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Thermodynamic First Law

EE———
* Energy in the universe is constant
Euniv,l = Euniv,z ¢ »
AE, i, = 0 (A= final — initial)
AEgys + AEgyy = 0 w
AEs,s = E from surroundings into the system
° Energy Ul +Ek,1+Ep,1+Q +W == Uz +Ek,2 +Ep’2
. . _ 1 2 AU == UZ - Ul

« E from the bulk(macroscopic) motion of the system AE, = E,» — Ep4
— (2) Potential energy, E, = mgz
« E from the bulk(macroscopic) position of the system

— (3) Internal energy, U AU + AE, +AE, =Q+ W
* E from the motion, position and interaction First law (closed system)
of the molecules of the substances within the system




Internal Energy, U

* There is energy not associated with motion
or position of the system.,

— Changes in temperature
— Changes in phase
— Changes in molecular structure (reactions)

* Internal Energy
— (1) Molecular kinetic energy
— (2) Molecular potential energy

* Forideal gas, U is a function of T only.

— Temperature=Average molecular kinetic energy In
the substance




Work

F
= - W=JF-dx
dx
F
-;;(-‘; W:jF~dx=JF/A'Adx=JP°dV
X

d—b

AU + AE, + AE, = Q + W

AU

System AEj

AE, W=—JPdV




AU

System AE}
AE,

W=deV

AU

System AE}
AE,

W=—JPdV

AU + AE, + AE, = Q — W

\

AU+AEk+AEp=Q—deV

/

AU+ AE, + AE, =Q+ W




Processes

L
. AP = 0: Isobaric N “
* AT = 0: Isothermal
* Av = 0: Isochoric b
« Q = 0: Adiabatic

. AP, = APy = AP, =P, —P
State Function * b bz
AUA:AUB:AUCD :UZ_Ul

Path Function WA * WB * WCD

We do not use AQor AW, because we cannot say
BGBR sNU NAOE AW ;W2 — W,
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Irreversible process

EE—
P (bar) Sudden
5 1. Isothermal
I Expangon‘
A
1 =t'2 W=—dev=—P(v2—v1)
0.04 0.08 vm\mo) = —1(bar)-0.04 (m*\mol) = —4000(J\mol)
P (bar) -~
) 1.. U = uz Sudden
B | Iwal # |wpl .I Isothermal
Compression
1 o W=—dev=—P(v1—v2)

0.04 0.08 v(mA\mo) =—2(bar) —0.04(m*\mol) = 8000(J\mol)
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Reversible process

* For the system to undergo reversible
change, it should occur infinitely slowly
due to infinitesimal gradient

P (bar) 1 Reversible
2 Isothermal
F I Expansion E
‘Compression F

1
E 2 us = uy
— For an isothermal process
Wgal = |W ’
0.04 0.08 | Al | Bl P,v, = P,v, = Pv
V2P v Vipv
WA=—]PdU=—j 11)1dv WB=—dev=—j 1vldv

V1

{8 = —2-0.04[Inv]” = —5545()\mol) = —2-0.04[Inv]” = 5545(\mol)
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Meaning of Reversible Work

« Reversible process

=Maximum work done by
expansion

=Minimum work required
for compression

=Theoretically the most
efficient process

2> Become a theoretical
guideline

BGBR sNU NAOE

NA
¥, L 1
bioeie Y. Lim

»
>
®—

Wirr

Wrev

»

»
o —
A

Wirr

Wrev




First Law, Closed System

AU + AE, + AE, = Q + W Au+ Aey + Ae, = q +w

AU + dE, + dE, = 6Q + W du + dey, + de, = 6q + 6w

dU dE, dE,

dt+dt+dt

W du_l_dek_l_dep
=0 dt dt dt

=G+ W
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First law, open system

Q Wi

— »

V, Shaft work

m; Exv,E, =0 Fluid work

Wi /
AE@QO-»W-W&W#WO
Ve VectV,
v P; dv —J P, dv

AU = US)/S,Z + UO — (Usys,l + Ul) VetV Vc

=AUsys+Uo_Ui = W; — Pi(=V;) — P, (V)
| = W; + PV, — PV,

AUsys + Uy — U; = Q + W, + PV; — PV, «—
AUsys = Q + Ws + Ui + PV = Uy — Bl
AUsys = Q + Wy + H; — H,

v

H=U+PV

"1



Shaft work and Flow work

* Open system has input or output stream
and this stream also do “Work”

¢ W:WF‘l‘VVS

— Flow work Wx

« \Work due to the inlet and outlet fluid to the
system

* \We cannot use this work because this work is
related with only fluid inlet and outlet

— Shaft work W,

« Work due to the process fluid within the system
* This is usable: It can rotate “Shaft’




Enthalpy

* Internal energy and flow work are always
associated and flow work is not usable

- it’s convenient to group theses.
H=U+PV o h=u+Pv
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First law, open system = Energy Balance

AUgys = Q + W5+ H; — H,

If there are multiple input and output streams

Mgy = Q+We + ) Hi= ) H,

If E, and E, is not negligible,
AU+ Ex +Ep) , = Q+ W+ Z(Hl- + Ep; + Ep;) — Z(HO + Exo + Epo)

—2 —2
A(U + Ej, + Ep)sys =Q+ W+ z (Hi +m;V; /2 + migzi) — Z (HO +m,V, /2 + mogzo)

—2 —2
AU +Ey +Ey) = Q+WS+Zmi(hi+Vi /2+gzi)—2mo (ho + 75 /2+ g2,)

d(U + Eg +Ep) . : —2 —2
= SyS=Q+WS+Zmi(hi+Vi /2+gzi)—zm0(ho+lfo/2+gzo)

BGBR sNU NAOE
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Open System Equipment

* Pump, Compressor (P1<P2) :

To increase P by consuming W

« Turbine, Expander (P1)>P2)

# To produce W by expansion

* Valve (P1>P2)

—Pp4— 710 drop pressure and control flow rate

You can solve these by using energy balance!



Process Equipment - Pump

shaft work consumed to drive rotation

M —
\

) Q

N

N

-

c 7S s '/// 7] y / /
1G. 10-27 A simple centrifugal pump. //

FIG. 10-54 Positive-displacement gear-type rotary pump.

Perry's Chemical Engineers' Handbook (7th Edition)
Edited by: Perry, R.H.; Green, D.W. © 1997; McGraw-Hill
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Process Equipment - Compressor

Male Rotor
GAS INLET

Balance Piston

Female Rotor

2barG./320psiG) series
rbine fuel gas boosters
erators

umps

1 gas gathering compressors
0d 0ffgas compressors

http://www .energy.siemens.com/ha/en/compression-expansion/compressor-
packages/smcp htm#content=Technical%20Data
http://www.thermalcare.com/central-chillers/tc-series-central-chillers.php
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http://www.energy.siemens.com/hq/en/compression-expansion/compressor-packages/smcp.htm#content=Technical%20Data

Process Equipment - Turbine

Saction threugh a gas turbine type 13

From right toleft: ganerater, bearing pedestal
compressor, gas turbine with combustion
chamber. exhaust gas diffuser

shaft work produced to
drive rotation for generation
of electricity

FIG. 29-25 Section through a Brown-Boveri gas turbine (with permission of Asea-Brown Boveri).

Perry's Chemical Engineers' Handbook (7th Edition)
Edited by: Perry, R.H.; Green, D.W. © 1997; McGraw-Hill




Process Equipment - Valve

* Valves
— Ball valve

— Gate valve:--

Gate Valve Closed Gate Valve Opened




Energy balance and enthalpy

* Energy balance with Steady-state, 1 inlet,
1 outlet, and negligible KE/PE difference

d(U+EﬁW/S=Q+WS+ mi(hi+ﬁ%+/92{5—zmo(ho+ﬁ%z%)

m=) 0=0Q+W,+mh;—h,) == 0=0Q+W,—1mAh

Q=0 - . ‘
| Q~0 0~0 W ~ 0
. W.~0 :
. H I y Q!
S

w = Ah w = Ah q = Ah

You can solve EB simply from Enthalpy difference!



Example 2.5

10kg/5 1 bar
100 bar- Sat. steam

500°C W=?
(6.98 MW in textbook)
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Example 2.7

« 2 moles of steam from 200°C, 1MPa to
500°C, 1 Mpa

- Q=7 (23.4k/J in textbook)

1BASME l18NBS | | | | | |
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