16.Gbar
1 o o 25L
16 6bar .
1.00L
P A 4
3
Vv
-y -1 5 dyr-l 7
N=2 mol Cvn=20.79Jmol K =§R Crn=29.10Jmol K :ER
16.6bar x1L
Pi=16.6 bar Vi=1L Ti= omol x 0.08314baeroI‘1K‘1 = 99.83K
16.6bar x 25L
P»=16.6 bar Vo=25L T= 201 0,083 14barLmol TK T - 2495.75K
Ps= 0.664bar V=251  T=T
(Beware !! 1bar.L =100J)
Process 1—2 2—>3 3—>1 For the Cycle
AU 2CV,m(T2'T1) 2CV,m(T3'T2) 0 0
= 99.62kJ =-99.62k]J (dT=0) (state function)
AH 2 Com(T2-Th) 2 Com(T5-T2) 0 0
or AU+2R(T>-Th) or AU+2R(T5-T) (dT=0) (state function)
=139.468k]J =-139.468k]J
Q Q= AH Q=AU =W 34.498kJ
or AU-W or AU-W -5.35k]
=139.468k]J =-99.62k]J
W -Pi(Va- V) 0 ] J- PdV = 2RT, J- dv -34.498k]
=-30.84] (dv=0) \V
1
=—2RT In 75 5.35k]
(b)

Same value as part (a), but different sign.




2.
Adiabatic g=0 , expansion, w<0, AU =W<0 ,AH=CGAT <0
q=0,w<0, AU<0, AH<O0

3.

Isothermal AT=0=>0=CvAT=CpAT
Expansion w<0 , g>0

q>0,w<0, AU=0, AH=0

4 because Pex=0 =>W=0
adiabatic q=0
=>AU=0=>AT=0 =>AH=0
q=0,w=0, AU=0, AH=0

5.

d a a
(v =-Gr I Gp =015 =

X I=

au
(Gi)r =T, - P
6.

dP( )dT+( )

8V

(=),
__\oT’ B
dP = (av dT+ ( ) dV = dT——dV

.

AP = 'BAT+
K

jd_V_ﬁAT +—In( )

because Vf:Vi+AV
and V(T)—V|+( ) (T-T)+H.OT
= AV ~Vi ,BAT
— |n(\§) —In(L+ BAT)
1
©7You can directly put the value BAT into logarithm

©or using In(1+ BAT)~ BAT  (because BAT~—)

100



—> AP = (ﬂwater—ﬂvessel) AT 6.2+1075K 1 (82 o 1356) = 92 44bar

K T 4.59x10 5bar~1

Onmever forget Pf=Pi+AP
=> Pf=93.44bar

7

57, = Gr),) = G 7),)
v /)r  \aT\aT/y/, \oT\aV/;/,
The order of differentiation can be reversed because U is a state function.

Using the equation(Z—Z)T =T (a—P)V - P

oT
(6617) (0 (T<6P) P) _<6P) . %P (GP) _ 7 da%p
av /. \ar\ \ar/, _aTV+ aT?2 ar/,  \oT?
%4 14 \%4

8.

(@)

oP oP
dP =(—) dT + (). dV
(aT)v +(8V)T

R oo ML

oT”" V, -b NV, -b)? VvV ?
(b)

oP

a(ﬁ)v -R
v )T‘(v,n—b)z . . .

so dP is an exact differential.

oP

a(E)T -R
Car )V_(\/m—b)z
9.

a a d a
(5w = e I G =- (51 &



10.
(@)

Definition of the internal pressure:

ouU oP
=) =T(E), P
=T,

R

oP
and(—) =
(aT )V

RT a

(b)

aT
' - . -&p
©At first, represent the pr into a calculable form , (instead of g—PH )

Because you have

ouU oP

22y, =T(),-P

( v It (aT)v
oPV
oP
ou, oV

ouU
and($)T = (W)T (E)T
oPV

oV
) =P, +V
)7 =P

SO(%)T = (%)T +( )T

(

oH ouU oV
=> (a_P)T = ((a_V)T + P)(a_P

0P oV
_(T(a_T)v)(a_P)T +V

e +V

oV
=V -T(=
()

©Second, you have to choose the correct representations of V or choose the correct
form of the fraction equation.

Oxthen solve the problem with same approximation
(You have the condition P~0.  In other words, (1/Vm) ~0 and you have b<a<l)



% Method1:
Key point :Let Vm be calculable.
VDW E.O.S of gas can be represented by this form:

m m

‘ra<]1, and ab<<1

ab .
- — is very small
V,

m

PV =RT +bP -
v

m

v =BT __2 b andifwe that PV, ~RT
P VP
Vm;ﬂ_i+b :>T(a_v) :ﬂ+i
P RT oT’"P P RT
oH 2a
then we get (—), ~b———
g (aP)T RT

% Method?2:

Key point :Similar to method1,but using the linear correction form of gas
PV, bP a ab
=1+—- + >
RT RT V.RT RTV,
to represent the form into the virial equation

Z=

1 andifwelet PV, ~RT=>_2 - 3 _ aP
RTV, V,RT PV,RT R7T

a. P a
Z=1+(b—)— actually, you can get Boyle Temperature=— here
( RT) T ( Y,y g y p Rb )
PV =RT +(b——)P
RT
A =ﬂ+(b_i)
P RT

RT a
— =
P RT

oH 2a
). =p-=2
()

ov
then T(—) =
(6T )p RT



* Method3: (highly recommended)
Key point :Find a clear solution of fraction

T(ap) RT
ov, _ oty V,-b
Vm+T(a_T)p_Vm+_(6P) _Vm+_ RT___2a
ov’T v, -b)? V3
It's highly recommended to put V,, into the fraction before you do any further approximation.
-V, RT N 2a N RT —bRT N 2a b  2a
= (Vm _b)2 sz Vm —b _ (Vm _b)2 sz _ (Vm _b)2 VmZRT
~ _ RT +2a -~ RT +2a_ 1 2a
(Vm-b)?  Vm?® (Vm-b)?> Vm® (Vm-b)> Vm°RT
2a
b- - nr (Vi —b)? 2
s Vo RT ~b-—22_(y, —bp=p-22q 20,00,y 28
_2a h)2 V., °RT RT" V, V RT
1 . (\/m b) m m m
Vm°RT




(b)

In calculus, area inside the cycle is 4) Fodx

here F(x)=>P,dx=>dv

so the area is the absolute value of works(because the value of area always>0)
and W, =W, +W, +W_,+W,,

tot
Vb

W, =—-nRT, In(ﬁ)

W, =nC, (T -T,) and -I_Hvb}/-lz-rcvcy-l

W, = —nRT, In(\\;—d)

W,, =nC, (T,, -T¢) and chcil_lzTHVa%1
Vo _Ve
Va Vd
Vb
=W _ =-nR(T,-T.)In(—) <0
( H C) (Va)

tot —

©
If we treat the carnot cycle as the heat pump
'QH :Qc +W
Vb
NRT, In(—
n= —Qu _ " (Va) _ Ty
W Vb, AT
nR(T,—-T.)In(—
(Ty—Te) (Va)
H
d
9_car
t
—Q
Wheatpump =AT T—HH
= Wheatpump — _CATZ and Wdirect heating — —CAT
t T,

(Even if the heatpump is a reversible carnot heatpump, when i—T >1,
H

it will be lower efficiency then direct heating )



