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Problem 1

e W =0, APE =0, AKE = 0

o State 1: Vi, = 0.5V, Viyup = 0.5V, V = 0.212m3, T; = T7.35K
e State 2: P. = 780 [kPa]

e FLOT/CM gives QinAt = AU = Miotar(vs — u1);

Qin = 4.84 W

o My, = (0.5)(0.212)/0.001237 = 85.69 [kg]

o Mo, = (0.5)(0.212)/0.2168 = 0.489 [kg]

o Mips = 86.18 [kg]

o 21 = Myap/Miotar = 0.00567

e State 1: P, = 0.101325 [M Pal,hy = 29.178 [kJ/kg| hy = 28.93 [kJ/kg], v1 =
0.00246 [m?/kg]

e State 2: vy = vy = 0.00246 [m>/kg], P» = P. = 780 [kPa]

e Find z5, = 0.00338

o Find hy = 82.23 [kJ/kg],us = hy — Pyvs = 80.31 [kJ/kg]

o At = M(uy — u1)/Qim = 914.86 x 10°s

Problem 2

e Fixed mass system: M;, = M., = 0. APE=0, AKE =0

o Consider contents and refrigerator as a heat pump operating with three temper-
atures: T;, Ty, Ty. Provide simple sketch of system with control surface.

o Refrigerator is a cyclic device: AU,cfrig =0

e FLOT/CV gives: W = Qu + Mec,(T; — T;) where contents are incompressible.
e SLOT/CV gives: AS = —Qpu /Ty + Ps where AS,cpriy =0

e Combine results by eliminating Qg to get Mc, n(Ty/T;) = —(W — Mc,(Ty —
T:)/Tw) + Ps

L] Wmin = Mcp [Tf — Tl — TH 1Il(Tf/Tl)] when 7)3 =0

Problem 3



e Volume is constant. Air is an ideal gas. Oil is incompressible. W = 0. All ohmic
heating is transferred to air.

o FLOT/CM gives: QAt = AU

o iR At = M(us —u1) = Me,(Ty — Th)

o i’RAt = Bl (T, — Ty)

o i’R.At = %c,(Py — P1) = Fc,AP
o &2 — i2ReVJZ”
ec,—c,=R, k=c,/c,

° % = i*R.(k — 1)%

Problem 4

* (a)

e Steady-state temperature rise. Qgen = Qloss
e i’R., = hPL4,,

o i’p.L/A? = hPLA,,

o J?p, = hnD4b,,

e 8., = J?p.D/(4h)

o (b) b, =209K

e (¢) Lumped capacitance solution:
6(t) = n + <—£ + (90> exp(—mt)
m m
where n/m = 0,, and m = hP/(pc, A.)

o 8(t) = 0.50,, = 10.45K, m = 0.03877/s, 6y = 0K
e Solve for ¢ to get t = —In(1/2)/m = 17.88s

Problem 5

e (i) Simple schematic should show Qdevice, Qcom,, de

e (ii) The thermal circuit consists of four temperature nodes:

Tievices Theat sink> Loy Tsurr Where Ty = Ty, and three resistors: Rpeat sinks feonv, Frad
where R.,n, and R,.,q are in parallel; both are connected to the heat sink node
Theat sinke and the nodes: T, and T,,... The heat sinks resistor is connected to the
nodes: Tyevice a0d Theat sink-

o (iii) Qdevices = Qconv + Qrad where Qdevice = 20W, Qconv = hAAT and de =
hrad AAT. Given A = 0.045m?%, € = 0.80, T = Thurr = 27°C and Theat sink =
42°C. AT = 15°C.

hyaa = (T2 + T3 (Tt + T2)/(ARyaq) with R.oq = (1 — €)/(A€) + 1/(AF12) and



F12 — ]_

hyag =5.2TW/m? - K

heony 15 unknown. Can find it value from the heat balance relation. hcopyi =
29.63W/m? - K.

Use heat balance relation again to find by trial and error (iteration) that average
heat sink temperature increases to Theat sinke = 49.6°C when the devices dissipate
Qdevices = 30W and h.on, remains constant.



