Non-Flow Thermodynamic Processes
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CONSTANT VOLUME NON_FLOW PROCESS
Q=AE+W

W:deV =0
Q:mx(uz—ul):mXCV(Tz—Tl) kJ, BTU
q=2 =y, u, = [, dT  kl/kg, BTU/Ib

m
du =c dT

CONSTANT PRESSURE NON-FLOW PROCESS
Q=AE+W

W =p[dV=mxp|dv=mxpx(v,~v,) kI, ftlb,

W= W_ (p,v, —p,v,) =Rx(T, -T)) kl/kg,ftlb./lb_
m

Q=mx(u, —u,)+mx(p,v, —p,v,)
q:(uz +p2V2)_(ul +p1V1)

q=h, -h, :IcpdT

dh=c dT



Constant Temperature Non-Flow Process

pv(l) = constant

by _ %
P v
Q=AE+W First Law,Non- Flow Closed System

AE =0

Q:_[PdV Q=mRTIn sz:mRTln£V2j
pV =mRT Ideal Gas Law Vi Yi
mRT Q=mRTIn sz mRTln(p ]
P= \S |
mRT \%
Q= j— dVv qQ= plvlln[vfj
Q=mRT InV

_PVo 1V
q=RTInV 1= ln(VIJ



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 1t3?
Q=AE+W

AE =0
Q=W

q=RT 1n£V2) —RT ln[Vz]
M Vi

225
=55.17x760x1In| ——
2 ! ( 40 j

g =—24,115.ft—1bf/lbm

0= —24,1151t —1bf/Ibmx 3 Ibm

778ft—1b/BTU
Q=-93.29BTU

Also:

q=RT ln(plj
P

22.51t3 40 ft3 V ft3
’



POLYTROPIC PROCESS

pv' = constant

n _ n
PiVi =P,V,

Ps _ [V_j
P, Vs
substitutefrom pv =RT

n-1

n—1 —
1 \L! P,

Wzm_[pdVZmJ cv 'dv=

—n+1

CV

l-n

W= m(p,v, —p,v,) _ mR(T2 _T1)

l—-n

Q=AE+W
q=Au+w

T

/ﬁ\

-T

J

1—

" R(T T)

n



ADIABATIC PROCESS, Q=0

Q=AE+W First Law, Non- Flow Closed System
q=Au+w

O0=c dT +pdv

T= bY Ideal Gas Law
R
dT = %(Vdv+ pdp)

C C
0=—Ypdv+—Lvdv+pdv
Rp R P

O:(C_V+l)dv+(cvjdp
R \% R)p

(L + ljln v+ (%jln p = Constant

pVk = constant



ADIABATIC PROCESS

Q=0, ka = constant

ka = constant

kK .k
P,V, =PV,

substitutefrom pv =RT
k-1

k-1 ~
T, \& P

Q=AE+W=0
q=Au+w

w =Au:J‘chT:cV(T2 -T,)

W= CV(pzvz _PyVy
R R

R=c, —c,
wW=cC, Tl[p—zj
Pi
c R

w=— xT,
C.—C

p A%

k-1
k

P,

P,

1
:

j=ﬁ(p

-1

k-1

WZLRXT1 (—j —1



K k
PVi =PV,

k
P, _ [V_j
P Vi
p, =p,(10)"*

p, =14.7ps1ax25.11
p, =369.3psia

k-1

T, _ (p_j
T, P,
1.4-1

T, =(70+460)25.11) 1a
T, =1331°R
Q=AE+W

Q=0

W = AE

W:rnch(T2 —Tl)

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 l R xT, Y —1
k-1 v,

1

W= 5x- 53.35%530((10)*" —1)

W =53,4371tlbf

53,4371tlb

773 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 =00 n=1 n=n
pv" = const.
pv, T — n __ n
Property Q — V2 Q — Py | PV = PrYs PVi = PV,
Relationships -1
LT vy I p T n-1 nT
L _ (Vj _ LPJ
I Vi 4
c (T, -T c, (T, -T k—n
q,heat p( 2 1) ( 2 1) p1V1 ln V_2 :Rlz—i ln ﬂ Cp (];_T)
energy/mass v, P, 1—n
k 4 _ _
. wer (v, =v,) Py ln[—zJ =RT m(ﬂ] P, —pv _ R, 1)
wszdv 0 Vi P> l1-n I—n
energy/mass
c, =R+c c,=c —R
Specific Heat | 7 Y voor
c.,C Rk R
P>y cC =—— c,=——
Pok—1 k—1
C . . .
** for n =k =—, theprocessisadiabatic

C

v




