant. 3 The heat transfer
coefficient is constant and uniform over the entire surface. 4 The Fourier number is T > 0.2 so that the one-
term approximate solutions (or the transient temperature charts) are applicable (this assumption will be
verified).

Properties The properties of wood are given to be k = 0.17 W/m.°C, o = 1.28x10" m%/s

(prres
ol

Analysis The Biot number is

Bi_ Mo _ (136 W/m?.°C)(0.05m)

=4.00
k (0.17 W/m2C) 10em

The constants 1, and A, corresponding to this

Biot number are, from Table 4-1, N
21 =1.9081 and A =1.4698 ‘i}%}:‘l‘n\"@ Hot gases
' ' AN 'M 700°C
Once the constant J, is determined from Table 4-2 o)

corresponding to the constant 1,=1.9081, the Fourier number is
determined to be

T, )T .
(Tr—o- —)T = = A I (0T, I T,)
i ©
= (4699 ™ (0.277) — 7~ 0.251

which is above the value of 0.2. Therefore, the one-term approximate solution (or the transient temperature
charts) can be used. Then the length of time before the log ignites is

_r,? (0.251)(0.05m)?

= = — =4904s=81.7min
a (1.28x107" m*/s)
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4-43 A rib is roasted in an oven. The heat transfer coefficient at the surface of the rib, the temperature of
the outer surface of the rib and the amount of heat transfer when it is rare done are to be determined. The
time it will take to roast this rib to medium level is also to be determined.

Assumptions 1 The rib is a homogeneous spherical object. 2 Heat conduction in the rib is one-dimensional
because of symmetry about the midpoint. 3 The thermal properties of the rib are constant. 4 The heat
transfer coefficient is constant and uniform over the entire surface. 5 The Fourier number is t > 0.2 so that
the one-term approximate solutions (or the transient temperature charts) are applicable (this assumption
will be verified).

Properties The properties of the rib are given to be k = 0.45 W/m.°C, p = 1200 kg/m?, C, = 4.1 ki/kg.°C,
and o = 0.91x107 m?s.

Analysis (a) The radius of the roast is determined to be
m _ 3.2Kkg

m=pV ——V=—=—"""0
P 1200kgm

3
vV :fﬂfo3 — >, :e,/ﬂ = 3/M =0.08603m
3 A 4

The Fourier number is

=0.002667m?>

ot _ (0.91x107" m?/s)(2x3600+45x60)s
r.? (0.08603m)?

0

=0.1217

which is somewhat below the value of 0.2. Therefore, the one-term approximate solution (or the transient
temperature charts) can still be used, with the understanding that the error involved will be a little more
than 2 percent. Then the one-term solution can be written in the form

To-T. _ o, 60-163_
T, Ty, 45-163

Oo son = 0.65 = Ale—zf(o.nﬂ)

It is determined from Table 4-1 by trial and error that this equation is satisfied when Bi = 30, which
correspondsto A, =30372 and A; =19898. Then the heat transfer coefficient can be determined from

Bi = hi_)h _ kBi _ (0.45W/m.°C)(30)

k r, (0.08603m)

=156.9W/m?.°C

This value seems to be larger than expected for problems of this kind. This is probably due to the Fourier
number being less than 0.2.

(b) The temperature at the surface of the rib is

Oty 1) g = T, 0)-T, _ Ale_ﬂizr sin(4fo /o) _ (1.9898)e’(3'°372)2(0'1217) sin(3.0372rad)
T, T, A, I, 30372
T(r, t)-163

=0.0222—>T(r,,t) = 159.5°C
45-163
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(c) The maximum possible heat transfer is
Qmax =MC, (T, —T;) = (3.2 kg)(4.1kJ/kg.°C) (163~ 4.5)°C = 2080kJ

Then the actual amount of heat transfer becomes
Q _ 1-30, sin(4,) —/131 cos(4,) _1-3(065) sin(3.0372) —(3.03723? €0s(3.0372)
Qrax ' o (30372)
Q =0.783Q,x = (0.783)(2080 kJ) = 1629 kJ

=0.783

(d) The cooking time for medium-done rib is determined to be

T -T, 71-163

0P T T, 45-163

ar,? _ (0.1336)(0.08603m)’
a (0.91x107" m?/s)

(1.9898)e G037 __ . _0.1336

= Ale_j'lzr —_—

t= =10,866s=181min=3hr

This result is close to the listed value of 3 hours and 20 minutes. The difference between the two results is
due to the Fourier number being less than 0.2 and thus the error in the one-term approximation.

Discussion The temperature of the outer parts of the rib is greater than that of the inner parts of the rib
after it is taken out of the oven. Therefore, there will be a heat transfer from outer parts of the rib to the
inner parts as a result of this temperature difference. The recommendation is logical.

4-44 A rib is roasted in an oven. The heat transfer coefficient at the surface of the rib, the temperature of
the outer surface of the rib and the amount of heat transfer when it is well-done are to be determined. The
time it will take to roast this rib to medium level is also to be determined.

Assumptions 1 The rib is a homogeneous spherical object. 2 Heat conduction in the rib is one-dimensional
because of symmetry about the midpoint. 3 The thermal properties of the rib are constant. 4 The heat
transfer coefficient is constant and uniform over the entire surface. 5 The Fourier number is t > 0.2 so that
the one-term approximate solutions (or the transient temperature charts) are applicable (this assumption
will be verified).

Properties The properties of the rib are given to be k = 0.45 W/m.°C, p = 1200 kg/m®, C, = 4.1 ki/kg.°C,
and o = 0.91x107 m?/s

Analysis (a) The radius of the rib is determined to be

mepv— v =M__32K8 4 00067m?

P 1200kgm®

3
Vv =£7ﬁ03 — 1, = il _5/3(0.00267m7) _ ) hes03m
3 Az A

The Fourier number is

, Oven
7 °
ozt2 _ (0.91x107" m /S)(4><36200+15>< 60)s _ 01881 163°C
r (0.08603m)

o

which is somewhat below the value of 0.2. Therefore, the one-term approximate solution (or the transient
temperature charts) can still be used, with the understanding that the error involved will be a little more
than 2 percent. Then the one-term solution formulation can be written in the form
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To-T iy 77-163
9 — 0 © _ e LT L S
0P T T A 45-163

=0.543= Aje 4 188D

It is determined from Table 4-1 by trial and error that this equation is satisfied when Bi = 4.3, which
corresponds to 4; =2.4900 and A; =1.7402. Then the heat transfer coefficient can be determined from.

gi_ Mo o _KBi _ (045WIMSC)(43) _ ) i o
k r (0.08603m)

(b) The temperature at the surface of the rib is
0Ty, V) pn = T(r,1)-T, _ Aie"iizf sin(A,1, /15) _ (1_7402)e_(2.49)2(0.1881) sin(2.49)
T,-T, At 11y 2.49
T(r,,t)-163

=0.132——T(r,,t) =142.1°C
45-163
(c) The maximum possible heat transfer is

Qmax = me (T, —T;) =(3.2kg)(4.1kJ/Kkg.°C)(163—4.5)°C = 2080kJ
Then the actual amount of heat transfer becomes

Q ~1-30, sin(4,) — A, cos(4,)

Qmax ﬂ’ls
Q =0.727Q,,,, = (0.727)(2080kJ) = 1512kJ

sin(2.49) — (2.49) cos(2.49)

3 =0.727
(2.49)

=1-3(0.543)

(d) The cooking time for medium-done rib is determined to be

To-T.. e 71-163
= =A™ ——
Osh T T, A 45-163

> (0.177)(0.08603m)>
a (0.91x107" m?/s)

= (17402 @4t 120177

t=

=14,403s=240.0min=4hr

This result is close to the listed value of 4 hours and 15 minutes. The difference between the two results is
probably due to the Fourier number being less than 0.2 and thus the error in the one-term approximation.

Discussion The temperature of the outer parts of the rib is greater than that of the inner parts of the rib after
it is taken out of the oven. Therefore, there will be a heat transfer from outer parts of the rib to the inner
parts as a result of this temperature difference. The recommendation is logical.
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4-45 An egg is dropped into boiling water. The cooking time of the egg is to be determined.

Assumptions 1 The egg is spherical in shape with a radius of ry = 2.75 cm. 2 Heat conduction in the egg is
one-dimensional because of symmetry about the midpoint. 3 The thermal properties of the egg are
constant. 4 The heat transfer coefficient is constant and uniform over the entire surface. 5 The Fourier
number is T > 0.2 so that the one-term approximate solutions (or the transient temperature charts) are
applicable (this assumption will be verified).

Properties The thermal conductivity and diffusivity of the eggs can be approximated by those of water at
room temperature to be k = 0.607 W/m.°C, a.=k/ pC,=0.146x10"° m?s (Table A-9).

Analysis The Biot number is

_ hry _ (800W/m?.°C)(0.0275m)
k (0.607W/m.°C)

Water

Bi =36.2

The constants A, and A, corresponding to this
Biot number are, from Table 4-1,

4, =3.0533 and A, =1.9925

Then the Fourier number and the time period become

To-To, _ pe-ir _,00-100
T,-T, 8-100

Oo.sph = — (1.9925)e 39539t __ . _ 01633

which is somewhat below the value of 0.2. Therefore, the one-term approximate solution (or the transient
temperature charts) can still be used, with the understanding that the error involved will be a little more
than 2 percent. Then the length of time for the egg to be kept in boiling water is determined to be

% (0.1633)(0.0275m)?

— 7. —846s=14.1min
a (0.146x107° m*/s)
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4-46 An egg is cooked in boiling water. The cooking time of the egg is to be determined for a location at
1610-m elevation.

Assumptions 1 The egg is spherical in shape with a radius of ry = 2.75 cm. 2 Heat conduction in the egg is
one-dimensional because of symmetry about the midpoint. 3 The thermal properties of the egg and heat
transfer coefficient are constant. 4 The heat transfer coefficient is constant and uniform over the entire
surface. 5 The Fourier number is t > 0.2 so that the one-term approximate solutions (or the transient
temperature charts) are applicable (this assumption will be verified).

Properties The thermal conductivity and diffusivity of the eggs can be approximated by those of water at
room temperature to be k = 0.607 W/m.°C, a.=k/ pC,=0.146x10"° m?s (Table A-9).

Analysis The Biot number is

Bio Mo _ (800W/m?.°C)(0.0275m)

k (0.607 W/m.°C)

Water

=36.2

The constants A, and A, corresponding to this
Biot number are, from Table 4-1,

A, =3.0533 and A =1.9925

Then the Fourier number and the time period become

TO _Too _ Ale_ﬂ,lzr 60-94.4
T, -T, 8-94.4

Oo.5pn = = (1.9925)e Bt __ . 01727

which is somewhat below the value of 0.2. Therefore, the one-term approximate solution (or the transient
temperature charts) can still be used, with the understanding that the error involved will be a little more
than 2 percent. Then the length of time for the egg to be kept in boiling water is determined to be

w,>  (0.1727)(0.0275m)?

t= % 2
a (0.146x107° m*/s)

=8955=14.9min
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