
Exercise 3

a) Euler 's theorem :

For a homogenous function f (X , , ✗a, . . . Xn) of order k ,
the following applies :

f ( DX , ,
Axa , . . .mn/=HflXnXz,...iXnl

where ✗ is an arbitrary scaling factor.

by defining ✗
'
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= Xxi

,
then :
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§÷8¥iy • Xi = k.dk" flax" . .,Xn) (choosing 4=1

kflx , Ha , . . . , Xn) = ¥
,

Xi ¥×i Eaters theorem

b) Assuming that U is a homogenous function :

Ulis
. XV . Anil = Nuts , V. nil ¥
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seen in exercise 2

For mkomponents :
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c) Want to show Gibbs -duhem relation :

0=-5 IT + Vdp - §nidµi

from b : v. TS -pV+§
,
Mimi

dlfdltsl-dlpvl-E.dfuinildv-tds-isdt-pdv-Vdp-i.EUidni + nidei]
From

energy
and entropy balances for open systems :

IV. Tds - pdV+§,µidni

⇒ d✗=d✗+SdT - Vdp + §,nidµi
⇒ 0 -
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•Want to find it , and Sian
• Have : M

,
T
, p and Cp (used in enthalpy expressions)

DE
• Know : - steady state ⇒ at = 0 , viii.ni,

( no reaction
takes place)

-
OE k ,

OEp ao ⇒ Ex U

- Open system ⇒ Flow work , H=U + PV

The complete energy balance reduces to :

no shaft work

{ Hiiiii - It . in +W/ + WIK + if = 0

i -1,13 The CV is constant

⇒ H, .ñ , + It , .Ñ☐ - H - in +95-0 /in = Amir,
•

of = ÑAIH
- Ha) + ÑB 1H - HB)
in in

DHA DHB

From exercise 2 : dlt . cpdt ⇒ OH = got

if = ÑA Gotta + NB Cp DTB Kp = ¥12

if = 7-2 . 8,314 ftp.k/HmX/s.(400K-b00/k)+2m/s . (40014-4501/4)
if = -8730 % =-8730W

Entropy balance :
ds

° steady stake
•

= Sion + { nisi - { nisi + Ssurr
in out w

= ¥9m (2nd law)Sien = { nisi - E nisi - ¥urr
out in

sigen = ÑA 051st ÑBDSB - ¥surr
We have constant p, V

H = U + PV ⇒ dH=dU +pdv.lv#d*=dq-pXd-ipdV
= dq



DH = Cpdt ⇒ dqscpdt

ds=d¥=Cp¥ ⇒ 05 =cpln(¥)
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a)
From 1st and 2nd law : Gibbs relation for H : dH= Tds 1- Vdp

Total derivative ⇒ dlt --1¥) ds -118¥ dp
⇒ T.co#s)p.V=tfH-pIs

Partial derivative of H with respect to V:
-

18Th. -1¥); #v1, +1¥.li#vhi-'"

v

Maxwell relation :(%)
,

=

u

Using the equitation of state :

(E)i. ¥
(¥4, = -1¥ -2g

Combining :

III. =# + XH¥ -2¥

¥4, =
- 2g
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b) As T is constant ( isothermal expansion) we should obviously use the answer from
a) . N is constant ⇒ IN --0

. Using the Eos in the assignment , we can define two of

lp ,V ,T) and the other will be defined .

"

Assuming
"

It is a function of
V
, T :

dH=(8¥) , dv +1¥,)udI
isothermal

dH=(¥v)tdV = - h& /integrating

OH = -12a. [¥ .tv]
""

= -2.40 E. atmlmoi . Ex - Ey]
20L

= -2 . Latin /moi + 4 L . atm/not

= 2 L - atm/moth

For 1 mole :

OH = 2 Latin/not Want Joule , Joule = Pa . m3

= 2 4%7-1 . ¥Y× .

1101325.105 Pa
I atm

OH = 202,65 F 1m01 - I see that 1
"

forgot " the molar notation "- "

,
which i should

OH --202,65 F have done
.

I will not change it now This is why I have

"

per mole
"

in my answer as well . . . So
I will cancel it out

"

magically
"

.



IT --0=0

a- ¥-1
Should start from, or get
to U .

Using the energy
balance for a closed system (without shaft work)

I was asked in the exercise hours to show how I got this expression, the derivation
is attached on the last page .

N . Old -- Q + WEK = Q +We
,
We have a compression

calculating We from formulas given in the lectures :

15 L

We = -J PDV = - Joo
,
¥÷b -¥ dV

This time, remembering that I = Yg ⇒✓= NI
DU = Ndlf limits : V= 1002=>1--204not

✓= 15 L ⇒ I =3Hmd( Not making the same mistake twice . . . )

We = -NJ
34m '

RI a

204mi I - b
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VI DI
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20 Hmd

= - N [RT In IV. - b) + a-]
}

I

20

105Pa . I m3
= -5m¢ . 8,314 ftp.K . 3001¢ . In (2%19%8) + 1,404 - bark# ¥nd -204¥ ) •

1bar . iooodm

⇒ We 23596 F



The differential of U in useful variables :

du =/%)
,
dv +1¥)uµ

" isothermal

Using the same trick as in the last problem :

1st + 2nd law : du -- Tds - pdv

Total differential : dU=¥)r IS -1¥)sdV

⇒(E)it ,
1¥ ) :-p

Partial derivative of U with respect to V at const T :

1%1=1%11%1
, +1%11%1/+1
in

¥ Maxwells relation

"
-

P

-1¥)r=¥b

(%)
,
= T .¥b -

p
= ¥b - ¥5b + % = &

I forgot the molar notation again . . . I fix it below

Which means that

dU_ = IadV.
3msIll

of = - a - %)
somall

0U_ = - 1,40 #¥.ir/ztx*-aoL# • 10%1 . '¥¢
Old -40 Hmd

From the energy
balance

,
then :

Q = N . D③ -W = 5m41. /-4071mA - 23596 f) => Q = -23 796 F



Derivation of energy balance for closed system

the complete energy balance
k=K

( MG + ¥ tgh]) = [mi . in ( Hi + +gh;D - Elmira ( Hie -1¥ +ghk)]
j -- l

1<=1

+ Ñs + WE,, + I

• Assuming that the changes in kinetic and potential energy are negligible compared to the change

in internal energy ¥ =0 , gh

• The system is closed ⇒ Win = inout -0

• We have no shaft work ⇒ Ws = 0

The energy balance then reduces to :

MÑ = Went •Q

Using a molar and not a mass basis :

N.y =Ñ%+Q

Integration from before until after the compression

NDU = WEK + Q


