Thermofluid Processes

Reversible Non-Flow Process
4+ Constant volume process =>no work (as rigid vessel)
Q2= (U2 —U1) + W = Uz —Us => (U -Uy)
0
=mcy (T2—Ty)
+ Constant pressure process: boundary moves (isobaric)

W1—2:\.If pdv= p\_f dv=1p (v, -V,)

Q1-2: (Uz'ul) + W1-2: (Uz'ul) tp (Vz - Vl)
=(U,-pV,)-(U+pv)=h,-h=H,-H,

=m Cp (TZ-Tl)
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.05 kg heated at 2 bar until V, =.0658 m*

(a) Steam initially dry saturated h; = hg = 2707 kJ/kg at 2 bar

V2= Vol m = 0658/ .05 = 1.316 m? kg
[N/ m?]
pA P2 = 2 * 105 N/m?

heat = T,=300-C, h,=23072kJ/kg

2% 10° supplied Quz = Hz — Hy = mih; - h)

=.05 (3072 -2707) = 18.25 kJ

 Wip=p(v2— Vi) =2 * 105(1.316 - .8856) Nm/kg

0.8856 v 1.316 [m¥ k] = .05*2 * 105(1.316 - .8856)* 103

=4.304 kJ
(b) Air initially at 130-C
T2 = (p2 V2)/ (MR)
p A [Nm? = (2 * 105* .0658) / (.05* .287 *10%) = 917K

Q12 =mCp(T2- Ty)

.05* 1.005(917 - 403) = 25.83 kJ

1 2 W12 =p (V2—v1) R(T2 - T1) = 0.287 *(917 - 403) kd/kg
=.05*.287 *514 =7.38 kJ
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[m*/ kg]

2*10°

%+ Const temperature (isothermal) process

2=(Uz—U1) + W1
p/\ [N/ m?] Q12 = (Uz2—Uy) 12
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+ Isothermal process for a perfect gas: pv = RT
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Joule’s Law: U, -Us=mcy (T2—Ti) =0for (T) ->isothermal process

1 Law: = (U2 —uz) +w=W

+ Reversible adiabatic non-flow process

//z(uZ—ul)+W >W=ui—u
0 as adiabatic
Perfect gas: dg=du+dw, dw=pdv
dg =du + pdv =0 adiabatic
h=pv+u, dh =du + pdv + vdp
dg=dh—-vdp=0
p=RT/v, du+ RTdv/iv=0
u=CyT du=C,dT
[ [CVdT " thv}zo
Cv InT + R Inv = const
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W=u,-u,=C(T,-T,) = —

W= ,Z[Pdv = iCdV = c{ﬂ}
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Polytropic Process:

1 (C =pv,’ = pzvzy)

W= P.Vi- P,V,

v-1

In a polytropic process the index n depends only on the heat and work quantities during the process.

n=0 pv’=p=const : isobaric

n=y pv” =constorp”’v=const, v=const

n=1 pv=constorT =const :isothermal (-

n=vy pv'=const : reversible, adiatic

=const)
T



1- A: (P) cooling

1 - B: (T) compression

1 - C: rev. adiabatic
compression

1-D" (V) heating

Irreversible processes

1- A" (P) heating
1-B'" (T) expansion

1 - C" rev. adiabatic
expansion

1-D" (V) cooling
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N

— t>0: A & B filled at a lower pressure
— B

S

(1) Unrestricted, or free, expansion

= lrreversible: extenal work must be done to restore the fluid to its initial condition

q=(u—uy)+w

g =0 -.- adiabatic

w =0 -.:the system boundary does not move

The process is adiabatic, but irreversible. u, = ug

Perfectgas:u=Cy T C/T:=C/T2 or T:=T»

For a perfect gas undergoing a free expansion T

(2) Throttling
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When Vi & V; are small or close to each
other, then hy = hy

Perfect gas: h = C,T

CpTl = CpTz orTi=T,



(3) Adiabatic mixing

g=0,w=0

H; + H, = Hs

neglecting KE

mih,+ Mz h, = (ml+mzjh3

pG:h=C,T, mCT,+m.CT, = (mlmszst
T, = (s T

-highly irreversible due to the large amount of eddying and churning of the fluid.

Reversibele flow processess

+V—12 +¢/= +V—22 + =>w=(h,- + M
h, > Oﬂ h, 2 Oﬂ”{ w=(h,-h,) >
Non-steady flow processes
E: total energy of the system within the boundary
o my: mass enetering the system during a small time interval
d my: mass leaving the system during a small time interval
0 q: heat transferred during the same time
o w: work done during the same time
dmy p1vi: work done at inlet
d mz p2v2: work done at outlet
Us + V124/2 + gz1: energy at inlet

Uz + V22/2 + gz,: energy at outlet




1% law:
(Energy entering the system) — (Energy leaving the system) = (Change in energy of the system)
dmy pivi + o my(us + V22 + gz1) + 0Q - OW - dmy pavo - dmy (U2 + V222 + gz2) = 0E

Q= ZéQ - total heat transferred during a finite time

W = Z5WZ total work done during a finite time

m': initial mass within the system boundaries
u': initial internal energy within the system boundaries
m": final mass within the system boundaries

u": final internal energy within the system boundaries
Z 6E:mnu(!_mlur+(m//ul/_m/ur)
V2 \VA&
Z om, £u1+plvl+ 71 +g21] +Q:Z om, (uz Tp,v,t 72 +gz, j W
Continuity of mass: (Mass entering) — (Mass leaving) = (change in mass of the system)

Z om, —Z om,=m"-m’

system boundary

mmmmm e . W =0, dm, = 0 (no mass enter)
/)(, \\\ ..

/ \‘ gz2 = 0 (negligiable)
! Vessel _®:’, fluid I ARV I
i 1 H = +—= [+ -
: ~ escaping Q=dm, | h, 2 (m"u"-m'w)
\ valve

\ '.” where hy = u; + pav2




