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Changes with Pressure at Constant Temperature

@ Since
du = Tds — pdv

the variation under constant temperature,
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dh =Tds + vdp

@ Since

the variation under constant temperature,
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Changes with Pressure at Constant Temperature

@ Since
df = —sdT — pdv

the variation under constant temperature,

(#), (),
ap T— p ap T—p T

(3) ~ e

op)p
&),
op )

Kunok (KHU) Thermodynamics September 12, 2024 5/23

e Also,

NE



Changes with Pressure at Constant Temperature

@ The finite changes

4 P
AMZU(To,p)—u(To,po)=/ <gz> dp:/ v(pBr — Toa)dp
Po T

Ppo

P
Ah = h(To, T(),po / < ) / ’U(l — T()a)dp
po \OP Po

4
As = S(T()a ) - S(T07p0) / (a) dp = _/ vadp
po P/ po

P P
Af = f(To,p) — f(To, po) =/ (gﬁ) dp:/ pvBrdp
Po T PO

P (O p
Ap = p(To,p) — 1(To, po) = <8p> dp = / vdp
T Po
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Changes with Pressure at Constant Temperature

@ The finite change of energies are

AUT = T()AS = Q

AuM:—/p [B(pv)] dp:—/p [v+pvBr|dp=—-Ap+ W
Po T

Ppo

Auc = Ap
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Changes with Pressure at Constant Temperature

@ For constant isothermal compressibility independent of pressure,

v(To, p) = vo(To, po) exp [ — Br(p — po)]

therefore,

/p:vdp = —%[exp [ — ﬂT(p—pO)] _ 1]

proceed to

4 4
/ vpBrdp = /BTUO/ pexp [ — Br(p — po)|dp
D

0 po
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Changes with Pressure at Constant Temperature

@ Performing the integration by parts,

Br /p vpdp = —vg [pexp [ = Br(p —po)] — po}
- % [peXp [ = Br(p—po)] — 1}

@ When thermal expansion coefficient and the isothermal compressibility
are constant,

Au =1 [[p —— 1} - [ — 1] exp[—ﬁT<p—po>}]
Ah = W[em[— Br(p—po)| — 1}
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Changes with Pressure at Constant Temperature

e Also,
As = %[exp [ = Br(p—po)] — 1}
A= _UO[(peXP[—ﬁT(p—poﬂ ~po) + exp[—ﬁTg;—po)} - 1}

Vo

Ap = ~ By exp [ = Br(p — po)]
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Changes with Pressure at Constant Temperature

@ When the condensed phase is incompressible, 57 = 0,
Au = —Tyav(p — po) Ah = (1 — Toa)vo(p — po)
As = —awvy(p — po) Af=0 Ap = vo(p — po)
o For ideal gas,

P P
Au = / v(pBr — Toa)dp = 0 Ah = —/ v(l —Toa)dp =0
Po Po

P p p p
As:—/ vadp = —Rln <> Auz/ vdp = RT'In <>
PO Po bo po

P
Af = pvBrdp = RT In <p>
Po Po
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Changes with Temperature and Volume

@ Assume the initial state (Tp, vp) and the final state (7', v)

ou ou
o T el
(o7) 7+ ()

T "Ta—1
Ah = Cy + v )dT / dv
To < OBT Vg BT
As—/ dT+/ —dv
v0
T

v
Af = [cv — s(To,vo)]dT T/ Coar / pdv
To To T vo
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Changes with Temperature and Volume

o Also,

T
Ap = / [CU + doa _ S(To,vo):| dT
To Br
T Y dv
_ T/ AT — -
TO T V0 BT

@ When ¢, Bt and « are constant,

Au = cy(T —Tp) + (TC;T_ ! —p0> (v — o) + BL In (;)

T

= Yo« — i a—1)(v—wv
Ah—<cU+BT>(T T°)+6T(T 1)( 0)
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Changes with Temperature and Volume

@ When ¢,, Bt and « are constant,

T a(v —vp)
As=c,In| — |+ ——=
s=c n<TO> =

Af = [y — 5(To,v0)] (T — To)
RENE M INATRRIFIE

Vo

Ap= [CU + 507 = s(To, Uo)] (T — To)

T v — g
—cTIn| — | —
<T0> Br
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Changes with Temperature and Volume

o For ideal gases,

Au = ¢c(T — Tp) Ah = cp(T —Tp)

As =c,1n <T> + RlIn <U>
T() Vo

AS = [e0 — 5(Tp, 00)](T — T) — o Tn (g) ~RTIn <”)

0

Ap = [ep — 5(To, v0)|(T = Ty) — ¢,T'In (;;) — RTIn <”>
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Changes with Temperature and Pressure

@ Assume the initial state (7, pp) and the final state (7', p)

1/ ou ou
Ay = ) ar+ (&=
! / <3T)Ud i <0p)po]

T P
:/ (cp—pva)dT—l-/ v(pBr — Ta)dp

To Do

T

P
Ah = cpdT +/ v(pBr — Ta)dp
To Po

T c D
As—/ pdT—/ vadp
To T Po
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Changes with Temperature and Pressure

@ Assume the initial state (7, pp) and the final state (7', p)
T

Af = [cp—s(To,po)—pva]dT—T/
T() TO

Ap = /TOT ey = 5(To, po) |dT — T/ 7 /pop

@ When « and 7 are constant,

T c D
;de%—/ pvBrdp

v(T, po) = vo(To, po) exp [a(T - TO)]
U(Tap) = U(Tap0) €xp [ - BT(p - pO)]
v(T, p) = vo(To, po) exp [a(T — Ty) — Br(p — po)]
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Changes with Temperature and Pressure

e When a, ¢, and (7 are constant,

Au = ¢p(T — Tp) — povo [exp [T — Tp)] — 1]

+ vg exp [a(T — To)] Gy

1-Ta
po + —

1-Ta

} exp [ — Br(p — po)]

=

Ah = ¢, (T —Tp)
Vg exp [T — Tp)](1 = Tex)
Br

As =cpln <T> T [T = To)]a [6Xp [ = Br(p—po)] — 1Lll.l

[GXP [ = Br(p—po)] — 1}
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Changes with Temperature and Pressure

@ When ¢, ¢, and 7 are constant,
Af = [cp — s(To, po) | (T — To) — povo {GXP [T — Tp)] — 1}
T
—c,T'In (TO) —voexp [a(T — Tp)] x

“PGXP [ = Br(p—po)] —Po] + BIT [exp [ = Br(p—po)] — 1H

Ap = [ep = 5(To,v0) (T = Typ) = ¢T'In <77”;>

_ vpexp [o;(TT —Tp)] [exp [~ Br(p—po)] — 1]
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Changes with Temperature and Pressure

@ For ideal gases,

Au = ¢ (T — Tp) Ah = cp(T —Tp)

Js Os
oT » op)p

@ Since

o For ideal gas,

therefore,
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Changes with Temperature and Pressure

@ The finite difference of the properties are

T p)
As=c,In| =) —Rln| —
P (TO) (po

Af = [eo — 5(To,po)] (T = To) - &,Tn (;;) +RTn <;’0>

Api = [e — 5(To,po)] (T = To) - &,T'n (TTO> +RTIn (}i)
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