Hw1-- Air lock--Soln.MCD Thermo Il Homework 04/01/97

Homework Set #1 Solution
Thermodynamics Il
Due: 1-30-97

Homework 1, Problem 1:

The airlock to the containment of a nuclear power station is at 14.7 psia, 70°F. The airlock is
insulated. Over some period of time, the air lock is pressurized to 12 psig from an air header that is
at 50 psig, 50°F. Calculate the final temperature in the air lock. The air lock volume is 80 ft3. Solve
first using constant specific heats and then again using temperature dependent specific heats.
Compare the two solutions. When solving using constant specific heats, formulate your
mathematical model so that you always end up with differences in internal energies or enthalpies.
DO NOT set h=c,*T. This is not correct, and you will receive NO CREDIT FOR THE PROBLEM!

Known quantities:

i _ 8314 joule
- : P, =22psi R
Pq =14.7-psi 2. 7°oP 4 2897 kgR
T1 =(77+460)-R Tin = (50 +460)-R

an 3 _

Vi s Va2V Piy = (50 + 14.7)-psi
Mass conservation: ¢ =1000.10ule
P kg-K

Min=ma - Mg
First law:
Q’Wa+<Hin’Hout>=U2*U1 Hin=Min'hin
Implementing the first law:

U2=Hin+U1=<m27m1>-hin+m1-u1

_(mo-my)hjpmyug
U2- m2
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Solution using the tables:

_(mg-my)hjpmyug

uz= m, Tabular data for air:
L BTU o BTU
PyVy PV uq ‘792.04-|—b hin = 119.48-T
m2(D = M1 g 7
a a'l _

Define an error function for iteration:

PoVo P1Vy
- Niprmyug
L RaT2 RaTy
F<T2,U2>‘*U2* PRV
2V 2
RaT2
L BTU ‘,
F.o-ElT ’109.21_BTU E :11.582.BTU Uoq =109.21 b T o1 =640-R
1 21 Ib 1 b
BTU
_ . .BTU  uyy:=92.04—— T, =540-R
Fp =F(T pp.up0) Fp=-0003-" = 122 b 22
T [T22mTan)

23 21 F,—Fy T 93 =583.736 'R
Use the temperature value that is closest to the
interpolated value:

BTU
Uoqp =98.9——
o . .BTU
F3 =F(T 23.Uz3) Fg= 077747E—
T3~ T2
Tog =Tog- ﬁ Fy T 54 =583.778°R Close enough
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Solution using constant specific heats:

u=h—- P-v

mo(hy—hijp)=mq:(hg—hjp)+ V1 (Pp-Pq)

PyV, _
Rdecp(Tsz"O-mlcp(TlfTm>+V1<P27Pg
. PyVacyTiy

7szchfRa{mlcp(Tlme>+Vl(P27Plﬂ

T =641513"R o~ 460-R =181.513"R

Homework 1, Problem 2:

Determine the entropy generation for the process in problem 1. Explain where and why entropy is
generated, and what it physically represents.

S~ S1F0H+MinSin=0+MySjn—MySiy

T P T Py
0=m (s~ Sip) +M1(S1-Sjn/=mp | —=|-Ryl|—=| +mycylh —= -Ryln =
in in in in

T p Tl Pl

01:m2<T2>- cpnl—=|-Rgh|—=] +mq cyh—=|-Ryln_—=

in in in in

021.414’@
R
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Homework 1, Problem 3:

A small building is 4.267 m wide, 9.144 m long, and 3.048 ft high. Heat transfer through the floors, walls,
and ceiling is proportional to the temperature difference across these surfaces, as shown in the following
equation:

Q = (UA) surface X (Texterior - Tinside)

The variable U has units of W/m2-K, and depends on the material used to build the wall. These are directly
related to the R-values you hear about. The U-values for the ceiling, floor, and walls are provided below. If
the flow rate of air into the building from the outside is such that the building volume changes once per
hour, and if there is a heater that provides 3 kW of energy to the building, calculate the building inside air
temperature.The outside air temperature is -10°C, and the ground temperature under the floor is 5°C.

. watt ‘, watt ‘, watt
U flgor -~ 0-5: 2 U ceiling -013 2 U walls =029 2
K K:m K:m
| :=9.144-m
‘, BTU _ vand .
W =4.267-m Q = 100000 o QpK=2931'10" ‘watt
h =3.048-m Q htr -~ 70000-watt T outsige -~ (-10+273)-K

T ground ~ (5 + 273)K

AW:(2|h)+2Wh Aceil =l-w AﬂOOF:IIW
— L) 2 — . 2 — . 2
AW_ 81.753*m ACE“ =39.017'm AﬂOOf =39.017°m

Mass Flow rate (needs to be a function of the inside air temperature):

_(101-kPa) . _ kg
pi(T) =) T =300-K P ,ir(300-K) =0.652*°2
ACH - L
hr
Vol =l'wh Vol =118.925'm°
md air(Tin> 1:(ACH-VOI)-pair<Tin>
kg
md .. (T ) =77.50682-9
a|r< |n> hr
Q- Wyt Hin Hgy0 W q=0-watt Hin=md gir-h oyt H ou=Md air'h room

Q=Qhtr + Qwalls t Q floor T Q ceil
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Q htr+ Q walls * Q floor + Q ceil ~ Md air' (N outside ~ N room) =0

Q walls(T) "~ U palls Aw <T outside ~ T>
Q ceil(T) =V ceiling A ceil <T outside ~ T>
Q f1oor(T) =Y figor A floor’ <T ground ~ T>

P kg-K

F(T) = Qhtr + Qwalls(T) + Q floor(T) + Q ¢eil(T) + md 4 (T)-C - <T outside ~ T>

T '=300:-K
T inside 3:r00t(F(T),T)

T 273-K =19.076°K (This is actually in °C)

inside —



