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(b)	
  
	
  

Stability limit for 2-D explicit method: !t "
!x( )2

4!

!x( )2

4!
=

!x( )2

4 k
!Cp

=
0.01m( )2

4 #
100W /m$K( )

2000 kg /m3( ) 300 J / kg$K( )

= 0.15 sec

%!t " 0.15 sec

	
  

	
  
	
  
(c)	
  
	
  
T1

P = T2
P = T3

P = T4
P = T5

P = T6
P = 300 K and T7

P = T8
P = 400 K

T! = 500 K

"x = "y = 0.01m and "t = 0.1s

Fo = k"t
!cP"x

2 =
100W /m#K( ) 0.1 s( )

2000 kg /m3( ) 300 J / kg#K( ) 0.01m( )2
= 0.167

!q =106 W m3 and h =100W m2K
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P+1 = 316.8 K
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P+1 = 311.7 K
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P+1 = 301.5 K
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  is	
  suitable	
  because	
  the	
  stability	
  limit	
  for	
  the	
  
given	
  situation	
  is	
  Δt	
  ≤	
  0.15	
  sec.	
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(b)	
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  the	
  length	
  of	
  the	
  rod,	
  L	
  =	
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q = !q !V = !q ! !D1
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4 ! 15W /m"K( )

= 544.99 K $ Tc = 545.20 K

	
  

	
  
	
  
	
  

Tc = 545.20 K and T1 = 544.99 K 	
  
	
   	
  

!"#$#%&&#'#
("#$#&)%#

!*#$#+#'#
(*#$#&)"#

!"#$%&% '$% '(% !"#(%

1!!1
A1!1

1
A1F12

1!!2
A2!2



	
   8	
  

(c)	
  
	
  
!Ein ! !Eout + !Egen = !Estore
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Problem	
  3	
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  thickness	
  of	
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(b)	
  
	
  
!!qconv = h Ts "T#( )
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(c)	
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Problem	
  4	
  
	
  
(a)	
  
	
  

	
  
	
  
	
  

(b)	
  
	
  

Nu = 0.3+ 0.62Re1 2 Pr1 3

1+ 0.4 Pr( )2 3!
"
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4 5

Re = !uD
µ

=
0.94 kg m3( ) 5 m s( ) 0.2 m( )

218.10/7 N % s m2 = 4311.93

Nu = 0.3+
0.62 4311.93( )1 2 0.7( )3
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4 5

= 33.858 = h %D
k

=
h % 0.02 m( )
0.031W mK( )

0h = 52.48W m2K

qconv = h T1 /Th( )Ah; Ah = !DhL

qconv = h T1 /Th( )Ah = 52.48W m2K( ) 375 K /350 K( )! 0.02 m( ) 0.1m( )= 8.24353W

	
  

	
  

!qconv = 8.24 W (into the hotdog) 	
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(c)	
  
	
  
!Ein ! !Eout + !Egen = !Estore

!Egen = !Eout = 0

!Estore =mCp
dT
dt

= 0.03 kg( ) 2500 J / kg!K( ) 0.25 K / s( ) =18.75W

!Ein = qconv + qrad

" !Estore = !Ein = qconv + qrad # qrad = !Estore ! qconv =
Eb,b !Eb,h

Rtot
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Rtot =
1!!b
!bAb

+
1!!h
!hAh

+ AbFbh +
1

AbFbR
+
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!
+Th

4
*

+
,
,

-

.
/
/

1
4

= 586.6 K

	
  

	
  
	
  

!Tb = 586.6 K 	
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