TYPED INDIVIDUAL WORI

SUBMIT TO BLACKBOARD W/
SOLUTION AND SPREADSHEET/MATHLAGB
DUE FRIDAY WEEK #2, 10:00 AM




MECH-420 with Dr. Berry has pushed me to
limits I did not know I had. But I can say MECH-420
with 100% certainty I am a better student Heat Transfer
and will be a better engineer as a direct
result of it. Taking this course with Dr. Berry
A was a blessing. You will work hard in this
A course, but you will MASTER the concept as

KNOWLEDGE YOU SEEK, DO YOU?
DO OR DO NOT. THERE IS NO TRY

A they apply to the real world.



HOMEWORK

FOLLOW THE PATH

1.The comet Centaur is headed straight for a BLACK HOLE
emitting thermal radiation causing the temperature of
comet to be measured as:

T(x,v,z,t)=Q2xt+12y°x°zt "> =34y’ xz’) K
Where “x,y,”z are in meters, and “t” is in seconds.

a. What are the units on the constants “2”, “12”, and
1134”.
b. Determine the expression/relationship for the Time

Rate of Change of Temperature %(K /s) for the

doomed comet Centaur and VERIFY the units on each term.

Tuesday,

FOLLOW THE PATH February 2,
20XX




UNIT ANALYSIS

T(x,v,z,t)=2xt +12y°x°zt "> =34y’ xzt’)[K]
[K]=2[][m][s]

_ K] K

- [m][s] m—s

2[]

[K]1=12[][m’][s]"
£kl K

12]]= [ |[s] "2 T

[K]=34[1[m][s"]

34[] = [SK]3 = SK 3
[m™][s"] m —s
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TIME RATE OF CHANGE
T(x,y,z,t)=(2xt +12y°x°zt "> =34y °xzt’)[K ]

ll))T =2x—1/2%12%y°x’zt 7" =3%34%* ) xzt’
[

=| 2x=6y"x* 7 =102y xzt” |[7]

ENTER UNITS

K
_}Vf(—S_l/z )
Voxz[pf 1[5
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HOMEWORK g3

2. FIND MOST GENERAL SOLUTION  Blackboard

d—S +285 = sin(3ﬂ) + cos(ﬂ),L = last 2 digits of ID + 10
dx L 2L |

S(x)="

INITIAL CONDITION

S(x=0)=20

FIND EXACT SOLUTION

Plot S(x);0 < % <1




s +28 = sin(37z—x) + cos(ﬂ)
dx L 2L

GENERAL SOLUTION

% s p(X)y = f(x)
X

y(x) _ Ce—jp(x)dx N e—jp(x)de‘ej+p(x)dxf(x)dx
C = Arbitrary Constant of Integration Obtained

=S8, p(x) =2, f(x) =sin(>

TX
— ) + COS(——
;) Feos)

3rx TX
S(x)=Ce ™ +e | ™| sin(—/—=) + cos(—) |dx
(%) | [ =) (2L>}
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37X TX
S(x)=Ce > +e > | e | sin(—=) + cos(—) | dx
(%) | () reosGp)

STANDARD INTEGRATION FORMULAS

ax

e
a’ +b*

ax

e
a’ +b*

| e sin(bx)dx = asin(bx)—beos(bx)]

je"x cos (bx)dx =

[a cos(bx)+bsin (bx)}




3rx TX
S _ C -2x + -2x 2x . V4 s d
(x)=Ce e I e [sm( 7 ) cos(zL)} X

MOST GENERAL SOLUTION

e RY/4 3 3

S(x)=Ce ™ +e' = 28In(—x) ———cos(—x)]

(3;,) L L L
4+ 2%
L

2x
Oy e T 7T T
+e 2cos(—x) +——sin(—ux
[ 7 2CO8(ox) o sin(——-x)]
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EXACT SOLUTION
INITIAL CONDITION:@x=0,S(x=0)=S,

e . 37 3 3z
> 2sin(— x) ——COS(T x)]

4{7) Lot

2x
—2x e T T . JC
+e 2cos(—x)+—sin(—x
[ = (2L ) 2L (2L )]

S(x) = Ce™ + e_zx[




TRUST THE PATH

3. A spherical shell of inner radius "r," and outer radius "r," serves as radiation containment vessel

is exposed to a convective fluid, T, (r,) = 300K, and convective heat transfer coeff. "h=25W/m’-K".

The internal material has a volumetric heat generation rate defined as:

Q(r)zsgen(r)[ v } =35, [KJ(ZO+4); 0<r<mn,
m v

m : _
r=2.5m,r, =5m,S, =20kW / m’. Blackboard
4 3 Chemical reaction
Istphere :gﬂ'l" ,ﬁnd. 7

a) Total heat generated [W], <=4
b) steady state surface temperature T (S,,1,,L,)

¢) Plot T (S,.1,,1,)vs 1, as 0<r, <4.5m H ]
(submit typed PDF solution and spreadsheet/ MATLAB) Ambient air

T, h

Control volume B

Tuesda
February g,‘,ontrol volume A,

20XX




4
S () [KJ =S, [13} Q0+);0<r<r,
m m r

1
n=2.5m,r,=5m,S, =20kW /| m’.

4

IfV. ,  =—7z find:E_ =2
3 gen

sphere

= dxridr

1

K}ﬂ/,dV

3 sphere
m

E,, = Is (r)
0

" 4 , w , 70
E, =4rS, [@.0+=ydr =4xs, — [.0r* +—)dr
0 0

h h

7
r

2L T
[ 7’/14 ]O—r1

Egen =4rS,

Sw|§l Isw|§ §L")|§I I§w|§

Egen =47,

LN N
|:§(”i )+7(I"14):|[m ]

.

Egen =4z,

2 1 w 14 3
PE+) =418, | — |r’ (—+—
1 3+2) 0|:m3:| R

/4

gen 3
m

E (So,rl):47zs{

Il

Ambient air

T.%

Chemical reaction

Control volume B
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EXTERNAL STATE SURFACE TEMPERATURE

: w 17 68 W
Egen(Soa’i) =473, [%} 13 1 = 1 7S, [ﬁ}rf[ms]

External Surface Temperature (T(r=r,))
Egen(Soari) = Eout = }7/10(7" = 7"2)(7; _Too)
E,.(Sy1)

gen

Chemical reaction

— +T =T(S,,7,
hAO(I":VZ) o0 s( 07"17"2)

A, =4nr,

68 w

E”So |:ms:| r[m’]
w

K

Ambient air

+Too :T;(SO’FDFZ)

(i_z47zr22 )[

]

=0-4.5m,r, =5m,S, =20kW | m’,h =25 v
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X
]
i

External Surface Temperature vs Inner Radius

4000 30000
3500 1 L 25000
68 w5
3000 - 217ZS0 — |\ m’]
m L 20000
— W +Too:];(S0’rl’r2)
2500 - (h drr) )[]
K - 15000
2000 -
L 10000
1500 -
1000 - L 5000
500 - L o
0 1 1 1 1 1 1

—0— 1 [m] vs Ts [K]
—0— 1 [m] vs EGEN [W]

FOLLOW THE PATH

Inner Radius (r1)

Egen(SO”/i) = Eout = %AO(I/ = 7"2)(7; _Too)

m W/m3 W/m2-K
r2 SO h
5 20000 25
m kw K kW
n | eeen | T | geonv |
0 0.00 300 0.00
0.5 25.43 303.2381 25.43
1 203.46 325.9048 | 203.46
1.5 686.66 387.4286 | 686.66
2 1,627.64 507.2381 | 1,627.64
2.5 3,178.99 704.7619 | 3,178.99
3 5,493.30 999.4286 | 5,493.30
3.5 8,723.16 1410.667 | 8,723.16
4 13,021.15 | 1957.905 | 13,021.15
4.5 18,539.88 | 2660.571 | 18,539.88
5 25,431.94 | 3538.095 | 25,431.94
®sday,
February 2,

20XX
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