ME315 Fall 2013
Exam #1 Solutions

Sept 24, 2013

Problem 1:
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Problem 2:

(a) Draw the thermal circuit for this problem. (7 points)

R/N
WAAMNA—
Ng,
Tc Ty /-’ My
—/NVWW—o0 —7,
Renas=L/(K) |y
VWWA
Rt:onv,l:=[h(At'N)kAf)]-1

Note: Ai-N*As=A, = A-N*Ac. For each element and node point they identify
(1pt). Correctly connect the circuit (1pt).

(b) Find the conduction thermal resistance and convection thermal resistance for heat
sink baseplate, and the fin thermal resistance for individual fin. (3+3+6 points)

From 1D conduction assumption, we know
RCOHd,b:Lb/(k*A):O]- K/W (3pt)

Note: identify an equation (1pt). The equation is correct (1pt). The number is correct
(Apt).

Reonvp = L/(N*A,)=21.74 K/W (3pt)

Note: identify an equation (1pt). The equation is correct (1pt). The number is correct
(1pt).

For infinite long fin, from the expression of total fin heat loss g, = \/hPkA. 6, , we get

R =L _550K/W (6pt)

" JhPKA.
Note: identify an equation (2pt). The equation is correct (2pt). The number is correct
(2pt).

(c) Find the efficiency and effectiveness for individual fin. (3+3 points)

ur :qf/hAfgbzo (3pt)
Note: identify an equation (1pt). The equation is correct (1pt). The number is correct
(1pt).



9 _
Al _4/thA:/(hAb)_44.72 (3pt)

Note: identify an equation (1pt). The equation is correct (1pt). The number is correct
(1pt).

(d) Find the overall thermal resistance and highest temperature the device can reach
during its operation. (5+5 points)

Therefore, the total thermal resistance is

N'R.R
Rtotal = Rcond,b
conv,b

f " *conv,b

+——————=455K/W (5pt
N'R, +R (pt)

Note: setup an equation based on his/her thermal circuit drawing (2pt). The equation

is correct (2pt). The number is correct (1pt).

T.-T
CRI =, we can get|T. = QyaRow + T, = 65.5°C| (5pt)
otal

Note: identify an equation (2pt). The equation is correct (2pt). The number is correct
(1pt).

From Qy. =




Problem #3:

(a) (5 pts) Recall that the Biot number was derived from the ratio of the temperature
gradient within the object to the temperature gradient between the object and the
surroundings. Determine a new Biot number for the contact resistance case and
determine if the lumped capacitance analysis is appropriate. (Hint: You may assume the
critical length scale for the conduction resistance within the sphereis L. = R/3 = D/6 and
approximate the conductive resistance within the sphere as R...¢ = L./(k As), where A; is
the surface area of the sphere)

%/
ATconduction chond q kAS Lc _ D

3 ts Bi - = = m = =
[ p ] c AT Rc kRé! GKR!
A

contact q Rcontact q

[1pt] Bi - - 13mm ~0.072

" 2
OkR; 6(0.6W )[o.osm K]
m-K W

[1pt] Yes, a lumped capacitance approach is appropriate because Bi. < 0.1.




(b) (15 pts) Find the differential equation that describes the temperature of the M&M and
determine the chocolate temperature as a function of time. Sketch the temperature
profile making sure to label the relevant temperature and time scales including the
initial temperature [T;], your hand’s temperature [T,], and the value of the temperature
of the chocolate after one thermal time constant [T(t = t) and t] on your graph/axes.

Assumptions:
(1) Lumped capacitance valid (Bi <0.1) = T #f(r)
(2) Constant properties
(3) No generation

[2 pts] Schematic and\or general energy balance: Ein - E'Out + Egen = ESt - Ein = Est
, _ _A
[1pt] Conductive heat flux: q, = W(TH -T (t)) They may list each
' dT term in a single step
[1pt] Changeinstored energy: E; = pC V ’ry from the energy
A dqT balance for all 3 pts if
[1 pt] Differential Equation: H(TH -T (t)) =pCV ’m correct.
or - Sﬂ:pCpV Z—f,where
0=T-T,
1

[2 pts] —Ag@:pCde—e > —Lﬁdt=—d6’

RY dt PC VR, 0

> Lt =In6é+C, >

pPCVR!

0 =0, exp —Lt :@exp(_lj
pPCVR! T

(Derivation or recognizing the form from lumped capacitance model are
acceptable)

[2 pt] Time Constant:
-1

-1
() || -
pC VR! 6

4 3pr
pC, gm’ R;

(1300 k%3)(1500 YK )(13mm)(0.05 K|
6

=211.25s




olt=r) exp(-1) =0.367
[2 pt] o

T (t=1)=34°C +(20°C —34°C)(0.367) % 28.9°C

T [2 pt] Curve Shape Correct (exponential)

Ty =34°C e """""""""""""""""""""""""""" [Lpt] T> Tyast>eo
T (7)=28.9°C|- s

~73% of temperature rise within

1 thermal time constant.

L0 ol (S——— AN 2 —— [1pt] T=T att=0

0 r=2112.55 t

(c) (5 pts) How long you would need to hold the M&M before it began to melt?

T,—T
[3pts] 6,=T,-T, =6, exp n > t, =-rlog| 2—
T T-T,

30°C —34°C

2pts] 1, =—(211.25)lo
2pte] 1, =~(211.25) g(20%—3400

j = 264.6s

(d) (10 pts) Assuming that the temperature inside your mouth is also T, = 34°C, explain why
might the M&M begin to melt in your mouth within about 10 seconds? Calculate the
Biot number for this case and determine if the lumped capacitance approach still valid
for this condition?

[5 pts] Thermal time constant is significantly reduced (t~10s). Considering the
parameters in T, the only value that could likely change is R”.. Thus, decreased
contact resistance could explain reduced time constant.

[1 pts] Assuming that lumped capacitance model still applies, calculate the new
boundary resistance:

AT SN 6(10s) _00024™ K
6 " pCD (1300"%3)(1500 Yo K)(lem) W
[1 pts] Calculate the new Biot number: Bi, = D” _ (13mm) _15
oRk 6[0.0024 mWK J(o.sw/n )

[3 pt] No, the lumped capacitance is no longer valid since Bi > 0.1.



Some students may intuitively get to the answer that lumped capacitance
approach is not valid without strictly calculating the new Bi number and R” and

could receive the 3 pts for their answer (if justified logically), but not the 2 pts for
calculating R” and Bi..

Note, that the calculated new R” is not necessarily valid because equation for
time constant was derived from lumped capacitance approach.



