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AVAILABILITY

It has been shown that a fluid under given conditions will have a certain
amount of useful or available energy and a certain amount of unavailable
energy. The actual value of the available energy is dependent upon the
temperature of heat rejection and will vary for different temperatures of
heat rejection even if the fluid conditions remain unchanged. This leads to
" the creation of a new parameter termed availability.

The total energy Q in a fluid is made up of available energy AE and
unavailable energy UE.

Q =AE+UE

If heat is added to the fluid at condition 1 so that a new condition 2 is
achieved then the heat added from 1 to 2 will be equal to the change in AE
and UE between conditions 1 and 2.

Q12 =AE12 + UEq»

The total heat added is equal to the change in enthalpy Ah and the changé
in unavailable energy is equal to ToAs where T, is the temperature of heat
rejection. '

Ahy.p, = AE| 5+ TyAs1.9
AE 1, =Ahjj + TyAsq2
AE1_2 = (h2 - hl) - To (82 - Sl)

If the change in AE from 1 to 2 is considered to be the change from
conditions at the temperature of heat rejection T, to new conditions at a
higher temperature Ty

AE, x = (hy - by) - To(sx - 8o)

For given conditions at temperatures T, and Ty AE, y will have a unique

value. This is a parameter of the fluid just as enthalpy and entropy are
parameters and is termed availability a. The availability is determined
as follows:

a = (h-hg)-Toy(s-sp)
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Availability does not appear in steam tables since it is dependent upon the
temperature of heat rejection T,. Note that availability has the same units
as enthalpy (kJ/kg).




"AVAILABE ENERCY KRELATIONS

ToTAL ENERGY =  AVAILABLE ENEKGY + UNAVAILAGLE ENEXCY
& = AE + UE
Fo£ A FlLow P;(océs"s FRoM STMTE | To SYATE " 2
ENERGY ADDED = CHANGE IN AE + CHANGE IN UE

Q-4 (ﬂé),_, + (“e)n—zv

ENERGY ADDED

CHANGE _IN _ENTHALPY
§i-2 = bh_,

Wi INﬁ‘.fﬂS'vﬁ‘, IAN\;,:i"iIlNﬂVHIvLﬁSﬁ ENERBY 1S “ﬁl.l‘lflb, TD INCHEASE IN ENYHOPY
wiTh ReSreer Te To

CHANGE IN UE ), =  CHANGE IN . ENTCOPY % T;
UE |, = To &s |_,
CHANGE IN AE =  ENELOY ADDED — CHANGE IN  UE
AE .y = B, — Tobs,
i N"l-z - T, A5,

THUS  CHANGE IN  AVAMILRBLE ENEXGY Flom STMYE | To .s,'mvré 2

AE,., = (he-h) - T.(s2-5))
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AVRILABLE ENELEY  MAY BE  REDEFINED AS

A FLWD
PRoPELTY AS IS ENTHALPY  AND ENTROPY THUS
INSTEAD OF  CONSIDELING THE  CHANOCES THAT  TRKE
PLACE IN A  Flow  PRoceSS  THE  PoTENTIALLY

AVAILABLE - ENERSY v A FLuUiD MAY  BE  SPECIFIED
Fol CIVEN ConDITIONS . THIS . CAnv  ALSo

BE IMAGINED AS A CHANGE.  FAKOM | THE
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AVAILABILITY e

£ = (h-h)- T (s- <)

WHELE A CAN B LECALDED AS THE CHANGE

CIN  AVAILRBLE  ENELSY  FAoM  STYE T, . CoMPAKE_
THIS  WITH : ‘ N 3

ﬁfo_, = (h.,"‘. l"o) - T (31' go)
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AVAILABILITY

For simple heat exchangers the change (loss in this case) in available
energy is given by an expression of the following form:

A2 = M[(hy - hp) - T, (51 - 82)]

where point 1 is the initial condition and point 2 the final condition. This
is analogous to the expression for total energy lost:

Ej2=M(h;-hy)

Now hj and h, are referred to an arbitrary zero condition (water at 0°C)
and the value of h is really the difference between h at the given point and
h at the zero condition

The same applies to available energy. This can be referred to an arbitrary
zero condition (heat rejection temperature ) point 0 such that the change in
available energy from point 1 to point 2 is considered to be the difference
between the change from condition 1 to condition O and the change from
condition 2 to condition 0. Thus the expression for the change in available
energy as given above becomes:

Aj.2 = MI{(hy - hy) - To (51 - 89)} - {Chy - h) - Tg (52 - 85) }H]
This can be rewritten as: |
Aj.2 = Mlajg - a2.9]
or simply:
A2 =M(a - ap)
where:

a; = (hy - hy) - Ty (51 - So)
ap = (hy - hy) - Ty (53 - 80)

In these equations availability a is a property just as enthalpy h and
entropy s are properties. The availability a however varies with the heat
rejection temperature T,.
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In solving problems on available energy it is often convenient to calculate
all the values for availability referred to the heat rejection temperature
and then to simply treat the availability as a fluid property.




NOTE ON AVAILABILITY b, = o'
tz, = ho'C
[ b; = 30°C
Q‘,so- t, = 4.0°c
140 T2~ & o
g e
h' = §90.51
100 L h’_ = 169.11
hy = 148.38
T meEK,/ WATER h, = 189.52
(°¢)
S = .79
@ S, = 0.5U¢
30 ©/ ® S, = 05626
) @ - ]
lo o Te = lo¢
o+ Y 4 r
0.0 0.5 t.o 1.5

S
(kT [kg°c)

CHANGE IN AVAILABLE ENELeY FRom (D To @)

Al-z = G [(;‘l“h'—) - T (gt"fz)-_]

|1F AVAILABILITY AT EACH Poinr IS KEFERRED Yo T,

(hl"hb) - Te (S“"S'o>
(hi-h,) = T, ($2-5)

a |
Ay

W

CHRNGE IN AVAILABLE ENELEY FRoM () To @

Ai-z g[g‘(h_ 4;‘1'.] T, ( . >-§
1—No ) — o (Si— 3o
. S I RVAL PN
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FEEDWATER HEATER SYSTEM ANALYSIS

Any feedwater heater or system of feedwater heaters can be analysed.
The steps are similar to those for calculating thermal cycle efficiencies. All
parameters and flows are required at the inlets and outlets of the heaters.
Enthalpies and entropies are required and the temperature of heat
rejection must be known to enable the availabilities to be calculated.

a =(h-hy)-Ty (s-5s5)

The temperature of heat rejection may be taken as the lowest temperature
occurring in the system but is usually more conveniently taken as the
temperature of the environment to which heat is rejected.  This is
generally the temperature of the sea or lake for power plants in Canada.

The illustrative calculations have been done by hand and show the thermal
efficiency n and effectiveness (of available energy transfer) °.

~ Calculations of availability for a multicomponent system can be tedious
. and are suited to micro-computers. Great benefit can be obtained if
equations for fluid properties (enthalpy and entropy) can be programmed
into the computer). Suitable equations are given in the following reference

IRVINE, THOMAS F. and LILEY, PETER E., "Steam and Gas Tables with
Computer Equations”, Academic Press, London, 1984.
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S | L.¢38 kilkg®c S | b-608 kilky'c g | 6.557 kT|kg"c 2, b.428 kT|hg%c
P 10.1 bar P 16.1 bar P 30.6 bar P | 49.5 bar
t | 189.4°C ¢t | 236°C t | 306.7°C ¢t | 357.8°C
H | 2800kJ/kg H | 2879 kd/kg H | 3010 kJ/kg H | 3100 kJ/kg
/, | 180.2°C t, | 202°C t, | 235°C t, | 263.3°C
O) H, { 2778 ki/kg H, 1 2792 kJ/kg H, § 2802 ki/kg H, 1 2792 ki/kg
h, | 770kd/kg h, | 858 kd/kg h, | 1012kJ/kg h, | 1150 kJ/ky
b 250 ba Q | 18kg/s @ Q | 11.7kg/s @ Q | 19.7 kg/s @ Q | 21.4kg/s @
o e y . 232.2°C te 262.8°C
te 143.9 c M. te 17:7.6 c . te 19_3.1 o P, fe 232 P, ¢ 262,
he 644 kJ/kg Heater he 762 kJd/kg :eatgr he 856 kd/kg nga‘;’ he 987 kJ/kg ngatgr he 1170 kd/kg
S 8ok No.5 s Logs ° s 2.2% ‘ s 2.585 - s 2.84okI[ig%
T.T.D.3°C TT.D. 3C | T.T.D. 3°C T.T.D. 0.5°C
v ® @ ® |
Q4 70.8 kg/s Qg4 52.8 ka/s Q4 41.1 kg/s Qy 21.4 kg/s
t, 180.2°C ty 183.2°C ty 204.7°C ty 237.8°C

hg 770 kJ/kg

S 2.144 kﬂkg %

ha_ 776 ki/kg

S 2.17 kifky e
Figure 12.18 HP feed heater conditions for a 375-MW supercritical pressure unit (CEGB)

he 872 kd/kg

$ 4.395 kilky*c

ha 1027 kd/kg
S 2.481 lcT[k:'c



FEEDWATEK HEATER SYSTEM ANALYSIS

- REFeR To  DIAGKAM 0F HP FEEDWATEK HEATERS
ASSUME  TEMPERATURE OF HEAT KRETECTIoN To BE 217°¢
To = 3doo °C
AVAILABILITY 1S OIVEN  BY THE FoLLowING KELATIONSHIP

Noré THAT Avml_hkluﬂ CAN B€ CLowSIDEKED A
PROVEXTY AS IS ENTHALPY 0f ENTRoPY :

a = (h-h)-T. (5-5)
AT t, = 27°¢

che = N3 KTlkg

So = 0.348 kTIkg °C

"

a (h - HN3) - 300(S- 0.398)

CALEULATE  AVRILABILITY AT EACH PoINT

a, = (6 -113) - Z00( 1806 — 0.395)
= 93 - 413

A, = (T2 - 113) - 300 ( 2.08¢ - 0.345)
= ted - S92
= 141 kT“tg

Ay (656 - 113) - Zoo (2.2¢¢ - 0.345)

743 - S$¢&
118 k-TIkg

LI
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(987 - 113) - 3oo (2.569 - 0.398)

Fl¢ - £5¢
214 kTHtg

(1170 - 113) - Soo (2.8 - 0.395)
1087 — 740
219 kT“{J

(2800 — 143) — 300 (6.633 - 0.345)
24L87 — [£11 |
gt kT|h

(2699 - 113) - 3ao(ééaz—a 39¢)
2166 — 1842 ‘
90 4 .kT“{g.,.

(3010 - I-J,S){ — 3oo (6.:5’5’7 - 0.39¢)
16917 — 1849
10%£ lCT[ks, -

(3too - 113) — 300 (.88 — 0.345)
1987 - 818
11549 kr[k?

(770 - 113) - 300 (2. 143 —0.39¢)
657 — S, -

133 krlkj

(776 = 13) - 3oo ( 2171 - 0.395)
bb3 - 933

130 lcTIlcf

(872 - 143 ) — Foo ( 4.31¢ - 0.395)
181 - 7%

169 krlk?
(1022 = 113) — 300 (2.68 — 0.395)
9le — 686

228 krlk3




HP HEATER No. b
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(762 - 83 ) — #oo (2.085 1. m)

- 228 - 193

30 kT|ky
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123 /cTIkg
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CHP HEATEK No. b

AIIJ 05(47"404) + 6)(412— a4,
1.7 (345 =19 ) + 41 (29-18)
3861 + §1¢
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. G’w (43— 41_\
295, ) (4€- 3%)
4890 kT]s
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NoYE THAT THE EFFECrIVENLSS OF TRANSFEK OF AVAILAELE
ENERGY - IS . DEAENDENT . UPON  THE  TEMPEKATURE OF
HeAar  ALreerion -
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RANKINE CYCLE EFFECTIVENESS

Having established a method for the determination of availabilities and
hence the levels of available energy in a system the next step is to apply
these principles to the analysis of a thermodynamic cycle.

A simple superheat cycle with a boiler, turbine and condenser may be
used as an example. The boiler supplies superheated steam at 5 MPa and
500°C to a turbine in which expansion is isentropic. @~ The condenser
operates at a temperature of 30°C and this is taken as the temperature of
heat rejection since no separate cooling system in considered. '

Considering the cycle as a whole the heat input Qpy = 3308 kJ/kg and the
work output Wqoyr = 1326 kl/kg. This gives a thermal efficiency n = 0.40.
The available energy portion of Qpn is Ay = 1326 kJ/kg. This gives a
thermal efficiency m = 0.40. The work output is all available energy so
Agut = Wout = 1326 kJ/kg. This gives an effectiveness of available energy
transfer ~ = 1.00.

Note that this simple example does not take account of energy transfer in
the boiler or condenser and assumes that the turbine has no losses.




EFFECTIVENESS IN THE RANKINE CYCLE

/2; Sop°C

§opC - v

FLuip PloPedNIES

hy = 1 ng, S = 0.437 kil ¢
he = 43¢ kily s, = 6976 kT|kg’c
hs = 2ot killy s; = 6.9% killg‘c
Sg = S'f + 4 S,fg |

6.9 = 0.437 + 2, &oif |
0.816

25 = (6.9% -0.437)] 801t =

hy = 116 + 0.816 (Ze30) = Zio&
TEMPLUATUte ©OFf  HeEar Rereerion = 3o°c

To = 303 °K

ho = 1% kil

So = 0437 kT[kg°K

a = (‘h—ho)—ﬁ(f--‘fo)

(h- 1) - 303 ($- 0.437)




(126 - 12%) - 303 (0437 - 0.437)

a, =

Ay = (3¢3¢ - 126) — 303 (6.97% — 0.4¢31)
= 4306 — 1962
== 1326 kT ’k.f

4, = (2008 — 126 ) — 303 (£.9% — 0.437)
= - 1982 - 19¢€4
= o kilk

EFFILIENCY DF KANKINE EYCLE

@l” = kz_"‘ ‘|| e
= 363 — 116
= 3308 kT|kg

Wour = hz.* "l3
= 343¢ — ok
= 1326 kilky

4'(, - Wour [ @/m- |
= 1324 | 338
= 040

EFFECTIVENESS OF AVAILABLE ENELEY YUAMCIER
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QUESTion
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EFFECTIVENESS IN A STEAM TUREBINE

INLET SYéAM  foNDITIONS

§%00 ’c

FLuldp PROPERTIES

hy = 33 killy

St = 4.9 ki|kqg®K

S2 = 6.9 kTlkg

S = S¢t %S

8490 = hetn kg

2, = (6.9%-0.437)) 8016 = 0.8¢
h, = hf + 3‘;‘1{—3

he = 126 + 8.8 (2430)

hq_ = 2108 ki lk’
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a4, = 1329 kTILZ
a; = (281-120) - 303 (187 - 0.¢3)
= 22671 - 2244
= l kT/k:
REy = 4, - a3
= (327 -}
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A’éoar= e — 13 .
= 3¢3e - 2373
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€ = Af.|ARE, = 1061]1324 = o.&
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Figure 12 Turbine expansion on a temperature versus entropy diagram



