Non-Flow Thermodynamic Processes

ConstantVVolune
v =¢

Constant Pressure
ov® =c

Constant Temperature
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AdiabaticProcess
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CONSTANT VOLUME NON_FLOW PROCESS
Q=AE + W

Wz_[pdv =0
Q=mx@Uu,-u,))=mxc,(T,-T,) kJ, BTU

G=-L=u,—u,=[c,dT Kkikg, BTU/b
m

du =c,dT

CONSTANT PRESSURE NON-FLOW PROCESS
Q=AE+W

wzpjdvzmxpjd\/:mxpx(vz—vl) kJ, ftlb,

W _W_ (p,v, —p,Vv,) =Rx(T, —-T,) kd/kg,ftlb/lb_
m

Q=mx(u, —u,) +mx(p,v, —p,v,)

q :(uz +p2v2)—(u1+p1v1)

q=nh, —hlzfcpdT

dh=deT



Constant Temperature Non-Flow Process

pv' = constant

Pa _ Vi
Pr V5
Q=AE+W First Law, Non-Flow Closed System
AE=0
Q:jpdv szRTln[\\szmRTln[vzj
Y
pV =mRT Ideal Gas Law : 1
mRT Q=mRTIn [Zj mRT |n[p1j
P= \ P,
Y
j m_RT dV J= plvlln[zj
Vl
Q=m RT InV

p2 2 V2
q=RTInV 4= '”[VJ



What is the heat flow when 3 1b of nitrogen undergoes a
constant temperature process at 300 F from an initial volume of 40 {t3

to a final volume of 22.5 ft3?

P T=const

22.5ft3 40 ft3 V f.t3
]

Q=AE+W
AE=0
Q=W

q=RT |n(v2]=R T |n(v2]
Vy Vi

q =955.17x760x IH(EJ
40

g = —24,115.ft — bf/lbm
—24,115ft — Ibf/lbmx 3 1bm

Q= 778ft—1b/BTU
Q=-93.29BTU
Also:

q=RT In(&]
P,



POLYTROPIC PROCESS

pv" = constant

n n
P,V =P,V,

&:(ﬁ]”
P, v,

substitutefrom pv=RT

n-1

n-1 —
)
Tl V2 pl

-n+1

CvV

1-n

W= MY, —py;) _m R(T,-T,)
1-n 1-n

Q=AE+W

q=Au+w

W=m_[pdv=m_[ cv'dv=




ADIABATIC PROCESS, Q=0
Q=AE+W FirstLaw, Non-Flow Closed System

g=Au+w
O0=c,dT+pdv
TPV

|deal Gas Law

dT = % (vdv+pdp)

C C
0=—Lpdv+—Lvdv+pdv
R ¥ R ¥

o2 )
R Y R)p

(Lﬂjln v+(ijln p = Constant
k K

pv* = constant



ADIABATIC PROCESS

Q=0, pV* =constant

pv* = constant

k k
PV, =pP,V,

Kk
P, _ (v_j
Pp Vs
substitutefrom pv=RT

k-1

k-1 =
(o)
Tl V2 pl

Q=AE+W=0
g=Au+w
w=Au=[c,dT=c,(T,-T,)

vV v 1
W:Cv(pz 2 P zj: _1(p2V2_p1V1)

R R
R=c,-c,

Kk




K K
P,Vi =P,V,

k
&{ﬁ]
P V)
P, = p1(10)1.4

p, =14.7psiax25.11
p, =369.3psia

k-1

L{&]k
T, P,

T, = (70+460)(25.10) 14
T, =1331°R
Q=AE+W

Q=0

W = AE

W=mxc,(T,-T,)
W =.5x.17(1331-530)
W =68.09BTU

S1b_, of air presentin a gasolineenginecylinder,which

has a compression ratioof 10 (V,/V, =10),
is compressedadiabatically from 70° F and 14.7psia.

Whatwork is required? Whatis the final temperature

and pressure?

Alsoby formula:

k-1
W=mx——RxT| 2| -
k-1 Vv,

1

W= 55335 530(10)** -1)

W =53,437ftlbf

53,43 7ftlb

778 ftlb

BTU

W= =68.8BTU



NON-FLOW EQUATIONS FOR AN IDEAL GAS

Process Constant Constant Constant Temperature Polytropic Process **
Pressure Volume
n exponent in n=0 n=0ao0 n=1 n=n
pv" = const.
p,v, T — n __ n
Property 5 — V_2 5 — & PV1 = PV PV = PoVs
Relationships -1
o L p T n-1 %
L _ LV] _ Lp]
I V1 P
c (I,-T) |c (-1, k—n
q, heat p( , 1) (= 1,) pv, I Yo | _ RT,In P ¢, (T,-T)
energy/mass v, D, 1-n
1%
w, work )2 (v2 — vz) A In[—zj =RT, |n[&j P, —pvi _ R, -T))
w:jpdv 0 V1 P> 1-n 1-n
energy/mass
=R+ c,=c —R
Specific Heat “p < v P
R R
cp ] Cv C — k CV o R
k-1 k-1

C o
** for n=k =—", the processis adiabatic
C




