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Abstract

There are presented the research results of gadrtaa the pipeline under pressure through a kinak in a thin wall
The analysis of equations of gas flow energy ingrezess of gas leak allows making under certasnraptions a formula fi
the mass flow of gas through a small hole in a.wall

However, the experience shows that the assumpgigniicantly distort the actual state of physical gges that ultimate
leads to uncertainty in the obtained results. s thgard, there are made a number of analyticdl experimental studies
assess the adequacy of theoretical statementsesittictions and the actual resultsesfoeriments. The result of the resear«
an adjustment for the theoretical dependence fonthass flow rate of gas, which flows through a shmalke from the tank. The
is also showed the dependence of the adjustmetiiegoressure and temperature of gas in the tank.

Keywords:adjustment for reality, equation of gas flow enegps leak, mass flow.

The gas leak from the tank, where it is undeof the process parameters on gas consumption twrns
redundant pressure, is extremely difficult, as st ito be more difficult compared to the theoretically
characterized by parameters, which ambiguousiyredicted influence. Therefore, the actual gasdgaks
determine the consumption of gas. The followingignificantly different from the estimated, distog the

parameters primarily include: projected estimates. Therefore, an important taskhie
absolute pressures in the tank and out of it amtactice of research of the leakage process is aongp
their correlation; the actual and projected results.
the gas temperature; As we know from [1], the equation of the gas flow
dimensions of the hole through which gas ignergy is the basis for the calculation of gas leadter
leaked,; pressure from the tank. In our case it can be the
gas properties. following:
The mode of leakage can be critical, or under o Wf—vvg
critical depending on the pressure ratio. It has a Il_lZ:T' (1)

significant effect on the cost of gas. L . .
The classical principles in research of gas leak Vherdyiz is an enthalpy of gas in the tank and in
under pressure are researched by I. A. CharnyiH&]. the flow through the hole with the diametet,
offered analytical framework of mathematicalrespectively;w;,w, are linear velocities of gas in the
modelling of the process that is based on the @uat 530k and the hole.
energy. The outstanding researches were also made b For calculation of a dependence relation of the gas
L.D.Landau [2], L.G. Loicianskyi [3], G.Yu.Ste |eak on the process parameters we make the foltpwin
panova [4], G. G. Chernyi [5], S. G. Shcherbako}, [6 assumptions:
E.l Yakovleva  [7], ~ G.N.Abramovi  [8], the process of gas leak is adiabatic, i.e. it acur
J. L. Campbell [9], R.Kantola [11], F. A.Lang [12 without heat exchange with the environment;
W. Zielke [13] Their studies show the results bé t the linear Ve|ocity of gas in a tank is neghg'hﬂe
researches in thermo gas dynamics of the leakaggmparison to the gas velocity, and it is neglected
process, provide the analysis of the factors taatlan the hole diameter in a thin wall is considered ¢o b
impact on the flow of the process, define the bauies sybstantially greater than the wall thickness, tthes
of critical and subcritical Ieakage, offer settlathe energy losses during the |eakage are neg'ected.
formula and methodologies. However, the real infeee gas is considered to be ideal, thus non-pressing
phenomenon is neglected.
As a result of simple mathematical transformations
* Corresponding author: [1] there is a dependence that links the mass flat
srgg@mail.ru parameters of the leakage. This dependence is-Saint
Venant's equation:
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k-1 D) Based on the conducted series of experiments,

™2 | 2k pa) k(P )k which differed by values of gas temperature in a
m=—-———Pofo (—) —(—) . (2) receiver, there were built dependency graphs of gas
4 k-1 Po Po temperature in a tank and the wall surface during

. . _ emptying the battery gas. The variation of tempeeat
Wherek is a rate of adiabatic processy, p, are in gas environment and changes in wall temperairge

the pressures inside and outside the tapk; is the shown in Fig. 2.
density of gas at certain conditions inside thétan

Apriori comparisons of actual values of gas leak 320
are calculated in [2], and they show that theiugalare « 3107
overestimated by up to 30% [8]. However, the ; 300 \\
scientific justification for the mentioned conclosiis 2 290 N
not provided. g 280
It should be shown that during the study of fluid E 270
leak from the tank through a hole in a thin wall have 260
taken for the theoretical basis the Bernoulli eiumt 250
which is the law of conservation of energy formula. 1 2 3 4 5 6 7 8 9 10 11 12
There is introduced the concept of expense rati an Time, s
compression ratio, which depend on the leak cooraiiti ~— Resistance Thermometer = Thermocouple
to adapt Fhe theor.etical dependence and practice. _ Figure 2 — The change of gas temperature
Obviously, in order to adapt the theoretical during the leak

relations and practical result in case of gas featk the
tank under pressure it is necessary to use certain Their analysis shows that despite the almost
coefficients derived from the studies. constant temperature of gas in the receiver thd wal
These studies will, firstly, assess the impacthef t temperature changes significantly even for a short
assumptions, mentioned above, on the value of t&sm emptying time. Therefore, the assumption of the
flow rate of gas. It is obvious that these studias only adiabatic nature of the process is not adequatiehvis
be based on comparison of theoretical and actsaltsee  obviously reflected in results of prediction.
For the experimental part of the study we have set To evaluate the following assumptions that the

up a stand, its scheme is shown in Fig. 1. velocity of gas in a container is approximately aoo
3 zero, there is made a mathematical model of thegs®
=||_|_|; of leaking.
== J | . The mathematical model is made for the linear
8 4 section of the pipeline length af =12m. The gas with
7 ﬂ/ a constant mass flow ah=50kg/s is extracted at the
beginning of this section. The aim of the resedscto
%EM: b U define the distribution of gas velocities in thegdine.
| [, The basis of the mathematical model makes the
——c equation of motion and continuity in the followifgrm
%, Ao
o0x 2d ' (3)
1 — manometeHO8EMO11IT 3051C with the range op_ - (pN)
of 25 Pa — 13.8 MPa, 2 — resistance thermometer,POL _E =c T
3 — automatic balancing bridges, 4 — compressor, . . o .
5 — scales thermometer, 6 — receiver, 7 — nozzle, where p(xt) is the pressure in the pipeling is the
8 — thermocouple density of gas;w is the linear velocity;d is the
Figure 1 — Experimental stand diameter of the pipeline;A is the coefficient of
hydraulic resistanceg is the speed of sound in gas.
The cylindrical container, placed in a water  |mplementation of this system of equations was

thermostat, was filled up with air by a compredsathe  carried out under the following initial and boungar
maximal pressure 1.0 MPa. The pressure in th&nditions

container was monitored and recorded using the o(x,0)= po.
manometerHOBEMO11IIIT 3051C with a range of

measurement of 25 Pa — 13.8 MPa. For measuring and ﬁ — 2 @)
recording the temperature of the gaseous mediune the ox =AY

is used aI'CII-1088 thermometer. For a gas leak in a x=0

container there are mounted removable nozzles with 6p2 -0

small holes of various shapes in a thin wall, treaaof x|

which is 0.2 crh The temperature of the wall at a x=L

distance of 12mm from the nozzle was measured and
written by the thermocouplEXA-2088.
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The system of equations (3) can be reduced by

differentiation in time to the equation of heat
conductivity relatively to mass velocity of gas
o(ow) __0%(ow) )
ot axz

The boundary value problem for this equation isy (X’t)zﬂill_(_l)n +(—1)”}Sin nnxe' 12
L

chosen for the following reasons: there is a baanc
during the initial time {=0) in the pipeline, therefore

L
2 . 7TNX
a, =— | #{x,0)sin—-.
. L{ﬂ Jsin="

Therefore the final solution is the following
°n%at
an=1
The mass velocity is the following

n

pv\,(x,O)= 0. From some point of timet®0) we
extract gas with a constant mass flom=idem on the

Mx,t)zm{(l_é}
F L
left side, resulting inpvv(O,t):? (where F is the 3 i ) (9)
sectional area of the pipeline) and the right efthe +32[ﬂ+(—1)”}sinﬂ(e 12
pipeline is isolated, s@w(L,t)=0. w3 n L

In order to solve the equation (5) we summarize

the boundary value problem to homogeneous. For thfis
reason we introduce a new functiaﬁ(x,t), built with O™

the required pV\,(x,t) by the ratio

onx,t) = g(xt)+ y+pix, (6)
where y, y; are the constant coeff|C|-ents that are 'Fo b&vhere 24 :/]_w is the linearization coefficient.
calculated. Functlon¢(x,t) must satisfy the equation 2d

5) with homogeneous boundary conditiog§0,t)=0 - . i . ”
©) g y ¢é0 ) pipeline as a linear function of coordinate andetima

and ¢(L,t)=0. expressed by the following dependence
Therefore the constant coefficients from (6) have AWM X
p?(x,t)=Ry - {x[l——j +

We find the distribution of pressure in the pipelin
the first equation of a system (4)

Pap X
- J-&dx: ZaJ-pV\(x t)dx,
R 0

In the final form the pressure distribution in the

the following values

) - m 2df 2L
1=—". n%et
f o _1)—1)\n _rnta
+£Zl+(n 1)( 1) 1_COS7TI’1X e U L (10)
y=- = n
FL
The initial condition c?
m, X *=
p(x0)=-Z1-5). . .
F L Therefore the linear velocity of gas based on the

Implementation of homogeneous boundary valugontinuity equation is
problem is performed by Fourier method. The vdeisb w( ) om
Xt)=—————= X%

are divided:
mf p(x,t)
¢(X't) = X(X)T(t)' rixt (11)
. . 00 . . n —_
The equation (5) can be written as xz 1-(-1) L1 |sin T
1T X _ —)2 ) n=1 n L
T X 0 L _ plxt)
Based on (7) we obtain two linear dlfferent|aIWhefep(X,t)— RT
equations v Based on the latter dependence we have built the
X +A°X =0, graph of the gas linear velocity change in the ivereat
dT 5 (8) different distances from the source of leakage.
?=/1 eedt. The analysis of results, shown in the graphs in

Figure 3, proves that gas linear velocity in thpefine
during the non-stationary process varies in lerayd
n = time in the range up to29m/s under the critical
'—_ conditions for gas leak through a hole with 50 mm i
So the general solution of the homogeneougiameter from a pipe with the diameter of 500 mfn. |
problem has the form i the critical velocity of gas is equal to the speédound
n“eet

Canx T3 in air ¢ =+ kRT, which is 355m/s at a temperature of
#n(xt)=a, smTe - 313K , the ratio of linear velocities of gas is morertha
8%. This means that neglect of the gas velocitthan
pipeline causes a certain error by calculating rtfass
flow rate of gas leak.

From the first equation of the system (8) we find

By integrating the constant we obtain
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Two of these assumptions, used for

theomputed the density of air at the beginning aredethd

dependence (2), can be confirmed or refuted only mf the certain period of time

experimental studies. Therefore there were condugte
series of experiments on the experimental

(Fig. 3).
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Figure 3 — The change of the linear velocity of gas
in the pipeline during the leak

During the air bleed from the tank through the

holes with the same cross-sectional area and €iffer
shape (circle, square, and cleft) there was recotde

stand

= P2

127 ZRT
There was calculated the mass flow of air leak at
the beginning ofm, and the end ofm.,; Of the time
period At based on (2). Since the time interva was
small, the change of the leak at this time couldlose
to linear. Therefore, the average air mass flowingur
the time intervalAt was calculated as an average

(13)

M =%(mt + Myspr ) (14)

The results, obtained in (14), were considered
theoretical and that was why they were comparet wit
those obtained in (12), which were considered &ictu
As a result we obtained the coefficient of leak

(15)

The graphics, built based on the research results,
are shown in Fig. 5.

process of pressure reduction in receiver in tim C,

(Fig. 4).
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Figure 4 — The pressure change in receiver
during the gas leak

There was chosen a random period of tifte at
the graph and there were recorded the pressurbe at
beginning of periodp, (t) and the end of itp,(t +At) .
The mass flow of gas during the (average) timeriate
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Figure 5 — The change of the coefficient of the lealge flow
depending on pressure and temperature

When analyzing the graphs shown in Fig. 5, we
can draw the following conclusions.

The assumptions, which are the basis of the
dependence of the mass flow during gas leak froen th
tank through a hole in a thin wall, have a siguwifit
influence on the results of the simulation processa
real mass flow differs significantly from the calated
one. If the absolute pressure changes in the receiv
from 1OMPa up to 054MPa (the end of the critical

At was calculated on the basis of the equation & stegytfiow zone), the flow coefficient varies fro776 to

for gas

AM \%
mo =t = (pr) - pile+ 0 -

whereV is the geometric volume capacitg is the

(12)

0709 at the temperature a288K in the receiver. The
rise of the gas temperature in the receiver resolts
significant deviation of actual flow from the thetcal
flow. So at the temperature @B3K and the pressure of

gas constant of airT is an absolute gas temperature LOMPa in the receiver the flow coefficient 19776,

which was considered constant, at the interyl;

when the temperature rises up 208K the coefficient

plD(t), pZD(t+At) are the pressures in the receiver at thdecreases to0756, when the temperature rises to

beginning and the end of the period of tide
o_P

z
where z is the coefficient of air compressibility.

For calculating the average theoretical mass of th

flow rate of air for a certain period of timat we
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313K the coefficient decreases t®738. The flow

coefficient is 0709 at the pressure 0054MPa and the

temperature of283K , when the temperature rises to
298K the coefficient decreases 1696, and when the

t%mperature rises t813K the coefficient decreases to
678.
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HocnigxeHHA BUTOKY rasy 3 Tpy6onposoay

BA. prdz*, A.B. I'pyos, HA. /lpine, P.b. Cmacrox

lsano-Ppanxiscokuti HAYiOHATLHUL MeXHIYHUL YHIGepcumem Hagmu i 2asy;
eyn. Kapnamcoxa, 15,m. Isano-@panxiecvk, 16019, Vrpaina

HaBeneHo pe3ysibraTi JOCIHIIKEHb MIPOLIECY BUTIKAHHS Ta3y 3 Ta30IPOBOJY ITiJl TUCKOM Yepe3 OTBIp y TOHKIH
CTiHII. AHali3 piBHSIHb €HEPrii Ta30BOT0 MOTOKY B IIPOLIECI BUTIKAHHS a3y Ja€ MOXIIMBICTh OJEPKATH 32 MEBHUX
NPUITYLIEHb (OPMYJTY sl MACOBOT BUTPATH Ta3y 4epe3 OTBIp y TOHKIiH CTiHL.

BomgHouac mocBiA CBiTYUTH, MO MPUAHATI MPUIMYIIEHHS CYTTEBO CIIOTBOPIOIOTH PealIbHy KapTUHY (Pi3UTHOTO
MPOIIECy, IO B KIHIIEBOMY paxyHKy IPHBOIUTH IO MOXHOKHA B OACPNKAHOMY pe3yNbTaTi. Y 3B’S3Ky 3 ITUM
MIPOBEJICHO HU3KY aHATITUIHHUX 1 €KCTIEPUMEHTATBHHUX JOCIIHKSHD 3 OI[IHKU aJIeKBATHOCTI TEOPETHYHUX TTOJIOKEHD
3 IPUUHATAMH OOMEXEHHSIMHU pealbHUM pe3yJIbTaToM, OJEpKaHHM uepe3 MpOoBeIeHI ekcrepuMeHTH. Hacmiakom
MPOBEICHUX JOCIIKEHb € TOIPaBKa, Ky 3alpPOIOHOBAHO BHECTH B TEOPETHYHY 3AJICKHICTh JJIs1 MACOBOT BUTPATH
rasy, 10 BHUTIKa€ dYepe3 Majwid OTBip 3 €MHOCTI. [loka3zaHO 3alleXKHICTh OAEpPKAHOI TONMPaBKH BiJl THCKY i
TEeMIIepaTypy ra3y B €eMHOCTI.

KirouoBi cnoBa: gumikaumsa 2azy, macoea eumpama, NONPAGKA HA peabHiCMb, PIBHAHHA eHepeil 2a308020
NOMOKY.
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