2.3 a.

One kilogram of steam contained in a horizontal frictionless piston and cylinder is heated
at constant pressure of 1.013 bar from 125°C to such a temperature that its volume dou-
bles. Calculate the amount of heat that must be added to accomplish this change, the
final temperature of the stear, the work the steam does against its surroundings, and the
internal energy and enthalpy changes of the steam for this process.

. Repeat the calculation of part a if the heating occurs at constant volume to a pressure that

is twice the initial pressure.
Repeat the calculation of part a assuming that steam is an ideal gas with a constant pres-
sure heat capacity of 34.4 J/mol K.

. Repeat the calculation of part b assuming steam is an ideal gas as in part c.
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(a) By an energy balance, tlﬁ"bicyole stops when final potential energy equals
initial kinetic energy. Therefore
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or h=1.57 m.

(b) The energy balance now is
%mv} = -2l—mv,-2 +mgh, or v} =V} +2gh

km

2 2
v}=(2o —) +2x9.807ix70mx( am x36°°S°°)
hr 2

sec 1000 m hr
v, = 134.88 km/hr. Anyone who has bicycled realizes that this number is much

too high, which demonstrates the importance of air and wind resistance.

The velocity change due to the 55 m fall is

m km >(3600560)2
sec? 1000 m hr

vy = 118.24 ki/hr. Now this velocity component is in the vertical direction. The

(Av?)=2x9807

x55mx(

initial velocity of 8 km/hr was obviously in the horizontal direction. So the final
velocity is

v=y2 02 =11851—kh%

(a) System: contents of the piston and cylinder
(closed isobaric = constant pressure)
MB.: M,-M,=AM=0=>M,=M=M

E.B.: le72—M10,=Mﬁ‘jo 0+ i"° [ pav
M(U,-U,)=Q-[Pav =Q-P[dV = Q- P(V,-V))
M(U,~U\)=Q~ PM{V, V)

Q= M(U, ~U,)+ M(PV, - PV) = M[(U, + P¥,)-(U, + PR
= M(H, - i)
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P =1013 bar = 0.1 MPa

4 U A
T=100 16958 25067  2676.2
T=150 19364 25828 27764

Linear interpolation
T=125C 1.8161 2544.8 2726.3 Initial state

Finalstate  PwmOlMPa, ¥, = 36322 m’/kg

T=500°C  3.56% 3488.1
T=600°C  4.028 3704.7
Linear interpolation
363223565 T ~ 500
- T, =5145°C
4028-3565  600-500 2
5145-500 _ A, -3488) f1, =35195

600—500 37047 — 34881
0 =1 kg(35195~27263)k)/kg = 7932 kJ

W= PdV =-1barx(V; - ¥) = ~1 bar x (36322 - 18161) m’/kg

= ~1barx100,000 22 x X8 1]

x 18161 m*/k
bar m-s?-Pa m’-s’-kg /g

=-1816 kl/kg

(b) System is closed and constant volume
MB.: M,=M;=M

N N 0 0 0
EB: MU,- MU, =apAfl) +0+ /% —| 26V
0=M(0,-0))
Here final state is P=2x1013bar~02MPa; V, =V, =18161 m’/kg

(since piston-cylinder volume is fixed)
P=02MPa; ¥, =1816]

TCC) vV U
500 17814  3130.8
600 2.013 3301.4
18161-17814 _ T-500 _00347 o0 o«
2013-17814  600-500 02316
T=515C
U 31308 __ ) 408 U, =31564 kifkg

33014 - 31308
0=1kgx (31564 —25448) kJ/kg = 6116 kJ

(c) Steam as an ideal gas—constant pressure

BY, BV
=Pl AL _BY, V,=2V,; B=h
RT = RL, RT, ==

-
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-ﬁél.gﬁ%é:?&:Zx?{
n L

T, =27315+125=39815K
L,»2xT =7963K =52315°C

0= NOH = X0 BRE . 344 3/mol K x (7963 -398.15) K x —

18 g/mol 1000
= 7609 kJ
W e[ PdV u-PAV = ~F(ﬁ¥1--’!1’;—TL] = —NR(T,~T))
1000

" —-Ta—-x8.3|4x398.l5 = ~1839 kJ

(d) Ideal gas - constant volume

AL AL here V,=V,;, B =2R
RT,  RT, -

So again leL:z—P‘lL; L, =2 =7963K.
L 5

0=nNaU = 1200 8/K8 344 _5314)x (7963 —39815) x
— 18 g/mol 1000

Cy=Cp—R; 0=5770kJ

Mwa,f - Mwa,i = st = Mweight xgxlm
Mw = Mweighi =1 kg
1]

mzkg/s2

=9807)J

1kgx Go(Z; — T) = 1 kg x 9.807 m/s* x I mx

x AT =9.807

Ikgx4184 J/g K x 1020 g
= 2807y _s3mx10°K
4.184 x 1000
From Illustration 2.3-3 we have that H(7,, B)= H(T,, B) for a Joule-Thomson
expansion. On the Mollier diagram for steam, Fig. 2.4-1a, the upstream and
downstream conditions are connected by a horizontal line. Thus, graphically,
we find that T~ 383 K. (Alternatively, one could also use the Steam Tables

of Appendix I1L.)




