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CM3120 Module 2—Cooling of a recently manufactured part

Example: Brass parts (oddly shaped, mass M with surface area S ) are
ejected at regular intervals from a machine that fabricates them. When
ejected, the very hot parts at temperature T, enter a moving air stream
where the air temperature is Ty,;;. Create a model that will allow us to
calculate the temperature of the part as a function of time. Using
Excel, calculate T (t) for the parts.
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t<O0 M = mass

S=surface area
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CM3120 Module 2—Cooling of a recently manufactured part

t<0 M = mass

S=surface area

t>0 Cooling in air

Forced convection, h, Ty,
oS Y

C.V.
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Unsteady Macroscopic Energy Balance
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Unsteady Macroscopic Energy Balance o (Usys + Exsys + E

= —AH — AE;, - AE, + W
Qin = Xi qini comes from a variety of sources:

. dT CoﬂdUC'ﬁA\ 745 4; s
* Thermal conduction: q;, = —-kA;l—x- /V\C/Vd(d ’;

'a)
e.g. device held by bracket; a solid phase that extends through d *
boundaries of control volume Q7 el

™\ * Convection heat xfer: |qin| = |RA(T), — T)| [‘)rleaﬁtllk

e.g. device dropped in stirred liquid; forced air stream flows past,
natural convection occurs outside system; phase change at boundary

e 4 _ o
4 ° Radiation: Qdin = SGA(Tsurroundings Tsurface) S-B constant:

e.g. device at high temp. exposed to a gas/vacuum; hot enough to o= 5-6MZ 6 X
produce nat. conv.=possibly hot enough for radiation " 1078

X Electric current: q;, = I’R,;,.L

e.g. if electric current is flowing within the device/control volume/

system 770 tlechic pokntial

hemical Reaction: q;, = §

raxn Vsys

e.g. if a homogeneous reaction is taking place throughout the
device/ control volume/system i
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CM3120 Module 2—Cooling of a recently manufactured part

SR CreS g”s.. / ZHS -2 S=surface area

ué, &
T

/

(M 7* Y P2 49/,

= hS(Tyuir —T) + €0S(Thyy — T*)

5

Solve for T(t)

(Excel)
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CM3120 Module 2—Cooling of a recently manufactured part

©
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CM3120 Module 2—Cooling of a recently manufactured part

S=surface area

i t
dr’ ,
j hS s\ ] o
_ rf 1o 14 [ €O
K :DO [T (M C'V) o (M CV) ] ’
/ T
We can use F 7 ) jf(T,)dT,=
trapezoidal rule to :
integrate f(T) in
Excel FT) = P e S
D, — .8_0-5;
I 2 MG,y

‘area = Eh(Bl +B;)
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