-4-8 | THE FIRST LAW OF THERMODYHAMICS

The first law of thermodynamics 15

Lo cuvctarm fametilatinn of tha fired law w
the system formulation of the first law was
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4.8 THE FIRSY LAW OF THERMOSTHAMICS 190

where the total energy of the systemis given by

(4.4b)
2 edn = J
E,) siem o Ll(sysltm) V(”smm)

epd ¥

and

P

= T+ g2
e =ut 5 8

3 e mosit ant is added to the syst=m
In Eq. ¢.4a, the rate of heat transfer, @, 15 positive when heat ‘I')'f(;l[‘:)fw by the systerm
from the surroundings: the rate of work, W, is positive when work15¢ ]
on its swroundings.

Leinn M- o,
. odynamics, We
To derive the control volume /

. JIE P P
formulation of the first law ou Werml

set
N=E and ne=t

in Eq. 4.11 and obtain

i‘?. _‘.7." epdV+j epV'd.:’;
dt Jeem 91 ICV cs
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Since the system and the control volums coincide at fy,
[Q — Wliysem = [Q = Wlcoauol volume

In light of this, Eqs. 4.4a and 4.5+ yield the control volume formulation of the first 12w
of thermodynamics,

0-W=

-
¥ h
U

Jd , =
—| epd¥+| epV-dA (<.
at Jev cs
where
2
e=Uu+—+gz
5 8
Note that for steady flow the first term on the right side of Eq. 4.55 15 zero
Is Eq. 4.55 the form of the first 1aw used in thermodynamics? Even for stead;
Eg. 4.55 is not quite the samz form used in 2pplying the first law to ¢ " T“j '
el , . PRASaN A By SR LSRN § 3 L SRR 44 0atral volum
problzms. To obtain a formulation suitzble and conveniznt for problam sel '
, . calltiv 10V LToDL3m 501t
e ser look at the work tarm, W.
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4-3.1 Rate of Work Done by a Control Yolume

= 7 4 IX . :
The term W in Eq. 4.535 !’lﬂ.S a positive numerical valus whea work is done by ¢
»-Flumc cn the surroundings. The rate of work done on the COntrf.!. T 0¥ tne conra]
sign to the work done by the control volume. s volume1s ef oprosite

The ratz of work done by the ¢ .

o4 4= Fes - i ORUO] Voium?‘ 15 conv tamels .

classifications, nvenienly subdividad into ane

W ‘V-’ + ‘Vuom'.ll + “‘Vshc_u + V./Olhcr
[ et us consider these separatzly:

1. Shaft'Work

we shall dzsignate shaft work W, and hence li‘e o
- i

he control surface by shaft work is desiz :

th i ¥y shalt work is designated 1,

ate of work Tansfarras
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! RIS ERURTIONS 11 TEGRAL FOAN: FOR A COKTROL VOLUNE

rface
4. Work Done by Normal Stresees at the Control Su hen a force, F, cts
. s, wien !
Recall that work requires a force to act through a dlsmnccisﬂlil\"cn By
through an infinitesimal displacement, &5, the work done 1s g

ooy !
N eincrement, Af,
To obtain the rawa at which work is done by the force, divide by ‘hf ur: 7 is
and take the limit as Ar — g, Tlius the rate of work done by the force, F,

basn

W W=F-V

. y o a nrrn " Om'}"]
The rate of worl: done on an elemeni of area, d A, of the contro! surface by n d
stresces g
aF -V = g,.dA -V
. - - - . : 7 ? ‘. ‘-.
Since the wurk out acroce the boundaries of the cortrol volvne is the BEgAitve O L1E
werk done on the centrol volume, the toral rate of work out of the control voltme due
10 normal stresses is

-

V:”n:nr.:l & "fso'nnd-z‘ V= —J O'Hni/.'dA
&

CS

3. Work Done by Shear Stressec 2t the Control Surface

Tust as work is done by the normal stresses at the boundaries of the contro] volume, so
a2y work be done by the shaar stresses,

T - b snr fnvnn Aol A Im + L £ 1 -, N 3 b
> 2 e - - ciement of evan AL ontral oor-frnaan mwer he
diie 2uit el L0020 Loy Ciieh e Vasieadi Qa QISR OF [eota contlroi saiace 18 g.\\Ln S
= —_
YE o = ""i
GJd = & il

where the shear stress €C10r, 7, is the sh &rsiress acting in the plane of &
of y % n

The -zte

Since the work out across the boundaries of the control volume is the negative of
the work dune o3 the cenrol volume, the raie of wozk out of the conwo] volume due 1o
shear stresses fs given by

‘{)shca{ = = [ ?' i;-d-4
ICS

—

ils integral is batter expressed as three terms

li!shc&f = "'[ ‘?‘ l—;dA e
€S
=-[ ?-VdA-—[ ?-VdA—-[ © T-Vda
J A(shzfis) < A(solid surface) JAlports)

We have alrezdy accounted for the first term, since we included W, previously, At solid
surfaces, V = 0, so the second term i< zero (for a fixed control volume) Thus
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48 THE FIRST Law oF 1¢ \V\

ta I.V.I_C;:\“ ',

‘Alileg
’ el , : A 1f.»._ ps
This last term czn be made zei0 by proper c.mtgf: of control surfaces, fwe . gy
.ontr:l‘cu"f"fc that cuts across each port perpendicular xq_lhc {low, then dA i €y
C LVisullea ¢ -

: : . 5 pare
7 1s perpendicular to V. Thys, {o, 2 come. Paally

to V. Since 7 is in the plane of dA, Ontro] gy

parpendicular to V,

g
= V=0 and Wepear = 0

4. Other Work

Electrical energy could be added to the control volume. Alvo eleciromagnatic enerpy
e.g.,in radar or laser beams, could be absorbed. In most problems, such cc
will be absent, but we should note tiem in our general formulation.

With all of the terms in W evaluated, we obtain

:m:ihu:inns

W = Ws - J Crr.r.{;' d-z"" V;’shzu =+ “"c:}.:r (4.56)
CS

4-8.2  Coatro! Volume Equetion
Substituting the expression for W from Eq. 4.56 into Eq. 4.55 gives

3 - . — '-b . . a - o
g-w, + J On.V-dA - Weeor — Wother = — epd¥ + epV - dA
C3 ot Jev Ccs
Reamranging this equation, we obtain

e, ) 3 U
0 - Wy - V".\!:::: - u’om;r = '—f ¢pd¥t +J cpVda
{

Since g = 1/p, where v is spectfic volume, thep

f a',,,,7~d.:1‘= f O'Hr,up\-;-d.:f
Cs CsS
Hence

= : " g -
W= Woew =W, = 9 Vo

o s shear ‘c;h-r 37 J’CV epdy +jcs(e "O'r:r.U)pV'dA

Visconus e4fects can make the normal stress, o,

R different from the N€gative of the ther.
Q."V;’.r"wsheu-v;’czhcr &= if BPdV+I (e + V.ar

r Joy s T PUIPV -4
Finally, substituting e = U+ V22 4 pzinto the Jagt term, we obtain the familiar form
of the first law formulation for a control volune, o

\\

- . e . Jd , ' Vz -
g- W:_ "Vshcar - h/ot.her = Efcvfpay*f (u-i-pu T —_— 3 --\

‘Eﬂ;‘ -

o & /PV “dA £
(4.57) o 3
\ £ ';
Each work term in Eq. 4.57 represents the rate of work done by the contro] volume op : %
the serroundings.
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188 GH‘FTE“ 41 BA FOR A CONTROL VOLUME i

weLE 415 Compressar: First Law Analysis f

1
EXAl ; N
Al;ot 14. 71}7(;63F7t(};rx , enters a compressor with l‘e"]lﬂlb;e ..Lu.l., and 15 \.l)-f'k}"_.'.’?‘_'!i -
5S12 7
at P DUEh a Ulpe with 1 t[" area. The flow rate 15 20 lbm/s. The rower l'

2

ll\l_‘l t to the CCH]"['.,))O. 1s 6CO Llp Determ: na the rate of heat transfar.

“Z{APLE PROBLEM 4.18
CEARIPLE

e 5N

Y

G}\!E)}: Aifan! .“\,Zl..\,..‘rx dierat
at @) with conditions 2s shown. Th
fiow rate is 20 Tbn/s and the power

3
i
[ &1
o]
0
(%)
A8

to the COMPTEssor | : |
omp :rxsﬁ”()hp. Vy=0— \ 'T""-—-Azﬁ‘-lﬁ.? i
. ! {
11! £3 C | E
FIND: Rate of heat transfez T, =70°F i ?m T, = 1C0°F ;
l_._.._..-..._._._....'v i
SOLUTION :
*
= 0(1) :
e )
Basic equations 0= -.-/J“ pd‘r‘-&-[ pV-dA
At Jev cs

Assumptions: (1) Steady dow
) roperties uniform over inlet and outlet sections
(3) Traotairasanideal 205, p = pRT
(4) ArzaciCVat 10 and dpcr‘endxcui:r velecity, thus Wiy = 0
G) u==x ;
(6) Inlet ¥inetic energy is ne'vhgib‘e i

N . S 4

Under the assumptions list2d, the first law becomes
?
1

. -z A
Q"T':”:":J (:-'—‘:‘L‘ E__’_’-J-o'/ oV - dd
cs

Q—W,-—-J’ h+—‘:j+g:>p{7-d:f {h=u+pv} |

cs < ;
or

v? o= ‘

Q:W,-e—J’ (h+-,;—'+g: oV - dA |

' cs - i

For uniform properties (assumption 2) we €an write ¥

¢

= 0(6) |

Vi , 3

i Vl 1y ==+ 802 Ipl‘ :A:!}

O=W, +(h. + Wi g -l {2t 5778 3

«,;s m conservation of mass, ?

j pVedT =0 |

cs ;

}
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4-3 THE FIRST LAW OF THER/QD THANICS

_ s Yispce we can Write
Therefore, ~1), V14, + Ip2V243) = 0,0l Vi A = |maVaal = s Hengewrst
= O(D)
... 1
0 = W, + m{(!r — )+ =24

12t air behaves as an id

i~ Tl} 1i1:d
s'w..conm:mtc; Taea by — iy = cpli2 '

Laa

A
. . Vi
Q:',V‘i-m \,p(Ta—Ts)‘.L 5

From continuity |V} = mi/prAs. Sicce py = paRT;.

-y o 1 L0 ',.2 f‘_:
[V} = ik RT: _ 20 lm v L 533 ft-iof | SE0°R 1o

= T8 oo R * 5ot 18 e
A py s 1ft2 Ibm - °R 50lp L
Vsl = 829 fys
D= W g e V3 N
i/ = r'_;_ hy 'i“.-p'\i 2= 3 1_; h.",""
R
Nots that pawer input is fo tha CV, so W, = — €600 hp, and ’-
= - e - o)
A - 6o hp 350 fu-lof v B 20 ibm 3 024 Bw | 30°R
it bp-s ~ TI8 & lnt s o+ °R }
W & ot {
20 lbm (o.. 9 f* | slg Bu Ibi-s ‘
s - —‘-:‘\ G T T X —a— 1 Ny e L4
> .'. b o swank P2 QU8 diem L .i
0 = —377 Batks heatraiectin=d |
|
[ In zdditon o demonstrating a straizh ferward application of the Srst law, this preblem illustratac the nasg "
lf:: Xeeping units straight, ‘

E4.17  TanXk Filling: First Law An

Atarkof 0.1 m?® volume is co

alysis

nnactad

T P | 1
0 a high-prassure 2 ane; rotn line and to ! e
T, o Ane and s2al: are
initially at a uniform ta: npzrature of 20°C. The iaital tag, FATE Araizuea ix 100 Lo
: A - N _‘ - SUHE FEeLald 15 3 o
The uvbsoluie line prassure is 2.0 IP 2, the lina is lar

and pressure may be assumed constant, T

fi2 1anX tam

= WHpeiatire 1S monitored '-.-, fren
response thermocouple. At the Instant f er th \-ﬁ".'.a; coenad. the q:’ .J .
ises at the rate of 0.05°C/s, Determine ¢} o

if heat ransfer is negle

ectad, tere Ol airinie the ank
EXANIPLE PROBLEM 417 TTTT——— |
1

CIVEN:  Air supply pipe and tank as shaw \\\

| —_—]
SNOWnL AL = 0,6T19; = 0.05°C/s,
FiND: matr =0-.

~1 — oy

|
|
P o |
C~ casz CV shown, apply €Ny equation
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{  Assumpions: (1) Q = 0(given)
; QY W, =0

(3) We.e =0
? | (4) Weae =0
! (5) Velozitizs in line and tank are smal
} tc)  Negleot potential energy
| (7) Urifcrm Sow attank iZlet
L (v Brmmastiar 1o ifa=m in t2nk

! -
c f N A g e VT X
v== Waep P&V T ymins T v S e
gt Jev

= u,2nd

Rut tnidelly. 7 i eniform, 50 ifyax = Uine
d : . "
0= —1{ upd¥+(u+pvi-lpVA

or Jev

§.nce tank propenies ace uniform, 6/6¢ may be replzced by dldt, and

0= ‘%{uﬁ!] = (u + pvjm

or

aM du . .
0= Ly +M-a-; um= pum

Tr= term ¢ M/dr may be evalugred from continvity:

-

. . d "y = e
Basic equation: U = -,—-f pdv + | pV-dA
ol jev cs

dM dM

dt !

: du . ar
o +M27 ~ufi = pvm -Mc"?:'

)

0= S 4lpval o Soe

- pum
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Substituting into Eg. 2, we oblain

.23k _0Im® 7TNm _/O'.‘K\ kg K 1 1000 ¢
g i Ay A} . = —— M > e b -
i’ kg i §  wb'hem Z53K kg

i = 0.102 g/s ki

L the rmmlicaton of the enemnv eanntion 10 on pnctesdn Saw citusion 1
ST ML TR IS eRTnCalion 0 e eneTTy equislicn 1o an unsleady 0w Suation.
! =4 4 ; p i
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-5 THE SECOND LAW OF THERMODYNANICS

Recall that the system formuiation of the second Jaw is

as\ 1
a1 T

svstem

whese the tota] cntropy of the systém is given by

S:}‘s!e::: = " sdn = [ spa¥

< M(svsiem) S Pleystem

To dedve the contre! volume formulation of the second law of thermodvns

N=§ and 3 =5
in Eq. 4.11 and obtain

a -— —
— = e—— , . y
: ) gy fcv spd¥ + fcs spV dA

1

St st o em rent il Ty T
The sysiem and the conrol valume coincide &l 1 thus

1 ) | 15 ( 1( Q)‘
— (s = = = —_— - ﬂ‘
r fsystem ! Q"CV ls T \‘d‘ / :

In Iight of this, Eqs. 4.52 and 4.58 v
lzv of thermaodynamics

(4.5b)

MICS, we sat

(4.58)

ausin Eq. 4.5,

ield the contro] volume formulation of the secong

(4.59)
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