Chapter 3 The First Law of Thermodynamicsin Open Systems

83-1. Energy balancefor closed system
1. For aclosed system:
(1) No streams enter or leave the system.
(2) Nointernal energy is transported across the boundary of the system.
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§3-3. Mass and energy balances for open systems--- I & time ™’
1. Measures of flow:
(1) Massflowrate, m: g/sec; kg/sec; g/min; Ib/sec ----- :
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(2) Molar flowrate, n: mole/sec; mole/min; |b-mole/sec ----- .
(3) Volumetric flowrate,v: cm®/sec; m*/sec; cm/hr; ft¥/sec ----.
(4) Velocity, u: cm/sec; m/sec; cm/min; ft/sec; ft/hr ----.
% %flowrate > {E7LL "iEl” 5 Velocity & 7 [FEAEEL "R
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®m=Mxn M = molar mass
V=UXA A = the cross-sectional area of a conduit
® m=uAp p = specific density (g/cm?; ------------ )
Nn=uAp p = molar density (mole/cm?> ~=s==2ms )

2. Mass Balance for Open Systems:
(2)control volume:
COIT[I’0| SUFfaCe Control volume

dmg, /dt

(2)@Two streams with flow'rates m, and m,

Control surface

are shown directedinto the control volume,
and one streamwith flow rate m, isdirected out.

® Since mass is conserved, the rate of change of mass within thecontrol
volume, dme,/dt, equals the net rate of flow of mass into the control volume.
® Fow directed into the control, volume = positive “+7.
®Fow directed out the control volume = negative “-”.

d : d
m:cc +A(M)=0 or % ~ Al(pAu)s=0 — Eq. (2.25)

d
where \—>

A(M Jis= M, - M=,

Mass balance [I*/ continuity equation

© At steady state=, The control volume containsaeonstantdmassiof fluidgand
the first or accumulation term of Eq. (2.25) is zero,
A(pAu)is =0

®The term "steady state” does not necessarily imply that flowrates are
constant, merely that the inflow of mass is exactly matched by the
outflow of mass.
O Steady state, single entrance and a single exit stream:

p2A2U2 — p]_AlUl =0 or m=const= p2A2U2 = p]_AlUl
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Vi= — 1 Vo= — O ETRIVES ()7t emg ~ m'/kg - )

3. The General Energy Balance:
(1)The rate of change of energy within the control volume equals the net rate of
energy transfer into and out of the control volume.

mass of a stream carries

rom the system

(4)The or on the surroundings. work
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= -A[(U +@a)ut+gh) M+ Q- A[(PV )]s +W,

= -A[(H +@)uP+gh) m]s+ Q + W,
% +A[(H +@P+gh) M= Q + W,
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Flow Processes:

dt

= A[(H +()uP+gh) M = . (only sh twork) » jz
et 5
( (1/z)u+gh) Q + W,
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SA(H+@Au*+gh) =Q/m + W/ > A +—+g Q+Wg
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Example 3-1:
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1hp=746w =746 Jsec ; “J<fiv Cp=4.18 JgK

Example 3-2:
Water at,366.65 K is pumped from a storage tank at the rate of 3.15 x 10 m%,}

he watergoes th
' i to ‘
: sth atur
ater is 958 kg/m?® at 366.65

to th nd tank? (The density o
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Example 3-3:

Air at 1 bar and 25°C enters a compressor at low velocity, discharges at 3 bar, and
enters a nozzle in which it expands to a final velocity of 600 ms™ a the initial
conditions of pressure and temperature. If the work of compression is 240 kJ per
kilogram of air, how much heat must be removed during compression?

0.1kW. Theinlet

ocitiesto be low, fi
pforair =29.17 Jm

heat i nor af done
ube ¢ i v%ou
%on r
70°F 1 past one section of the tube at a OCIty of 0 ft/s
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€ F=ma
O m=10kg: a=2m/s’
F=ma=10x 2= 20 kg-m/s> = 20 Nt

® m=101b; a=2ft/s *10 Ib 4 Ji{ LI 10 Ibyy
F=ma=10x 2 = 20 lb,-ft/s ---- T ¥l American Engineering system
®Define: Fg s o

= 778 Ibs-ft

e gas in the entrance line
in the tank? Neglect heat transfer between the gas and the tank.
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Example 3-7:

A gas at temperature T, and pressure P, is flowing through a pipe. A small amount is
bled off into an evacuated cylinder as shown in the figure below. The bleeding
continues until the pressure in the tank is equal to the pressure in the pipe P,. If the
cylinder is perfectly insulted and the gas is ideal with C, and C, independent of
temperature and pressure, find the temperature T in the cylinder at the end of the

process.

tains n, mole of H

dightly, an [ until the

on the two sides of valve are equalized. Prove that
& charhs ‘
\ a8 ho
wé es of helium left in the chamber,

5 0) vt da# el g ivinin hedimvie/ © S |1/

UA2 = final molar internal energy of helium in the chamber,

= molar enthalpy of helium in the gasholder.
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Example 3-9:

An insulated, electrically heated tank for hot water contains 190 kg of liquid water at
60°C when a power outage occurs. If water is withdrawn from the tank at a steady
rate of m= 0.2 kgs™*, how long will it take for the temperature of the water in the
tank to drop from 60 to 35°C? Assume that cold water enters the tank at 10C, and
that heat losses from the tank are negligible. For liquid water let C, = Cp, = C,
independent of T and P.
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