SCIENCEDOMAIN international

www. sciencedomain.org

SDI FINAL EVALUATION FORM 1.1

PART 1:

et

%9
S (0

zJ

SEDORAR

Journal Name:

British Journal of Applied Science & Technology

Manuscript Number: 2014_BJAST_12111

Title of the Manuscript:

Power plant driven by residual heat rejected by the bottoming low pressure steam turbines

PART 2:

FINAL EVALUATOR’S comments on revised paper (if any)

Authors’ response to final evaluator’s comments

It follows from the first and second law that the highest
efficiency any heat engine operating between two thermal
reservoirs is given by the carnot efficiency. This is easily
proven. You have not presented a valid proof for why a
heat engine operating between two thermal reservoirs can
have a higher efficiency than the Carnot efficiency. Your
cycle is operating between two thermal reservoirs and is
therefore bound by the Carnot efficiency. If you have
constructed an engine that operates between two thermal
reservoirs and has a higher efficiency than the Carnot
efficiency you are in violation of the laws of
thermodynamics.

Please find below the response to the Reviewer comments, which contributed to tleereenaof the paper

From the first and second laws the highest efficiency any (Carnot based) heat engine operating between two thermal
reservoirs is given by the Carnot efficiency. We agree with you that this is easily proven.

However, from the first and second laws only is easily proved that the highest efficiency any heat engine operating
between two thermal reservoirs is lower that 100% (Kelvin-Plank).
In what follows there are answered your reasonable doubts.

The comparison of the Carnot cycle with a Non Carnicycle

1. Introduction

Carnot proposed a specific cycle, known as the @aycle, consisting of two isothermal and two &digc processes in which wheney
the working fluid exchanges energy with either resi, the temperature of the working fluid is kepé same as that of the reservoir.
Whenever the temperature of working fluid diffemsrh the temperatures of the reservoirs, the workird is thermally insulated.

He argued that this cycle is the most efficienalbtycles that convert heat to work by using twsarvoirs of different temperatures.

1.1. The two propositions concerning the Carnot cye.

The relevance of the Carnot cycle is appreciatedrims of two propositions.
1) . Itisimpossible to construct an engine that afEs between two given reservoirs and is moreieiffifithan a reversible enging
operating between the same two reservoirs.
2) All engines that operate on tlarnot cycle between two given constant-temperature reserhaive the same efficiency.
This cycle is relevant due to various reasons. Hewthe most relevant concerns to the fact thah@aargued without any consistent
demonstration that this cycle is the most efficiginll thermal cycles that convert heat to workusyng two reservoirs of different
temperatures.

2. Efficiency of a Carnot engine
The Carnot engine is implemented by means of aal &lagle effect reciprocating piston-cylinder dpgsd to transfer a load of a given

weight. The p-V, and T-s diagrams depicted in Egketches the operation of a Carnot engine, wiheréworking fluid" that expands
and contracts within the cylinder is an ideal gas.

D
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Fig. 1. The structure of a Carnot engine workinthwin ideal gas and the p-V, and T-s diagrams.

Here the high temperature TH and the low tempegallirare temperatures as measured on an ideahgandmeter, that is
_ v

RT
One cycle of the Carnot engine acts as follows:

- Leg (a-b): Isothermal expansion at high temperature fronegiatnt (a) to state point (b). As the gas expaitdifts a big pile of sand
that is, it does work W1. We've seen that expansamally sends the temperature down. To keepahedemperature, the gas must
absorb heat Q1 from its surroundings.

- Leg (b-c): Adiabatic expansion from state point (b) to sfaimt (c). As the gas expands, it lifts a big mifesand | that is, it does work
W?2. The expansion sends the temperature down. Bedtsi adiabatic, no heat is absorbed or ejected.

- Leg (c-d): Isothermal compression at low temperature fronegiaint © to state point (d). As the gas contratists down a small
pile of sand | that is, work W3 is done on the §ée've seen that compression normally sends theetature up. To keep the same
temperature, the gas must eject heat Q2 into itswadings.

- Leg (d-a): Adiabatic compression from state point (d) toestadint (a). As the gas contracts, it lets dowmalbkpile of sand | that is,
work W4 is done on the gas. The compression sémdetperature up. Because it's adiabatic, noi©ehtsorbed or ejected.

Overall, the gas absorbs some heat and ejectstseameThe gas does some work and some work isa@woiteThe “net work done by
the gas" is the work done by the gas minus the worle on the gas.
We're interested in getting as large a net wonaassible for a given amount of heat absorbed. iBhate're interested in getting a largg

D
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Wh _ W, + W —W, —We
= = (1)
Qu Qap
In order to evaluate the efficiency of the Carnytle let's consider the work performed in every téghe cycle
Qu . Isothermic expansion: — W,
- --pjat temperatura I .

4
Adiabatic expansion} Woc
temperature falls

Wy, [Adiabatic compression
—>|temperature rises

A

----|lsothermic compression: !
at temperatura, T < Weg

Qud —

Fig. 2. Energy flow diagram
Leg (a-b): On this isothermal expansion leg, the temperatuiéd so
RT
p(V) =—-" @)

\%
The work done by the ideal gas is then

b b b
W, = pv)av =[ 0 dv =R, I(i/_v =RT, [Inv)] = RT, In\\;_b ®)

V a

With V,, > V,, so that (3) is positive. Along the leg (a-b) das does mechanical work by lifting some weightiigtance. Since the
internal energy is constant, the heat absorbedlynesenteracts the effect of the work done. Thafdy, =W,, .

This obeys to the fact that the energy of a givengde of an ideal gas is a function of temperasloee.

Leg (b-c): On this adiabatic expansion leg, the pressurevahdne are related through

pV” = constant =p,V,” = p.V.” 4
The following relations are useful to calculate @ik done

PV = PV

prbey_l = pcvcvcy_l
RT,V, " = RTV,™ ®)

LA
TL Vb

With this piece of bookkeeping out of the way, veeadpead and find the work done by the gas:

¢ ¢ 1 I 1 C C
W, = [ pV)av =C —dV:C{—V } - { - }
't[ .!:Vy —r+l S A chl bel

Created by: EA

Checked by: ME

Approved by: CEO Version: 1.5%4ugust, 2012)




Q)
SCIENCEDOMAIN international P, 7

www. sciencedomain.org

SDI FINAL EVALUATION FORM 1.1

1 pcvcy _ pbvby — 1 - - 1 -
_y+1{ ch—l be—l - _y+1[pcvc pbvb]_ _y+1R[TL TH]
:]féiRh; -7,] (6)

This quantity is also positive.

Leg (c-d): In this isothermal expansion leg, the calculatibwork done by the gas is performed exactly ag# in the leg (a-b), but
obviously with different variables inserted. Witsspect to equation (3) follows that

V
W, =RT, Inv—‘: (7)
Since 4 < V., the quantity (7) is negative
V V
W, F-RT, In—4 =RT, In—=< 8
[Weq | Ny, v (8)

Since the internal energy is constant, the heattefl equals the work done. That@,, =W, .

Leg (d-a): In this adiabatic compression leg, the calculatiare performed exactly as it was they were ir(lbeg), but obviously with
different variables inserted. Referring to equati@®) and (6) follows that

y-1
T_Lz(v_aj ©

Ty Va
Consequently
W = i_ R[TL —Ty ]
y-1
And
[Wea [F W, = i_ R[TH _TL] (10)
y-1

2.1. Carnot Efficiency /7.

— Wh :Wab +Wbc _ch _Wda — |Wab |+|Wbc |_|ch |_|Wda |

7
¢ Qab Qab |Qab |
W |-IW, |-|W W
,7C=V\/n:1+| bcl | cdl | da|= _| cdl (11)
Qs | Qu | | Qu |
SinCBleC |:|Wda |
Using the calculated values for\and Q,, follows that
V V
Wh W RT, Inv—C T, InV—C T
Ne = L Vd =1- Vd :1—T—L (12)
Qab |Qab | RTH In—& TH In =2 H
\Y/
Since

T, (VY7 (v,Y" (v (v V) (V,
_H = _c = _d and _c = _d or _c = _b
TL Vb Va Vb Va Vd Va

From (12) follows that the efficiency of a Carnaisled engine can be expressed only as functioreahtio of temperatures. The bigge
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the temperature ranges the bigger efficiency. Hawvewote that as,Ttends to zero the thermal efficiency tends to therl00%
independently of the value of,;® 0.

This means that the thermal efficiency of a Caer@ine operating near the absolute zero, for iostéman artificial space platform
operating in the deep space where the temperatusétiie heat sink is 1 (K) and the temperatusefithe heat source is 500 (K), yield
a maximum thermal efficiency that approaches

(1-Tu/Ty) = (1-1/500)= 99.8%

This means that as lower the heat sink the hidteelinit of the Carnot efficiency

3. A Non Carnot cycle model

Considering the possibility of the existence ofesaV different Non Carnot (NC) cycle types, letssame a NC cycle in which, as in th
analysed Carnot cycle, the working fluid cycleotigh four closed transformation based reversitdegsses according to the engine
structure shown in Fig. 3:
-Leg (1-2),Adiabatic compression. The system is fully insulated, and the weight pogsses the fluid. The energy of the fluid
increases so that the temperature of the fluiccases.
-Leg (2-3),Isobaric expansion. The base of the cylinder is in thermal contat¢hwai reservoir of temperature and the fluid expang
-Leg (3-4),Adiabatic expansion. The system is fully insulated, and fluid expands. €hergy of the fluid decreases, and the
temperature of the fluid decreases.
-Leg (4-1),l sobaric compression. The base of the cylinder is in thermal contachwitreservoir of temperatukd , and the fluid is
compressed.

The structure of a NC cycle to be analysed is msreed on the'(p, V)1 diagram, and on the(T, ST1)diagram depicted in Fig. 3.
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Fig. 3. The structure of a NC engine working withideal gas and the p-V, and T-s diagrams.

G2 »Isobaric expansion: — W,
until temperature
| |
W : v
4 [ndiabatic compression| [Adiabatic expansion: | W23
> temperature rises temperature falls >
A i
| |
'----[Isobaric compression: -
until temperature T <
O3y —— P e < W3,

Fig. 4. Energy flow diagram of a NC engine type
3.1. The efficiency of a NC cycle implemented by raas of a reciprocating engine

Consider a cylinder filled with gas at a pressureat to the atmospheric pressuge\With reference to the Fig. 3 follows that if a
determined weight is placed on the piston, theesgsthanged from state (1) to state (2). Furtherpibieobserved that the cylinder
volume is compressed causing the pressure to sefeam p to @, while the volume decreases and the temperatareases till 3.
The first principle for closed transformations wiéreversibilities, potential and kinetic energe aeglected yields

> g+>W-Au=0 (13)

Leg (1-2), Adiabatic compression:
Assuming that the process (1)-(2) is a closed toamtion follows that since there is not exchanfjmatter, the energy balance
according to the first principle states that theoant of specific energy added from an external beatce is defined as

O, W, —Au;, =0 (14)
In this transformation there is not heat transfetist g, is zero yielding

W, —Au,, =0 (15)
The work is then

W, =Au,, =(u, —u,) (16)

Equation (15) means that the work transferred écstrstem is entirely converted to internal eneimpreasing the temperature and
pressure at constant entropy.

If in the state conditions (2) an amount of headrgw is supplied to the balloon the temperatureciases from Jto T, its volume
increases at constant pressurérgm V, to Vs, and the internal energy increases fronous.

Leg (2-3), Isobaric expansion:

Thus, assuming that the process (2)-(3) is a closedformation, since there is not exchange ofenahe amount of specific energy
added from an external heat source is defined as

O = 0p3 = Wy, + AUy, = p, [V, -V,) +U; —u, =Cp(T, - T,) (17)

Thus, the mechanical work performed along the foansation (2) (3) is
V3

W, = I pdV = p,(V; =V,) = p3(V; =V,) (18)
V2

SincedW =F [dx=mlgldx = p[Aldx= pldV

andW:iF Edjx:J%mEgmx:ipDAij:ipmv =p, vV, -V,)
2 2 2 2
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Leg (3-4), Adiabatic expansion:
In the state (3) if the load (weight) is removeanirthe balloon, it causes the balloon to expanceaging its volume from o V, and
the pressure to decrease frogep; to p, = p; SO that this transformation yields.

Osq tWy, —Auy, =0 (19)
In this transformation there is not heat transfett&t g, is zero yielding

W,, —Au,, =0 (20)
The work is then

W;, =Aug, = (u; —u,) (21)

Leg (4-1), Isobaric compression:

Finally if some heat from the balloon is extracksdcooling the working fluid contained into the loain, till reaching the original
temperature 7, at constant pressure fhe volume returns to its original volume. For giecess (4)-(1) the amount of heat rejected to
low temperature heat sink assumed also as a clemesformation yields

0o = 04y =W, +Au,, =0+Au,, =u, —y, (22)
The mechanical work is zero along the transfornmafé)-(1) because the load associated to thisfvamation is zero.
The net workAh performed by the cycle is the differengegg

Wn =q; -q, = -Wy, + Au,; —Auy, (23)
3.2. The thermal efficiency of a NC cycle typé]

The thermal efficiency of a NC cycle type is then
_qo _ 1 Au,, _ Au,,

. : : - =1-
ql ql ql |W23 | +AU23 Cp(Ts _Tz)

(24)

Considering the high and low temperatures of thet beurce and the heat sink, follows that

_ Cv, (T, -T) —1- Cvy(T, -T,)

M =1 (25)
Cpy(T; = T,) Cpx(Ty —T,)

Taking into account that the fraction

(T4 -1 )

(TH -T, )

approaches the unity, follows that the expressi®) ¢an be expressed as
Cvyy 1 (26)

My =1- =1-—
Cpa, 14

Many others NC cycles are possible, so that (26pisa general expression of the ideal thermatiefficy, but a particular solution for
the NC cycle type described in the present dematistr, which is based on closed transformationsvéier, open transformations
based cycles than doesn’t obey the Carnot factoats®d be implemented.

As can be observed, the maximum theoretical theeffigiency is not dependent on any cycle tempeeatout on the adiabatic
expansion coefficient, so that this efficiency oainpe related although compared with the Carndbfa€&urthermore, as shown bellow
there is a range and ratio of operating temperatiarewhich a flagrant violation of Carnot statermnesthout violating the Clausius or
Kelvin-Plank statements (second law) exist.
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4. Thermal cycle’s analysis by considering the 2drimciple (Kelvin-Plank).

On losing energ®y , the high-temperature reservoir changes entropy by

As, = -2 27)
TH

On gaining energ®,, the low-temperature reservoir changes entropy by

AS = +& (28)
T

L
The composite of the fluid, the weight, and the teservoirs is an isolated system where the entobfiye composite is the sum of the
entropies of all the involved parts.
After the fluid completes the cycle, then the epyrof the fluid returns to its initial value. Comgeently, after a cycle, the entropy of th
system changes by

AS,, =AS_+AS, (29)

Inserting the above expressions, we obtain that

Asws = & - Q_H (30)
T Ty

According to the second principle or fundamentatplate, upon removing constraints internal toiséated system, the entropy of the
isolated system increases, so that

ASWS >0, (31)

which implies that

AS, = AS, or Q” (32)
TL H

which means that

& > L (33)

Q, Ty

The condition of equality holds when all the preessare reversible. For example, when the fluidaarebservoir is in thermal contact,
the transfer of energy approaches reversibilitymiie temperature of the fluid equals that of #servoir.

4.1. Analysis of the efficiency of a thermal enginen the basis of the second principle

The thermal efficiency of an engine is definedtesratio of the net work to the absorbed heat gnasg
W

- (34)

Qx

According to the principle of the conservation néegy, W= Qy - Q,, so that the efficiency of any thermal engine igten as
W

W _,.Q (35)

Qx Qx

This is absolutely true for every possible therarajine according to the first principle.

However, for the special case of a Carnot cycle @diabatic legs and two isothermal legs) wheréhallprocesses are reversible follo
that

)

W T
_:1—& =1-—L (36)
QH QH TH
Consequently, using the thermodynamic inequalityvad from the Kelvin-Plank (second principle) whistates that
T
Qs — (37)
Qy Ty
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the efficiency of a Carnot cycle must satisfy thequality

W T
—s{l——L] @)
Qu Ty

which suggests us that the maximum obtainable thleefficiency of a Carnot cycle is

ﬂ = ]_—T_L . (39)

Qx Ty

Consequently, the expression of the thermal efiimyeobtained in (39) can only be applied on Caaystes since for other different
thermal cycles the thermal efficiency cannot beresged as

T
1-—L (40)
TH
but
1-Q (41)
Qu
Summarising, for every thermal cycle the maximuerthal efficiency is achieved as
w_,_Q “2)
Me =5 =175
Qu Qu
However for a Carnot cycle is
w T, (43)
Ne =—= 1-—
Qu Ty

According to the analysis carried out so far, theneo evidence that this cycle is the most effitigf all cycles that convert heat to work
by using two reservoirs of different temperatures.

5. The comparison of Carnot cycle and closed procass based NC cycle.

This section compares the results of expressionf@tZarnot cycle with that of expression (26) £oNC cycle in order to highlight
some differences between the Carnot cycle and M{&cy

Table 1. The results achieved wit the data showrainle 2 with T = 295, p=ps= 400 bar, =p,;= 395 bar.

Tu=T3(K) 305 310 315 320
Nc(%) = Carnot (%) 3.28 4.84 6.35 7.81
Nnc (%) He 28.88 32.79 36.7 36.63
Nnc (%) Ar 29.11 30.52 31.28 31.79
Nae (%) H, 20.35 23.25 24.61 25.39
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Fig. 5. The results also shown in Table 1 with=T295, p=ps= 400 bar, R=p,;= 395 bar

Table 2. Data applied on the case study for Hearr H as working fluids.

Point T3(K) h(kJ/kg) u(kJ/kg) s(kJ/kg.K)  p(bar) v(m ¥kg)
He
1=T, 295 1663 936.72 15.561 395 0.018387
2=Ty 296.4 1673.71 941.39 15.561 400 0.018267
3=Ty 320 1794.2 1015.3 15.957 400 0.019471
3=Ty 315 1768.3 999.66 15.876 400 0.019296
3=Ty 310 1742.4 983.96 15.793 400 0.018960
3=Ty 305 1716.4 968.27 15.709 400 0.018704
Ar
1=T, 295 104.13 39.074 2.4809 395 0.001647
2 296.2 105.11 39.324 2.4809 400 0.001641
3=Ty 320 124.25 52.228 2.5436 400 0.001801
3v 315 120.28 49.601 2.5311 400 0.001767
3=Ty 310 116.27 46.931 2.5182 400 0.001734
3=Ty 305 112.21 44,215 2.5050 400 0.001700
Ho
1=T, 295 4112.8 2588.6 28.380 395 0.038587
2 296.1 4135.51 2599.4 28.380 400 0.038319
3=Ty 320 4488.8 2854.7 29.538 400 0.040853
3=Ty 315 4414.3 2801.3 29.304 400 0.040325
3=Ty 310 4339.8 2748.0 29.065 400 0.039796
3=Ty 305 4265.3 2694.6 28.823 400 0.039266

Thank you for your effort and interest in the diseed topic.
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