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First law for a thermodynamic cycle

* Based on experimental evidence, first law for a
thermodynamic cycle is given as in egn 5.2 p.97. b

- fon NN

* The total heat transfer around the cycle equals the
total work around the cycle.

* As an exercise apply the first law to the |
thermodynamic cycle of the simple steam power ¥
plant, and the vapor compression cycles in chapter
one. You should take into consideration the sign for
both work and heat.
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Vapor compression cycle

o~ fow

[ - —_
Q condenser Q evaporator

STUDENTS-HUB.com

W

=- W

o _ —_
Q condenser T Q evaporator

compressor

compressor

Afif Hasan -

Heat transfer to ambient
air or to cooling water

4

annnn | High-pressure vapor
-

1 1
1 1
VVUVUUUU

High-pressure

liquid \' Condenser A

Expansion
valve A
\Dd Compressor —3<—— Work in
Low-pressure U
mixture of v
liquid and vapm -
Evaporator ow-pressure

vapor

aVaVaVWaVWa

1
1
— W U

I

Heat transfer from
refrigerated space

dn

Birzeit University

Uploaded By: Mohammad Awawdeh



First law for a process

Undergoes a cycle changing from state 1 to 2 by process A and returning from state 2
to 1 by process B

2 1 2 1 '
[ 80a+] 8Qp = [ 8w, +[ 8,

The system changing from State 1 to 2 by process A and returning to
state 1 by process C

A

[ 8Qu +[,50c = [[8W, + [;aw,

Subtracting the equations we get:

[50s - [ 52c = [, - [ 3%

1 1 |
[, (8Q- 8w, = [ (80~ 8W).
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Energy of the system

= the quantity (dQ -dW) is the same for all processes between
states 1 and 2

= Therefore, (dQ -dW) depends only on the initial and final states and
not on the path followed between the two states.

= That is this quantity is a point function, which means that it is
a property of the system,

= |tis called the energy of the system and is given symbol E
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First law for a change of state of a control mass

* By choosing an arbitrary cycles A-B and A-C as shown
in figure 5.2 p.98 and applying first law to them you
conclude that the difference between heat and work - ;
is constant or path independent as given in egn 5.3, y

dE = 5Q — SW

* This new path independent function is called the total

energy of the system E, hence first law for the control
mass is given by eqn 5.4 as differential form or eqn
5.5in the integrated form.

* £F2—FE1=1Q2 — 1W?2
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First law for a change of state of a control mass

* dE/dt = + energy in — energy out
* Integrating from 1 to 2

* Energy in and out with flowing material also across boundary in form
of work and heat.

* E2-E1 = Energy transfer in — energy transfer out= Q -W

* Energy added as while energy
according to the sign convention.
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Total Energy

* The total energy as given in egn 5.6 consists of the potential energy
PE, the kinetic energy KE and the internal energy U,

e E = KE+PE +Internal energy

e dE=d(KE)+d(PE)+dU

* Now first law is written as in eqn 5.7 dE = 50 — SW
oQ =dU +d(KE)+d(PE) + oW

* But KE = (%)mV?, PE =mgz
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First law for cm

* However when the known forms of PE and KE are substituted in the
first law we obtain the integrated form of the first law in eqn 5.11 p.
101.

m(V2° -V1?)

102 =U2-U1+ +mg(Z2—21) +1IW 2
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Internal energy

* Nature of the internal energy, U, is well explained in chapter two
pp.24-26.

* In summary you make think of internal energy in microscopic level as
the energy of molecules and this energy is of two parts: kinetic and
potential energies. Kinetic energy of molecules takes different forms
as translation kinetic energy when molecules move, rotational energy
as they rotate and vibration energy of the bonds between atoms,
more atoms means more vibration modes and larger kinetic energy.

* The specific internal energy or internal energy per unit mass u is a
property of substance similar to temperature, pressure and specific
volume. Hence it can be tabulated along with the other properties.
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Volume, m Ag Encrgy, Mg
Internal energy G, R T
OO000H1) 00l 0100 o6 00 23753
] ] 0.000% 38 0001000 1597 IS8 23808
e See tables in appendix B. In 0.00] 20 0001000 129.2 293 23850
: : : 00012 9.7 0001000 1087 06 23887
saturation _reg.lor.] mFernal €nergy of 0.0014 120 0001001 9392 503 23919
saturated liquid is given as u;and ~ oome 140 o000 8276 589 23947
internal energy of saturated vapor
as U,.
Volume, m'Ag Energy, Kikg
U = Ur + XU
’ I TG F. MPa v, v, ", "
* AS an exercise determine the =100 0.1013 0001044 1673 4189 2506.5
internal energy of steam with 90% 110 0.1433 0001052 1210 4611 2SIS.1
. o 120 01985  0.001060 058919 5038 25292
quallty at 100 °C. 130 02701 0001070 0.6685 S460 25399
140 03613 0001080 0.5089 S88.7 25500
* See €.8 5.4 P. 125. 150 04758 0001090 0.3928 631.7 25595
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Exampl 3.8

Determine the missing property (P, T, orx) and v for water at each of the following states:

a. T =300°C, u = 2780 kl/kg
b. P = 2000 kPa, u = 2000 kl/kg

For each case, the two properties given are independent properties and therefore fix the

state. For each, we must first determine the phase by comparison of the given information
with phase boundary values.

a. At 300°C, from Table B.1.1, u, = 2563.0 kl/’kg. The given u > u,, so the state 1s in the
superheated vapor region at some P less than P, which 1s 8581 kPa. Searching through
Table B.1.3 at 300°C, we find that the value u = 2780 15 between given values of u at

1600 kPa (2781.0) and 1800 kPa (2776.8). Interpolating linearly, we obtain
P = 1648 kPa

Note that quality 1s undefined in the superheated vapor region. At this pressure, by
linear interpolation, we have v = 0.1542 m’/kg.
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Exampl 3.8 —

Determine the missing property (P, T, orx) and v for water at each of the following states:

a. T =300°C, u = 2780 kl/kg
b. P = 2000 kPa, u = 2000 kl/kg

For each case, the two properties given are independent properties and therefore fix the

state. For each, we must first determine the phase by comparison of the given information
with phase boundary values.

b. At P = 2000 kPa, from Table B.1.2, the given u of 2000 kl'kg 1s greater than

uy (906.4) but less than u; (2600.3). Therefore, this state 1s in the two-phase region with
I'=T,=212.4C, and

u = 2000 =906.4 + x1693.8, x = 0.6456
Then,

v =0.001 177 + 0.6456 x 0.098 45 = 0.064 74 m" /kg.

o G TN R —
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Problem Analysis & solution technique

* Draw schematic of system

e Show boundary of the system ( c.v or c.m)

* Show flow of mass, if any, and of energy heat and work

* Write initial and final states if given

* Draw T-v or P-v diagrams showing all states and processes

* Properties model steam and refrigerant tables, ideal gas and so on.

e Equations including mass conservation and energy equation for c.m or c.v
* Solution technique finding all states, finding heat and work etc.

e Work e.g 5.5 p. 127
* Work e.g 5.6 p.132
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Example 5.5 p.127

* A vessel having a volume of 5 m3 contains 0.05 m3 of
saturated liquid water and rest of saturated vapor at

0.1MPa. Heat is transferred until the vessel is filled with W‘Qz
saturated vapor. Determine the heat transfer for this
process. = Qo 0 ,
Control mass:  All the water inside the vessel. ' "
Sketch:  Fig. 3.17. N :

vapor

Initial state:  Pressure, volume of liquid, volume of vapor; therefore, state | 1s fixed.
Final state:  Somewhere along the saturated-vapor curve; the water was heated, so A

P} = P].
Process:  Constant volume and mass; therefore, constant specific volume. / 1 e
Diagram: Fig. 3.18.
Model:  Steam tables. Vos ¥y v
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From the energy equation we have

\
U —Up 4+ m 5 +mg(Zy — Z)) =102 — 1| W
i'f]iq 0.05
1@, =U; = U mlliq=?=ﬂlm1m3=4?.94kg
Veep 495
M = = = Toaa0 202 ke

£

Uy = m tigle1 lig + M1 vapl | vap

= 47.94(417.36) + 2.92(2506.1) = 27326 k]
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m = my g+ m g =47.94 4+2.92 = 50.86 kg
o 5.0
=—=——=0.09831m/k
2T T 50.86 ke

In Table B.1.2 we find, by mterpolation, that at a pressure of 2.03 MPa, v, = 0.098 31
m"/kg. The final pressure of the steam is therefore 2.03 MPa. Then

uy; = 2600.5k]/kg
Uy = muz = 50.86(2600.5) = 132261 kJ
102 = Uy — Uy = 132261 — 27326 = 104935 k]
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Example 5.6 S —
" TT 1

* A cylinder fitted with a piston has a volume of 0.1 m3
and contains 0.5 kg of steam at 0.4 MPa. Heat is
transferred to the steam until the temperature is 300 ° 1 ” I ’ ‘I }l ’ ‘ ””
while the pressure remains constant. Determine the
heat transfer and the work for this process. 0 > @as

m(V2° -V1?)

1Q2=U2-Ul+ +mg(Z2-21) +1IW 2

W=PWlV2—-V1)=P(mv2-V1)

U2 —Ul=m(u2—ul) / \/
y \ ]

Find vl=V1/m then x1 then / -
ul at 0.4MPa, - -
stxtate 2H0diRa , 300°C Al Hesen Birzelt University Uploaded By: Mohammad Awawdeh




Example

The piston/cylinder setup shown in Fig. 3.20 contains 0.1
kg of water at 1000 kPa, 500-C. The water is now cooled
with a constant force on the piston until it reaches half of
the initial volume. After this it cools to 25°C while the
piston is against the stops. Find the final water pressure
and the work and heat transfer in the overall process,

3.11

and show the process in a P—v diagram.

P

1000

1a i
L [ "\
— 2
I I
0.177 0354 V¥
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We recognize that this 1s a two-step process, one of constant P and one of constant V. This

behavior 1s dictated by the construction of the device.

State I: (P,T) From Table B.1.3;v; =0.354 11 m*/kg, u; = 3124.34 kl/kg

Process 1-1a: P = constant = F/4
la—2: v = constant = vj; = v = wv|/2

State 2: (T,v2 =v/2=0.177 06 m"’kg)

0.17706 — 0.001 003

Xo=(va—vy)fvg =

43.3583
= 0.004 0605
w1 = s+ x3u ry = 104.86 + 0.004 0605 x 2304.9
= 114.219kJ /kg
STUDENTS-HUB.com A Hsan e pnvery
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2

. 2
[H’r;=f PﬂrF:mf Pdv=mPyi(vig —vi)+0
] |

— 0.1ke x 1000 kPa(0.17706 — 0.345 1) m* kg = —17.7kJ

Note that the work done from la to 2 1s zero (no change in volume), as shown in Fig. 3.21.

102 =miup —uy)+ |05
— 0.1kg(114.219 — 3124.34) kJ/kg — 17.7Kk)
= —318.71k]
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Thermodynamic property enthalpy

 Combination of thermodynamic properties forms another
thermodynamic property, enthalpy is one example of such property.
Total enthalpy is H and specific enthalpy is h and it is defined as

h=u+Pv

* H=U+ PV and

* Refer to appendix B to get values of enthalpy. Note in saturation
region enthalpy of saturated liquid h; and enthalpy of saturated

vapor h_, h,, for evaporation or latent heat

P. MPa P &
DDA ool
Oo0s iS5
15 1) 70
D Y

sTUDENTEIB.com' +¥

Volume, m g Encrgy, Mg Enthalpy, Kikg

! v Iy o hi hf h'
OO0 2060 00 MATAR 00 501.3 240183
0001000 1597 IS8 i8NS IS8 24928 28083
001000 192 29 3 23850 N3 24849 25142
QOO0 10K 7 30 6 Jisx 7 06 28788 259
OMI00l 93192 0.3
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Enthalpy

e Enthalpy of mixture of liquid and vapor :h = h: + Xh o (T T T 7]
* An example of how the enthalpy appears in problems is the

isobaric expansion of simple compressible control mass.

Refer to p. 108 for development of such example. 117 ' " " ' I

* Question: Find enthalpy for the following:

Water 200 °C, 1 MPa; R-12 10 °C, 70% quality; and water at Q > Gas
critical point.

* |Internal energy u may be calculated from the enthalpy
values as,

u = h-Pv

* Question: Calculate internal energy of superheated
ammonia vapor at 1200 kPa , 100°C.
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Example 3.12

A cylinder fitted with a piston has a 2
volume of 0.1 m3 and contains 0.5 kg of
steam at 0.4MPa. Heat is transferred to 1 1T |
the steam until the temperature is o —RENa N Fa=Fy
300°C,while the pressure remains
constant. Determine the heat transfer

Control mass:  Water inside cylinder. 1

Process: Constant pressure, P> = P

Initial state: Py, V|, m; therefore, v| 1s known, state 1 1s fixed (at P}. v;. check V
steam tables—two-phase region). P

Final state: P, T2; therefore, state 2 1s fixed (superheated).
Diggram: Fig. 3.23.
Model: Steam tables.

1O = miur — )+ W5 r / \_
= ] H"'\-.\____ .I!, _ .!1

W =J'Pd:f - Pf_dF — P(Va— V1) = m(Pyva — Piv))
STUDEN¥8-HUB.com 1




102 = mluy — )+ 1 W2
= m(uz —u1) +m(Prva — Pyvy) = mlh2 — hy)

v, 0.1 m3

= _0lm — 0.2 = (0. ﬂl}I{lEﬂr—l—xll}%H}—
m 0.5 kg kg
0.1989 )

X = oo = 04311

|ﬁ| =hf+l|‘&fg

— 604.74 + 0.4311 x 2133.8 = 15247 kI/kg
hy = 3066.8 kl/kg

102 =05kg (306658 — 1524 T)kl/kg =T7T71.1k]
W2 =mP(vy —vy) =105 x 400(0.6548 — 0.2) = 91.0k]
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Constant —volume and constant —pressure specific heats

 Specific heat is defined as heat added per unit mass per degree.
specific heat = dg/dT

* In general the temperature is related to pressure and volume by state
equation, but T =f ( P, V).

* When heating you may fix P or V.

* Specific volume at constant volume C, is the heat added per unit mass
per degree keeping volume constant.

* Specific heat at constant pressure C, is the heat added per unit mass
while keeping pressure constant.
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Constant —volume and constant —pressure specific heats

* First law per unit mass: du = dg- dw also dw=Pdv

* Then at fixed volume C, =dq/dT=du/dT C, = (:j—;)
* At constant pressure recall dq = dh cany
» Then C, = dq/dT = dh/dT Cp = (F)

%,

 Specific heats as function of temperature are given in table A.6 while
specific heats of gases at 300 K is given in table A.5.

* For solids and liquids only one value of specific heat, since raising
temperature does not effect significantly pressure and volume.

* Specific heats for various solids and liquids are listed in Tables A.3 and
A.4 in the appendix
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Internal energy, enthalpy and specific heat of ideal gases

* Recall the ideal gas eqgn
Pv =RT

It can be shown that for an ideal gas the is a function of
. This was demonstrated the first time by Joule in 1843, see

and analysis in p. 135.
* Sine internal energy of ideal gas is a function of temperature only
u="f(T)only
then the specific heat at constant volume C, =dq/dT=du/dT
C,, =du/dT = du=C,dT, the subscript o denotes specific heat of ideal gas

Integrate to get
Au = fTTlZ C,darT Function of C,, is given in table A.6
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 Two chambers one gas a second vacuum, water bath

* Open valve and gas expands into both chambers, no change in
temperature.

* No heat transfer, no work, why? Hence no change in u

* Now pressure and volume changed however u did not change
meaning u is not a function of PV. results it is function of T only.

* For ideal gas u=f(T) only

STUDENTS-HUB.com Uploaded By: Mohammad Awawdeh



Specific heat at constant pressure

* Similarly it can be shown that enthalp¥ of ideal gas is a function of
temperature only (prove this using definition of enthalpy).

h=u+Pv=1(T)+RT
* The specific heat at constant pressure for ideal gas C, = dqg/dT = dh/dT
becomes C,,=dh/dT then
dh=C,, dT
Integrate to get

Ah = fTTlZ C,,dT see table A.6 for the function
T2 T1
For h;see table A.7 for air and A.8 for other gases
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TABLE A5
Properties af Varioas Ideal Gases at 25°C, 100 kPa* (8T Units)

Chemical Molecnlar & a Cra o c

Gas Formula  Mass (kp/kmol)  (kikgK)  (kgm')  (RVkpK)  (kIkpK) k=T
Steam H;0 18.015 0.4615 0.0231 1.872 1.410 1327
Acetylene C.H, 26.038 03193 .05 1.699 1.380 1231
Air — 28.97 0.287 1169 1.004 0717 1400
Ammonia NH: 17.031 0.4882 0.694 2.130 1.642 1297
Argon Ar 39.948 0.2081 1.613 0.520 0312 1667
Hutane CaHip 58.124 0.1430 2.407 1716 1.573 1.091
Carbon dioxide Coy 44.01 0.1889 1.775 0.842 0.653 1289
Carbon monoxide €O 28.01 0.2968 1.13 1.041 0.744 1399
Ethane CoH, 30.07 0.2765 1.222 1.766 1.490 1186
Ethanol CzHs0H 46.069 0.1805 1.883 1.427 1.246 1145
Ethylene CzHs 28.054 0.2964 1.138 1.548 1.252 1237
Helium He 4.003 20771 0.1615 5.193 3116 1.667
Hydrogen H; 2016 4.1243 00813  14.209 10.085 1.409
Methane CH, 16.043 0.5183 0.648 2.254 1.736 1299
Methanal CH,0H 32.042 0.2595 1.31 1.405 1.146 1227
Neon Ne 20.183 0.4120 0.814 1.03 0.618 1.667
Nitric oxide NO 30.006 02771 1.21 0.993 0.716 1387
Nitrogen Nz 28.013 0.2968 1.13 1.042 0.745 1.400
Nitrous oxide N0 44.013 0.1889 1.775 0.879 0.690 1274
n-Octane CgHyg 114.23 0.07279 0.092 1711 1.638 1044
Oxygen 0, 31.999 0.2598 1.292 0.922 0.662 1393
Propane C3Hy 44.094 0.1886 1.808 1.679 1.490 1126
R-12 CCLF; 120.914 0.06876 498 0.616 0.547 1.126
R-22 CHCIF; 86.469 0.09616 354 0.658 0.562 1171
R-32 CFaH; 52.024 0.1598 2.125 0.822 0.662 1242
R-125 CHF,CF,  120.022 0.06927 4918 0.791 0.722 1.097
R-134a CFCHF  102.03 0.08149 4.20 0.852 0.771 1106
R-410a — 72.585 0.11455 2.967 0.809 0.694 1.165
Sul fur dioxide S0 64.059 0.1298 2618 0.624 0.494 1263
Sul fir trioxide S04 80.053 010386 3272 n.mUp|Oa€@d By:adMo
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TABLE A7 .1

Tdeal Gas Properties of Air, Standard Entropy af @& 1-MWPa (1-Bar} Pressare

T u h % T " h f
(K) (klkg)  (kdkg)  (klkeg-K) | (K) (klkg) (k&g (klke-K)
200 14277 20017 646260 1100 84545 116118 824449
2720 157.07 22022 655812 1150 BEO.21 121930 B.29616
240 171.38 4027  6.64535 1200 93337 127781  B.M45%%
260 185.70 26032 6.72562 1250 077.89 133668  B.39402
280 200.02 280,30 670008 1300 102275 139589  B.44046
290 207.19 0043 6.83521 1350 106794 145543  B.48539
29815 21304 862 6.86305 1400 111343 151527  8.52891
300 214.36 0047  6.R6926 1450 115920 157540 857111
320 278.73 12058 6913 1500 120525 163580  B.61208
340 243.11 HOTD 699515 1550 125155 169645  B.GSI8S
260 257.53 6086  7.05276 1600 129808 175733 E.G905]
380 271.99 IBLO6  7.10735 1650 134483 181844  B.72811
400 286,49 400130 7.15926 1700 139180 187976  B.76472
420 30104 42159  7.20875 1750 143897 194128  E.E0039
440 315.64 4193 7.25607 1800 148633 200299  BEIS1G
460 330.31 46234 730142 1850 1533187 206488 86008
480 345,04 48281  T.34490 1900  1581.59 2126905 500219
500 350,84 50336 738692 1950 162947  2189.19  B.93452
520 374.73 52108 74176 2000 167752 225158 E.96611
540 DD SH69 746642 2050 172571 231413 B.99699
560 404.74 56547  7.50422 2100 177406 237682 9.02721
580 419.87 58635 7.54084 2150 182254 243966  9.0567%
GO0 435.10 607.32  7.57638 2200 187116 250263  9.08573
620 450.42 62838 7.61000 2250 191991 256573 011409
640 465.83 64953 764448 2300 196879 262896 914189
660 481.34 670.78  TATTIT 2350 201779 269231 916913
630 496.94 692,12 7.70903 2400 206691 275578 019586
700 512.64 TI1356  7.74010 2450 211614 281937 922208
720 521844 TI510 777044 2500 216548 288306 9. )
740 544.33 756.73  7.20008 2550 221493 294686 mﬂ) a|d ed By' Mohammad Awawdeh



Constant specific heats

* Assuming C, , is constant then
u, —u; = Cy (Ty-Ty)

* Assuming C,, constant then
hy-hy = Cp (T-Ty)

* Constant specific heats are given in table A.5 at 100kPa and 25 °C
For air C,, = 1.004kl/kg.K, C,,=0.717 ki/kg.K

e Question: find the change of internal energy and enthalpy for
nitrogen as it is heated from 300 to 360 K.
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Dependence of specific heat on temperature

* Dependence of specific heat on temperatureis s+
illustrated in figure 5.11 p.137, from the figure )

note the following: 7t
* Monoatomic gases such as the noble gases _
specific heat is constant regardless of 6
temperature. i

* Diatomic gases such oxygen nitrogen and ¢ 5[
air weak dependence of specific heat on ’
temperature, and for most applications it 4b
can be assumed as constant specific heat i
specially in narrow temperature ranges. S .

. Ar, He, Ne, Kr, Xe
* Polyatomic gases such as water and carbon _ _
dioxide specific heat dependence on %0500 1000 1500 2000 2500 3000 3500
temperature is strong. 7K
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Dependence of specific heat on temperature

* temperature specific heat dependence can be explained in
relation to the modes of vibration of the molecules.

* As more atoms means more bonds and more vibration modes
and stronger temperature dependence on the internal energy
and hence the specific heats.
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Relation between specific heats

* From h =u +Pv =u + RT, the differential with T
dh=du+RdT, butdu=C,dT, dh=C, dT then
C,, dT =C,dT + RdT divide by dT to get
Coo=Co*+Ror
Cpo — Cvo =R
Check for air R=0.287, C,, = 1.004kl/kg.K , C,, =0.717 kl/kg.K
* For mole basis
Cpo o Cvo = R
e See example 5.7 p. 139
* Work e.g 5.8 p. 140
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Example 5.7 p. 139

 Calculate the change of enthalpy as one kg of oxygen is heated from
300 to 1500K, assume ideal gas behavior.

* Most accurate using ideal gas tables A.8
h2 —h1l=1540.2 -273.2 =1267 ki/kg

Integration of specific heat as function of temperature will give a good
result. Table A.6 for Cp(T)

" Assuming constant specific heat gives a reasonable but not accurate
result. Cpo at 300 K from table A.2

h2-h1l =Cpo (T2-T1) =0.922* 1200 = 1106.4 klJ/kg
which is low by 12.7%
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Example 5.8

 Cylinder fitted with a piston has an initial volume of 0.1 m3 and
contains nitrogen at 150 kPa, 25 ° C. The piston is moved ,
compressing the nitrogen until the pressure is 1MPa and temperature
is 150 ° C. During process heat is transferred from the nitrogen and
the work is done on the nitrogen is 20 k). Determine the amount of
this heat transfer.

102 =m(u2 —ul) + 1W2

PV _ 150X0.1

m=-—= * 298.1 = 0.1695kg.
RT  0.2968

102 = mCvo(T2 — T1) + 1W2
102 = 0.1695X0.745X (150 — 25) — 20 = —4.2k]
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The first [aw as a rate equation

* The first law as a rate equation is given

dE . .
a- ¢

 such form will be used when applying first law to control volume in
the next chapter.

* See key concepts and formula page 145.
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The first [aw as a rate equation

* The first law as a rate equation is given

dE . .
a- ¢

 such form will be used when applying first law to control volume in
the next chapter.

* See key concepts and formula page 145.
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=
CONCEPTS lotal enerey
AND Kinetic energy

Potential energy

Specific energy

Enthalpy
Two-phase mass average

Specific heat, heat capacity

Sohds and hquids

STUDENTS-HUB.com

1
E=U—I—KE+PE=mH—I—Em\f2+ng
|

KE = Emvl

PE=mgZ

1
E=H+E\f1+g£’f

h=u+ Pv
=y +xupe = (1 —x)ur + xu,
h =.F.|!_|.*'+I.F.I!_Irg =1 —I}ﬁf —|—I.F.|!L.

du dh
.= (57): &= (a7),

Incompressible, so v = constant = vy (or v;) and v small

C=C,=C, [Tables A.3 and A4 (FE2 and F.3)]

uy —uy = C(IH — 1))

hy —hy=ur —uy +vih — Py)  (Often the second
term 1s small.)

h=hs+vi(P— Py): u =uy (saturated at same T)
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Ideal gas

Energy equation rate form
Energy equation integrated

Multiple masses, states

Work
Heat

STUDENTS-HUB.com

h=u+Pv=u+ RT (only functions of T)

d i dh
C,=—:C,=—=C,+R
Y odTT R dT +
ux —uy = | C.dT =C(I: — )

By — b, :ffpdrgcp(ﬁ—m

E=0—-W (rate = +in — out)

EI—E| =1Q1—[.FF;! {Chﬂﬂgf-:-l-il'l—ﬂllt:l

1
m(ez —e1) = m(uz —uy) + EMW% — V) + me(Zy — Z))

E=HIA'EA + mpeg +Meer + -« -

Energy in transfer: mechanical, electrical, and chemical

Energy in transfer caused by AT

Afif Hasan -Birzeit University
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2 2 2 2
Displacement work W= f Fdx = f PdV = f SHda = f T do
l l | |

Specific work w= W/'m (work per unit mass)
Power, rate of work W=FV=PV=Tw (¥ displacement rate)
Velocity V = rw, torque T = Fr, angular velocity = w
Polytropic process P¥F" =constant or " = constant
Polytropic process work Wh = IL{PI =P V) (fn#1)
—n
V5 ]
Wa=PAFiin— (fn=1)
Kl
dTl AT
Conduction heat transfer O=—kdA— ~ k44—
dx L
Conductivity k- (WmK)
Convection heat transfer O=hAAT
Convection coefficient h(Wim? K)
Radiation heat transfer O=ecc AT —T2.) (o0 =>567x107"W/m?>K"
(net to ambient)
Rate integration 105 = f Qdt =~ Q,,, At
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End of First Law for CM
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