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Control surface

Reference plane

Typical control volume or open system
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: = _ _ V. A

» [ n — m= pV. A= _2e

) Edjl 1 j pV,dA PVave y

?/ — 4
(a) Actual (b) Average
o o
V=VA (m°s) m=pV=V (kg /s)
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UMIS p2s 1g1) 170902 0)2 6L0) Ugilo
Z min o Z mout = Amsystem (kg / S)

SSSF Ll o — Ll CUls gloaisps

Wy oo bl Sl @ (Y eb plo) CldS 1 gy J4S o SO %
il gloj 0 oy by 9 5 9wyl Gl bl sl o

ZAmCV =0 Zmin — Zmout (kg / S)

dmg,
dt

K3l 0S1)5 L 161)3 SSSF 16l 2001 16
min = mout (kg/S) - IOinV.in = IOoutV.out

Pin = Poye  INCOMpressible assumption

V.in :V out? V_;nAin :V_»outAout
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e l A
P : Wy, =FL=FLZ= =PV = Pmv
?EE P i i A
- i - : Wflow
/<—L—>: | - Wy, = = Pv
| | | m
Imagimary = |eseeciis— J

piston

The total energy of flowing fluid
2 2
& =u+Pv +V7+gz =h +7+gz

Energy transport by mass

72

E .=md=m h+7+gz (kJ)

\72

E .=mf@=m h+7+gz (kW)
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E' E _ AEsystem (kW)
%/_J
Rate of net energy transfer Rate change in internal, kinetic,
by heat, work, and mass potential, etc., energies

: dE
) 0 —W ; _ e W)
Qner + Z ’nz 9} net Z }ne He d t (k

for each mlet for each exit

/2 /2
6 =u +Pv +V7+gz —h+v7+gz

E E out AE cv
= .
Q.+ Z | h + é +gz |-W Z 11, =AE .,
for each mlet for each exit j
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dmg, dE.,
dt dt

SSSF Conservation of Mass: Z m, = Z My (kg/s)

=AE_, =0

SSSF Conservation of Energy:

E in T E out

. v LY
Rate of net energy transter Rate of energy transter
by heat, work, and mass by heat, work, and mass

nto the system from the system
' 72 72
Qn + ’v/Vz'vn + Zn?f hf + + 8 | = Qoa,e.f + I/V;ut + Zn?e he + + 82,
2 2
for each inlet for each exit

—

. . I 7
Qnet — W?e.t = zrne [he + 5

N ] Z _ [h+ﬁ2+ J Qnet:ZQin_ZQout
Z |— n. A+ — Z. . . .
= U 2 = / Wnet = ZWout _ Z\Nm

for eaz:,h exit for eag’h inlet
WWW.AEGHBALI.BLOG.IR . - . -
8 @oly Jud — Sarelizsge)s

EGHBALI.D@GMAIL.COM




Ll b — Ll Ul jglo 2y po

SSSF - one entrance and one exit:

1y, = 1, (kg /s)

O-W =m hy, —h, +—= 2Vl +g(z,—2z) (kW)

SSSF - Engineering Devices:

— Nozzle — Turbine
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SSSF - Nozzles and Diffusers:

&=
/
-

|
9 —— Nozzle —++9 >9,

\

‘___
\
\
\
\
\
\
\
\
\
\
\

- =T |

mm T mow — :

| |

- - - [ ]
m, =m, =m 9 ——~ Diffuser —=9 <9

|

| |

E =E |

f— 1 \\\\\\ |

m ot S

. P . V?
Qner_i_zmr’[hf_'_ é +gzij Wner+zme[he+ 29 +gze]

V - V -
for each inlet for each exit

| 72 | 72
11 771+£ = 11 /12+VL
| 2 | 2

V, =/2(h, —h,) +V}?
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SSSF - Turbines: Control
surface
miri i — I/Vom
1 i
~ | '
mOHf
m. =m._ . 2
”" out Turbine control volume
m, =m, = m
E n — E ot
72
i
Qo + D 10| B +——+gz, M+Zm
2
for ea::rh mlet for each exit
mh, = m,h, + W

V\; out :r;\(hl—hz)
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SSSF - Compressors and fans:

Steady-Flow Compressor

— —

O,.. + > m]|h, +%2+ gz, | =W, +) m,| h,+ VZ‘f +gz.
k for each inlet J k for each exit j
- qu = 1i(h, — )
—(=W,) = ti(h, — hy)
W =m(h,—h,)
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T
SSSF - Throttling devices: X
(a) An adjustable valve
A/
(b) A porous plug
e — 1 (¢) A capillary tube
m. =m, p
. 12 _ 72
) _Z —r _— ) 4 —
Qnet +Zmi hr' + 2 +g“i o I/Vnef +Zme he_l_ 2 +g“e
for ea;:fh mlet tor eazh exit
mh. =mh,
h =h
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SSSF - Mixing chambers: %

Steam 1
> o Saturated water 3
Mixing
chamber >
Cold water > Control U e
old water 1\ SL?rl}arcoe % ter
Hot CT-elbow
Z m in — Z mout
Ein — Eom
. ]2 _ 2
Qnet—i_zihf hr’_'_ é +gzi :er"‘Zﬁ?e he—l_ 29 +gze
for eagil mlet for ea\gh exit
Z m in hin — Z mout hout
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SSSF - Heat Exchanger:

Fluid B

1
7(ic| Flui\:i B ooy l LAirin [PEdB ¢y bo7ndary
| |

“

Heat& i rn
50°C —— - gféA _;a;%ﬁfrtl'— Fluid A
—] v ____—__S'u".’:,m,l“'
air Tlﬁmw, ] mair,2 +Mm i

| )
b e T A GOy %0)
V\fater exit

Il 5
Air exit
Ein - out
mair,lhair,l + mw,lhw,l — mair,Zhair,Z + mw,zhw,z

mair (hair,l o hair,z) = mw(hw,z o hw,l)

mair _ (hw,2 _hw,l)
mw (hair,l o hair,z)
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SSSF - Pipe and duct flow:

Steam to
f turbine
7 2
1
Steam from — ! _‘_>
boiler \ Control
surface
m, =My, = Amsystem (kg / S) min = mout
Fin B Eoutj = AEsystem (kW)
' ———
Rate of net energy transfer  Rate change in internal, kinetic,
by heat, work, and mass potential, etc., energies
mh, =m,h, +Q,y
Qo =mM(h, —h,)
Quu
Qo = —o==h —h,
out m
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SSSF - Liquid pumps: Fluid exit R

51 172 2 [
Q—W:ff{hl—hlJer 2V1 +g(:1—:1]} (kW) |

h2_hlz(uz_ul)_l_[(PV)Z_(PV)l} P_“ﬂlP ,
_ 72 _ 72 W - Az
—W = n{v(Pz —R) +%+ o(z, —:1)} (kW)
- Fluid inlet
Win pump =M [V (P, = P)] (kW) Lot

Liguid flow through a pump

72 72

_W :m|:V(P2_Pl)+V2 ;Vl +g(22_21):| (kW)

72 72

0= m{V(Pz B P1)+V2 ;Vl + g(zz o 21)}
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9lgiSy b cCasleiSy s | ilwo
=955 989959 Pyl *

t t
Inlets: m, = me dt  Exits: m, = Lme dt

rdU o) 03l)y0 JyLS px 0,2 pmti *
(e, —mt,) oy = 0 dr dt
- ICYF
Zmi _Zme = (M, —m;), USUF §l 1 o2 sl +

Floj o3l )0 J 65 pome (A 5 i *
0= J:er and W= J;Wdr
L leiesl e U ezl gogee 31+
ijé’j =J:m{kj +V£+gzj} dt

13S0 by — eSS el Wil B gl Jsl ogild +
E —E . =AE

aut cV

., 7
O-W= Zme[he " ] Zm‘,[h‘, ] (nrgez—mlel)ﬂ,
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