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FALSIFICATIONS OF THE ENERGY BALANCE EQUATION,
PUASSON ADIABATS AND LAPLACE SOUND SPEED

Abstract. The falsity of the energy balance equation with a specific heat capacity coefficient at
constant pressure, the fake Poisson adiabat, and the fake Laplace formula of adiabatic sound velocity are
established. Universal formulas of adiabatic ideal gas and sound velocity are proposed and substantiated.
Bibl.10.
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1. Falsifications of the heat equation with specific coefficient of heat capacity at constant pressure

Scalar product of the equation of dynamics

0 0 0
pd—v=pF+ p. By P ¢
dt ox oy Oz
on speed gives kinetic energy equation
0
pﬂ-v:pF-v+ap"-v+ py-v+apz-v+f-v, (1.1)

dt ox oy 0z

which is part of the energy balance equation

d 2 0 0 0
—(E+HV /2)=pF-v+f-v+ v+ v+ -v=V-q+ 00,
p EAM 1 D=fF 2P VI VAR, VY20

¥

as can be seen from the following:

dE  dv op v op, ov
p—+p—-v=pF-v+f-v+—=-v+p -—+—=-v+p -—+
da " at ox o ox Y oy
op ov
+—=-v+p, - —=-V-q+
2 P. q+pQ0
The abbreviation for (1.1) leads to the equation
pd_E—p @4_1) @4_1) @_Vq_FpQ
d o Yoy ooz

from which for the internal energy df = cvdT and according to the Fourier law q=-AVT We obtain

various representations of the heat equation, respectively, to the stress tensors.
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With asymmetric stress tensor for Newton's law of friction:

oc, %_v (AVT)-pV- V+ﬂZZ(—) + pO

i=l j=1 j

with an asymmetric tensor of the Jakupov [9-10] friction law:

dT_ o oV’
o V-(AVT)-pV- v+;; "“ax ax

and the heat equation with the symmetric Stokes stress tensor [1-8]:

dr 33, 0w, Ov,, 2
c, —=V-(AVT)-pV- v+ § D (=L =S u(V-v), (1.2)
pe (AVT)—-p 2 jl(ax. 8xl.) 3ﬂ( )

which is false due to the falseness of the Stokes stress tensor [9-10].
Let us pay attention to the fact that these equations include the coefficient Cv of the specific heat

)

capacity of a gas with a constant volume, according to the 1st law of thermodynamics.
In addition to the fact that the heat conduction equation is fake according to the Stokes friction law,

the tendency to transform into an equation with the specific heat coefficient of gas Cy at constant pressure
[1-9] is well known.
Specifically, Lykov (see [3] p. 32) gives the following equation:

dar _dp M ov, Ov, 2 5
=AVT —’ ——u(V-v
P ar at Z‘JZ‘( ; 3ﬂ( ) (1.3)

For the derivation, the universal gas constant and the Clapeyron-Mendeleev state equation are used
c,—¢, =R, p=pRT (1.4)
Using (1.4) in the error equation (1.2), substitutions are made

¢T=(c,~RT=c¢,T-RT=¢,T-£,

yo,
dT dT d p dT 1 dp

C —= C ————) = cC ——— _— _ =
pe p(,,dt i p p[pdt 7P~ p )]

_pe 4T _dp Bd_/)

Pdt dt p dt

where by the continuity equation ld_p = _V .v - Therefore

p dt
T T T

e, ar _ . 4T _dp pdp_ 4T _dp o

dr Pt dt pdt Podr dt

Substitution in the equation (1.2) gives

Xra i ,max. & 5

After contractions and rearrangements, the equation is obtained

— 50 ——
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dT 7 ov. v, , 2 2 (1.5)
—=V-(AVT +—+ +—LY - Zu(V-v :
pe,—-=V-(AVT) 2121;%% ) =SV V)

For constant thermal conductivity coefficient A = const equation (1.5) goes over to the Lykov
equation (1.3).

Theorem. The equation of heat conduction with the coefficient of specific heat capacity of gas at
constant pressure

pe, g_v (WT)+dp H ZZ( ,u(V vy’

11/1

is fake in flows with variable pressure, as formula C, - Cv = is valid only for constant pressure p = const.
Evidence. The 1st law of thermodynamics is attracted [7]:

d'Q=dE+ pdV (1.6)

In an ideal gas dE =c,dT ,c, is the coefficient of specific heat of gas at a constant volume. Between

1
the specific volume ¥ and the density of the gas there is a connection V =—, dV =d(—).
P P

Therefore, the 1st law is used in the form [1]:
1 RT
d'Q=cdT + pd(—), d'Q=c,dT + pd(—) (1.7)
P p
Let the heat be supplied to the gas at a constant volume of V' = const. Since dV = 0 in this case it
follows from (1.6) 'O=dE = CvdT-

Let heat be supplied to gas d 'Q = deT with constant pressure p = const.

The 1st law of thermodynamics (1.7) is converted to the form

ppd(RT)—Rpo

2 b

RT
cpdT =c,dT + pd(7), (c,—c,)dT =

(cp—cv)deRdT—RTd?p, p=pRT

Dividing the last equality by d7 we obtain the following formula for a universal gas constant:

R=c, —c, +_d_p (1.8)
pdT’

At constant pressure p = const, dp = 0 from (1.8) we get the formula widely used in gas dynamics
[1-9]:

R=c,—c, (1.9)
By virtue of (1.8) in non-isobaric gas flows with variable pressure p # const, dp # (), there will

always be inequality R+, —c |
V4 v

This axiom is also evident from the 1st law of thermodynamics
d(RT)—RTd,
4 pPU )2 p.
p

d'Q:cvdT+pd(E), d'Q=
P
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d'chvdT+RdT—RT@, d'Q:cvdT+RdT—ldp
p P

For universal constant gas, dividing the last expression on the temperature differential, we get the
formula

d' 1 d
_49_ | lap (1.10)
dT p dT
It is obvious, by virtue of equality (1.10), that in non-isobaric flows of gas with variable pressure
p#const, dp#0, inequality
R#c,—c,!
Consequently, the heat conduction equation with a coefficient C,, of the specific heat of a gas at
constant pressure is false, since it is obtained for connection Cp - Cv = R, which does not hold for

variable pressure p # const.
What was required to prove.

2. Falsifications of Poisson adiabat

In the dynamics of an ideal gas, a false heat equation (1.5) for enthalpy h=c,T, 1=0, =0 takes

the form (see [1] p. 115):

dr _dp  dh_dp o
ppdt dt’ pdt dt’ '

therefore, it is also false.
Reducing the differential in time gives the connection

dp = pc,dT (2.2)
. dp o o
From the fake equation (2.2), converted to Form — = deT, again using R = c,—¢,, which is
Yo,
valid only for constant pressure, the Poisson adiabat is displayed (see Loitsyansky [1] p.115):
dp dp dp ya
P, ar="d(RD)=—"—al® 0Tk E (2, k=2
Cv 10 IO pO IOO Cv

Calculate the pressure differential using the Clapeyron-Mendeleev equation of state p = RpT :
dp = pRdT +TRd p

Similarly, assuming in this ratio R = c,—C,» just used to derive the Poisson adiabat, we get the true
value of the pressure differential
dp = p(c,—¢,)dT +TRd p,

whose transformed expression

dp dh 4T dp -
dp = pc,dT — pc,dT +TRd p, WD _ e L TRER (2.3)
Pl pe Pa P a P dt

does not coincide with the differential (2.2) and equation (2.1) !!!
The difference between (2.2) and (2.3) is not equal to zero:

—pc,dT +TRdp # 0

— 54 ——
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Consequently, the differential pressure dp = pc pd T (2.2), corresponding to a fake heat equation
with a heat capacity coefficient at constant pressure is also fake.
The falsity of equations (2.1) is proven again.

dh dp
p—#—!
Proved inequality dt dt

dh d
From fake equality p—= dp > the Poisson adiabat [1] is derived, consequently, the Poisson
t t

adiabat is also fake !!!

As is known, the Poisson adiabat is widely used in gas dynamics, for example, when calculating the
propagation velocity of small perturbations, i.e. speed of sound.

3. Falsification of the speed of sound of Laplace

On the basis of the equation of Clapeyron —Mendeleeva Newton derived the isothermal speed of

sound
Vo \ 8p p

Laplace proposed to use the Poisson adiabat p = p, (ﬁ)k :

£

0

—p=\/—( o)) = \/ , a=~kRT (3.1)
op p

Connection R=Cp —c, takes place only for constant pressure p = const, therefore, the Laplace

formula (3.1) is not only adiabatic, but also isobaric sound speed.

Consequently, due to the falsity of the Poisson adiabat, it is logical to consider the formula (3.1) to be
the adiabatic and isobaric Laplace sound velocity as fake.

Using a fake link poc,dT =dp and the equation of state Clapeyron-Mendeleev, we organize the
calculations:

@:cpd ”d(RT)_ Pd( ) d2 )__p _dep;fdp:d_p,
p p R p p
C C & C
) p——”~p@=dp, (—p—l)dp_—” p@’ (2 1)@:_17‘1_/”
R R p R R p R p R p

C C
P “dinp=-Ldinp, din =0,
R c, —
P
C
ln% = const, L _ (ﬁ)", y=—2=
pO 100 Cp - R
So, from the false connection pcC pdT =dp we get the adiabat
L Ly, y=—2_, 62
pO pO cp _R

which for R = — goes to the Poisson adiabat.
P v
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Calculate the speed of sound:

op 0 P Po 4
a=,|=—=|7—=p,(>)") Z\/—zp” =
\/8/9 \/ap " P P

So, for the speed of sound, the formula is obtained (also fake, as in Laplace)

c c
a=/—p£,a=/ P _RT,
c,-Rp c,—R

which for R=c, —c, goes to the Laplace formula (3.1).

4. Universal adiabatic sound speed

1
The 1st law of thermodynamics d'Q =dE + pd(—) in an adiabatic gas (heat is not removed and not
P

supplied d'Q=0):

0=dE+ pd(L), dE= c.dT @.1)
Yo

According to the equation of state of Clapeyron-Mendeleev we find:

2

0=cdl + pd(L), 0= cd(2)- pd—p
p Rp

Next are the necessary conversions:
oS . Pdp—pdp dp . _
R pZ pz’
0=S. (@ _dpy_dp ¢ dp_ <  ydp dp_ (R \ydp
P q

- 5 (_V+1)_a
R p p p R p R p P

C
;f-(pdp—pdp)—pdp,

From the last equality follows adiabata (Jakupov)*:

R
Lo Ly, ¢==+1
Lo ¢

pO v

which for R = ¢, —¢,, l.e. for constant pressure too goes to the Poisson adiabat.
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So, the logic for the speed of sound is the formula (Jakupov)*

a= /a_p: /(5+1)£, a= /(5+1)RT,
op c, P c,

which, for a constant pressure, when performing R=c » —C,, goes to the

Laplace formula (3.1).
M;
Note. The barometric formula [7] p= poexp(—R—‘(;Z) confirms the fact that even in a stationary

atmosphere V =0 pressure is a variable function.
* These adiabatic names and the universal formula for the speed of sound are necessary to emphasize
novelty and differences from the Poisson and Laplace formulas.

K. Bb. Kakbin-reri

KP BFM MatemaTika >koHe MaTeMaTHKAIBIK MOJAEIIey HHCTUTYTHL, AnmaTsl, Kasakcran
Anb-®apabu ateianarel Kasax ¥arTeik YHuBepeuteTi, Anmartsl, Kazakcran

ITYACCOHHbBIH ATUABATACBIHBIH, JIAIIJIACTBIH
JABIBBIC KbIJIJAMABIFBIHBIH )KOHE SHEPTUSAJIAP
BAJTIAHCBIHBIH TEHAEYIHIH KAJIFAH/JBIKTAPBI

AnHotanusi. KpICBIM TYPaKThUIBIKTBIFBI, JKbUTYCHIMBIM/IBUIBIK —€Celieyilli 0ap JHeprusuiap OallaHChIHBIH
JKAIIFAH/IBIFBI, COHbIMEH KaTap [lyacCOHHBIH aJinabaThICHIHBIH JKOHE JIaruiacThiH JBIOBIC JKbUIIAM/IBIFBIHBIH KeHiTe-
MEJIEpiHiH KaTeNiKTepi HAKTHl JoJeneninreH. Mmeanaslk razmapapH annabaTachlHBIH KEHINTeMeci OpHATBUIFaH,
oFaH OailTaHBICTHI IBIOBIC )KBUTAAM- IBIFBIHBIH KaHATaH YHUBEPCAIBIBIK TYPIATH Heri3nenren. bu6m.10.

Tyiiin ce3aep: TeHaey, KbUTYCBHIBIMABUIBIK, aanadaTa, n300apIIbIK.

VK 532.533
K.B. Ixakynos
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