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Authors’ response to final evaluator’s comments

The results obtained in this manuscript are contrary to the Carnot
theorem.

The paper includes many substantive errors and should not be
accepted for publication.
For example,

1. According to Fig.4 (c), the net work Wy =0 =0, #Was =W, ,and

Eq. (10) is erroneous, because the net work should be equal to the
area surrounded by all three curves in Fig.4 (c).

2. Eq. (7) is erroneous.

3. Please Eq. (8):
0 = ARy + Wy = (h; —hy) +Wo, = (hy —h,) + p,(V; —V,) =u; —u,

is erroneous.
4.Eq. (11) is also erroneous.

5.1In Fig. 4 (a), there are two T; points and two (3) points, which are
erroneous. ......

Thank you for your effort I trying to understand the contents of the paper and the associated suggestions.
However, some points with regard to your comments must be clarified.

a) Please note the objective of this research work is just to achieve results contrary to the Carnot statement
(which is not a theorem). For instance se the following recent paper which deals with the fact of surpassing
the Carnot Factor:

Xiaohui She, Yonggao Yin, Xiaosong Zhang, Thermodynamic analysis of a novel energy-efficient
refrigeration system subcooled by liquid desiccant dehumidification and evaporation, Energy
Conversion and Management 78 (2014)286-296.

Answer to comments 1, 2, 3, 4,

All mentioned equations are correct in the actual state without any change.

Perhaps if you understand the meaning of the Fig. 3 and equations 4-6 for open transformations
perhaps you should understand without difficulty such topic.

5. In order to understand this point, | suggest you should understand first what happens in the
transformations described in Fig. 3. Please note that in the transformation (2)-(3), which is an
isobaric expansion process at constant load, while heat is being absorbed as temperature
increases, mechanical work is being simultaneously developed, since the piston-cylinder is being
displaced along to its full stroke.

[ am conscious of the difficulties because this is not trivial, and violating Carnot Factor without
violation of the second law certainly is not a trivial case.

This figure depicts the test rig where experiments are being carried out with real gases and
irreversible closed processes to evaluate the real thermal efficiency of irreversible processes.
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Response to your doubts about the contrarieties @arnot efficiency.

From the first and second laws only is easily pdotreat the highest efficiency eferyheat engin@perating between two
thermal reservoirs lower that 100%Kelvin-Plank).
In what follows we tray to answer all reasonablahite about this topic:

The comparison of the Carnot cycle with a Non Carncycle

1. Introduction

Carnot proposed a specific cycle, known as the @aycle, consisting divo isothermal andtwo adiabatic processes in
which whenever the working fluid exchanges energh wither reservoir, the temperature of the wogKinid is kept the
same as that of the reservoir. Whenever the temyperaf working fluid differs from the temperatureisthe reservoirs, the
working fluid 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 afEy between two given reservoirs and is moreiefiithan a
reversible engine operating between the same tagrveirs.
2) All engines that operate on tlkarnot cyclebetween two given constant-temperature reserbaive the same
efficiency.
Please note that the two propositions of Carnotstitanention in any way that this cycle is the nefitient of all cycles
that convert heat to work by using two reservoirdiferent temperatures.

This cycle is relevant due to various reasons. Hewee most relevant concerns to the fact thatralieg to many authors
Carnot argued without any consistent demonstratianthis cycle is the most efficient of all thetrogcles that convert hea
to work by using two reservoirs of different temgteires Off course, the two propositions formulated by @amhoesn’t
mention such asseveration.

2. Efficiency of a Carnot engine
The Carnot engine is implemented by means of aal &legle effect reciprocating piston-cylinder dgsd to transfer a loag
of a given weight. The p-V, and T-s diagrams depidh Fig. 1sketches the operation of a Carnotrengihere the
“working fluid" that expands and contracts withiretcylinder is an ideal gas.

[

Created by: EA

Checked by: ME

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



SCIENCEDOMAIN international E?ﬁ".g 4

SDI FINAL EVALUATION FORM 1.1

www. sciencedomain.org

cd

‘_
-..-:.._
s

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 tempegatlrare temperatures as measured on an ideahgasdmeter, that is

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 sd&i expansion normally sends the temperature ddwhkeep the same
temperature, the gas must absorb heat Q1 fromritsundings.
- Leg (b-c): Adiabatic expansion from state point (b) to sfaamt (c). As the gas expands, it lifts a big mifesand | that is, it
does work W2. The expansion sends the temperatwva.dBecause it's adiabatic, no heat is absorbegeoted.
- Leg (c-d): Isothermal compression at low temperature frortegiaint © to state point (d). As the gas contratiets down
a small pile of sand | that is, work W3 is dondlmngas. We've seen that compression normally skedemperature up. T
keep the same temperature, the gas must ejecReato its surroundings.
- Leg (d-a): Adiabatic compression from state point (d) toestadint (a). As the gas contracts, it lets dowmalkpile of
sand | that is, work W4 is done on the gas. Thepcession sends the temperature up. Because ilsaiti, no heat is
absorbed or ejected.
Overall, the gas absorbs some heat and ejectslseaneThe gas does some work and some work isa@oiteThe “net
work done by the gas" is the work done by the gesisthe work done on the gas.
We're interested in getting as large a net wornassible for a given amount of heat absorbed. iBhate're interested in
getting a large efficiency defined as

— Wn — Wab +Wbc _ch _Wda
Qab Qab

In order to evaluate the efficiency of the Carnytle let's consider the work performed in every téghe cycle

1)
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Fig. 2. Energy flow diagram
Leg (a-b): On this isothermal expansion leg, the temperdtiféd so

RT
p(V) =" (2)
The work done by the ideal gas is then
b b b
_ ¢ RT, _ av _ _ V,
W, _i p(V)dV _£ -4V =RT, IV = RT,[In(v)] = RT, |nV—a 3)

With Vy, >V, so that (3) is positive. Along the leg (a-b) tas does mechanical work by lifting some weightifistance.
Since the internal energy is constant, the heatrabs merely counteracts the effect of the workeddinat is,Q,, =W, .

This obeys to the fact that the energy of a givange of an ideal gas is a function of temperaslwaee.
Leg (b-c): On this adiabatic expansion leg, the pressurevahdne are related through

pV” = constant =p,V,” = pV.” 4)
The following relations are useful to calculate ek done
prbV = pcvcy
prbeV‘l = pchch_l
-1 _ -1
RTHbe = RTLVCV
y-1
T o[V
TL Vb
With this piece of bookkeeping out of the way, veeadpead and find the work done by the gas:

¢ 1 1 .l _ 1] C ¢C
W, = | p(V)dv =C —dV:C[ \Y; Vﬂ} = { — - }
== v BAL N A AR A

®)

1 | pV. pV,, 1 1
= cc _ = V.-pV,]=——R[T, -T

-1
y-1

This quantity is also positive.
Leg (c-d): In this isothermal expansion leg, the calculatbbmork done by the gas is performed exactly agi in the leg

(a-b), but obviously with different variables intwat. With respect to equation (3) follows that

RT, -T,] (6)

W,

C

V
4 =RT InV—d ©)

C

Since \ < V., the quantity (7) is negative
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|W,, |- —-RT, In\\;— =RT, In://—c (8)

c d
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(lheg), but
obviously with different variables inserted. Refiegrto equations (5) and (6) follows that

y-1
T_L = (V_aJ (9)
Ty \
Consequently
Wia = ﬁ_ R[TL -Ty ]
And
| Wy [F W, = L R[TH _TL] (10)
y-1
2.1. Carnot Efficiency /7.
- Wn - Wab +Wbc _ch _Wda - |Wab |+ |Wbc |_ |ch |_ |Wda |

I7C Qab Qab |Qab |
Ne zwn:1+|Wbc|_|ch |_|Wda|:1_|ch | (11)
Qab | Qab | |Qab |
Sincelwbc |=|Wda |
Using the calculated values for\and Q, follows that
RT, Inﬁ T, Inﬁ
ne = _g Wl \\//d =1-—¢ -1- (12)
Qab |Qab | RTH In & TH In 22 TH
Va Va
Since

TH Vc & Vd "~ Vc — Vd Vc — Vb
— = — = — and| — |=|—|or|— |=|—
TL Vb Va Vb Va Vd Va

From (12) follows that the efficiency of a Carnaisked engine can be expressed only as functioreahtto of temperatures
The bigger the temperature ranges the bigger effagi. However note that ag #ends to zero the thermal efficiency tends
1 or the 100% independently of the value g&T0.

This means that the thermal efficiency of a Caamgine operating near the absolute zero, for instaman artificial space
platform operating in the deep space where the ¢éemipre T of the heat sink is 1 (K) and the temperatuseofithe heat
source is 500 (K), yields a maximum thermal efficig that approaches

(2-T./Ty) = (1-1/500) = 99.8 %

This means that as lower the heat sink the hidteliit of the Carnot efficiency
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3. A Non Carnot cycle model
Considering the possibility of the existence ofesaVdifferentNon Carnot (NC) cycle types, let's assume a NC cycle in
which, as in the analysed Carnot cycle, the workimg cycles through four closed transformatiorsd reversible
processes according to the engine structure showigi 3:
-Leg (1-2) Adiabatic compressiorThe system is fully insulated, and the weight poesses the fluid. The energy of the
fluid increases so that the temperature of thel flocreases.
-Leg (2-3),Isobaric expansionThe base of the cylinder is in thermal conta¢hwaireservoir of temperature and the
fluid expands.
-Leg (3-4),Adiabatic expansiariThe system is fully insulated, and fluid expandse energy of the fluid decreases, and
the temperature of the fluid decreases.
-Leg (4-1),Isobaric compressianThe base of the cylinder is in thermal conta¢hwi reservoir of temperatutd , and
the fluid is compressed.

The structure of a NC cycle to be analysed is mepred on the (p, V) diagram, and on the(T, S.)diagram depicted in
Fig. 3.

@) Wa ' |

O3

2 l 3

»O
g\} 4\3

l Qa1

Fig. 3. The structure of a NC engine working withideal gas and the p-V, and T-s diagrams.
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Isobaric expansion: — W,
until temperature

Oi2 =—p

v
War [Adiabatic compression| [Adiabatic expansion: | Was
> temperature rises temperature falls >
A |
. |
'----|lsobaric compression: .
until temperature T
O30 €— P . — Was

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

Consider a cylinder filled with gas at a pressureat to the atmospheric pressuge\With reference to the Fig. 3 follows thi
if a determined weight is placed on the piston,sygem changed from state (1) to state (2). Furtbee, it is observed that
the cylinder volume is compressed causing the preds increase fromyfio ,, while the volume decreases and the
temperature increases tilp.T

The first principle for closed transformations wiéreversibilities, potential and kinetic energe aeglected yields

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

Leg (1-2),Adiabatic compression:

Assuming that the process (1)-(2) is a closed foanmtion follows that since there is not exchanfmatter, the energy
balance according to the first principle states$ tha amount of specific energy added from an esfdneat source is define
as

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

W,, —Au,, =0 (15)
The work is then

Wi, =Auy, = (U, —uy) (16)

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

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

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 sagrdefined as

O =0y = W,; +Auy, = p, [V; -V,) +U; —u, =Cp(T, —T,) (7)

Thus, the mechanical work performed along the foansation (2) (3) is
W, = VflodV = P (Vs —Vo) = ps(V5 —Vs) (18)
Sinced\(/z\/ =F[dx=mlgldx= p[Aldx= pldV
andW :TF szmeg ij:j: pCALdx = i pldV = p, [V, -V,)
2 2 2 2

Leg (3-4),Adiabatic expansion:
In the state (3) if the load (weight) is removeanirthe balloon, it causes the balloon to expanceasing its volume from ¥/
to V, and the pressure to decrease frgm p, to p = p; S0 that this transformation yields.

—

Al

)

Os4 +W34 - Au34 =0 (19)

Created by: EA

Checked by: ME

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



SCIENCEDOMAIN international

SDI FINAL EVALUATION FORM 1.1

www. sciencedomain.org

Q
G, ¢

)
T

SEDORAR

In this transformation there is not heat transfetist g, is zero yielding

W,, - Au,, =0 (20)
The work is then
W, = Aug, = (u; —uy) (21)

Leg (4-1),Isobaric compression:

Finally if some heat from the balloon is extrachsdcooling the working fluid contained into the loain, till reaching the
original temperature {J at constant pressure e volume returns to its original volume. For fltecess (4)-(1) the amount
of heat rejected to the low temperature heat siskimed also as a closed transformation yields

0o = 0y = ~W,, +Au,, =0+Au,, =u, -y, (22)
The mechanical work is zero along the transfornmadi)-(1) because the load associated to thisftvemation is zero.
The net workWn performed by the cycle is the differengegg
Wn =q; —q, = Wy + Au,; —Auy, (23)
3.2. The thermal efficiency of a NC cycle typd] .
The thermal efficiency of a NC cycle type is then
i—qo_Wn o] Au Au
”chq -q :—_Zl—q—_zl— M —1- el
ql ql ql |W,s | +AU,, Cp(T, —T,)

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

(24)

_ Cv, (T, -T) —1- Cvy (T, -T,)

e =1 Cpy,(T; = T,) Cpys(Ty - T,) =
Taking into account that the fraction
(T, -T,)
(T, - T,)
approaches the unity, follows that the express¥) ¢an be expressed as
Mye SR .
Cps, 4

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 thespré demonstration, which is based on closed wemsftions. However,
open transformations based cycles than doesn’t tilee¢arnot factor can also 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 éfficy cannot be related although compared witlfCiéuenot factor.
Furthermore, as shown bellow, there is a rangeratiml of operating temperatures for which a flagrdalation of Carnot
statement without violating the Clausius or Kel#lank statements (second law) exist.

4. Thermal cycle’s analysis by considering the 2drimciple (Kelvin-Plank).
On losing energ®y , the high-temperature reservoir changes entropy by

As, = -2 7)
TH

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

AS = +% (28)

L
The composite of the fluid, the weight, and the teservoirs is an isolated system where the entoffiye composite is the
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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 the system changes by

ASSyS =AS +AS, (29)
Inserting the above expressions, we obtain that
Q _Q
AS,, =—=--=% (30)
T T4

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

AS,, 20, (31)
which implies that
Q. . Qu

AS =AS, or—2=>—" 32

S 2AS, T 2T, (32)
which means that
& > L (33)
QH TH

The condition of equality holds when all the presesesare reversible. For example, when the fluideareservoir is in
thermal contact, the transfer of energy approaoiesrsibility when the temperature of the fluid alguthat of the reservoir.

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

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

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

W — Qu —Q 1- Q
Qy Qy Qy

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

(34)

(39)

However, for the special case of a Carnot cycle @diabatic legs and two isothermal legs) wheréhallprocesses are
reversible follows that
W T,
_:1—& =1-—*L (36)
Qu Qu Ty

Consequently, using the thermodynamic inequalityvéd from the Kelvin-Plank (second principle) whistates that

T
Qs — (37)
Qv Ty
follows that the efficiency of a Carnot cycle maatisfy the inequality
W T,
—< {1—#} , (38)
Qy Ty
which suggests us that the maximum obtainable thleefficiency of aCarnot cycle (2 adiabatic and 2 isothermals) is
W T,
—=1--+ (39)
Qy Ty

Consequently, the expression of the thermal effimyeobtained in (39) can only be applied on Caayetes since for other
different thermal cycles the thermal efficiency nanbe expressed as
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T
1-—- (40)
Ty
but
1-Q (41)
Qu
Summarising, for every thermal cycle the maximuerthal efficiency is achieved as
w Q (42)
Me == =1-—+
Qu Qu
However for a Carnot cycle is
W T (43)
Ne =—= 1-—L
Qy Ty

According to the analysis carried out so fagre is no evidence that this cycle is the mostfiefent of all cycles that
convert heat to work by using two reservoirs of difierent temperatures

Thank you for your effort in trying to understand this thermodynamic concept.
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