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Summary. Numerous reasons for the existence of hydrocarbon reserves, as well as the com-
plexity of the processes associated with their formation and extraction emphasize the need for
complex scientific approaches in the rational selection and metrological development of exploita-
tion. The most important direction in these studies is the research for the mass transfer of hydro-
carbons and the mechanisms of interfacial transition, taking into account changes in pressure and
temperature in the collector under the multiphase fluid filtration in a porous medium. In fundamen-
tal studies on physical and mathematical modeling in order to predict development it is important
to consider all the features of temperature anomalies during the movement of gas-liquid systems in
hydrocarbon fields with different thermobaric conditions. In this paper, the problem of determining
influential level of temperature anomalies on the distribution of thermodynamics fields during oil
exploitation in fractured collector is solved. The algorithm of numerical solution is offered and
numerous computer experiments have been conducted by means of software creation. The influ-
ence of the specific heat capacity of the liquid, the Joule-Thomson coefficient, wellbore volume
influence coefficient, absolute permeability, fluid viscosity and deformation properties of the col-

lector on exploitation process were assessed.
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1. Introduction

Experience in the oil fields development shows
that the complexity of the physical processes that
occur during the exploitation of the fields highlights
the need for a comprehensive scientific approach in
the creation of technological schemes.

These geological and geophysical methods are
more reliable and allow to obtain complete infor-
mation. In this case, it is possible to address issues
such as determining the operational characteristics
of the productive layer, the technical condition of
wells and control over the operation of pumping
equipment. The most important of these issues is the
determination of the exploitation characteristics of
the layer. The most important direction of these
studies is the study of the mechanisms of mass trans-
fer of hydrocarbons and the transition between pha-
ses, taking into account changes in pressure and
temperature during the filtration of fluid in the for-
mation. It is important to take into account the im-
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pact of pressure and temperature changes in the de-
velopment of hydrocarbon fields on the performance
of oil reservoir exploitation. In this case, thermody-
namics studies based on the measurement of pres-
sure, flow and temperature in the wellbore play a
key role in the complex of geophysical methods.

The study of heat transfer phenomena in the
movement of fluids in a porous medium, taking into
account the phase transitions and thermodynamics
effects, is not only a search for methods of interpre-
tation of thermometric data (especially in multiphase
flow conditions), but also a scientific and practical
interest in improving non-stationary heat and mass
theory.

Measurement of the small changes in fluid tem-
perature due to thermodynamic effects in the process
of field development with modern well thermome-
ters also allows to solve a number of diagnostic and
practical issues related to the well and reservoir sys-
tem. Numerous studies have been devoted to the de-
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termination of the temperature field in the formation,
taking into account the thermodynamics effects of
fluid filtration in porous media, and on this basis to
the assessment of the performance characteristics of
the layers (Yexkamok, 1965; Kapaumnuckuit, 1975;
Asmmraes et al., 1985; Abasov et al., 1993; Pamasa-
HOB, 2004; Pamazanos, [lapuun, 2006; Oununmnos,
AxwmeroBa, 2011; [Ixxanamnos u ap., 2018).

In this paper the influence of thermodynamic ef-
fects on the change of exploitation parameters of the
oil reservoir during the exploitation of the deformed
reservoir is examined with central well.

2. Statement of the Problem

Assume that a central well is exploited in a cir-
cular oil formation with a fractured collector during
development. The following physical assumptions
were made in the statement of the problem: The ini-
tial pressure and temperature before layer develop-
ment are py and Ty, respectively. Besides

— The well is entire on the degree and nature of
the opening and covers the full thickness of
the layer with a sufficiently large radius;

— Oil filtration is subject to Darsy’s law and is
non-isothermal;

— The pressure at the bed boundary is constant;

— The initial natural distribution of temperature
along the layer is stable;

— The temperature of the liquid and porous me-
dium is the same at any point in the layer;

— Heat transfer in the radial direction of the lay-
er is not taken into account in comparison
with convective heat transfer.

Under these conditions determination of the
pressure and temperature distribution functions in
the layer is described by the following system of
equations by corresponding initial and boundary
conditions:

at  ror\ u @ or
MprG L, ST <, t>0, )
p(r,0) =py, T ST =T 3)
@(r‘;—f) ey, = Q+ cg—’t’rzrc,t >0, (4)
(1, t) = po, t >0, (%)
T(r,0) =T, 1.<r<rmn, 6)
T(r,t) =Ty, 1.<r<m, (7

(Yexamok, 1965; Kapaunuckuii, 1975; Anumaes et
al., 1985).

Here B* = By + mpo — elastic capacity coef-
ficient, k — absolute permeability, u — dynamic vis-
cosity, 1. — radius of the well, 1, — radius of the
layer, t — time, r — radial coordinate, C,; — volume
heat capacity of the layer, Cs, — specific heat capac-
ity of rock, Cr — specific heat capacity of the liquid,
py — density, m — porosity, € — Joule-Tomson coef-
ficient, n — adiabatic coefficient, p, — layer pres-
sure, Ty — layer temperature, H — layer thickness,
Q — debit of the well, C — coefficient of impact of
wellbore volume.

After the substitutions

r=nf, p=pp, k) = ko k),
p=poit, T=To T (8)

the problem (1)-(7) takes the following form:

op _10 (k@ 07 -
E_faf( . raf),ro <r<r,t>0, (9
OT _ jk® 0P (0T | mOP) | 0P
ot =4 n af(ar—"'Bar-) +D61" (10)
<7715, >0,
p(r,0) =1 1r<r<r, (11)
2mk(p) (= 0P .o
T(rﬁ) ~1=Q+ T3 _1>0, (12)
pGs1) =1 >0, (13)
TFO0) =1, T@Ft) =1 (14)
Here,
ko Tc e ~ Ho
T= tro=—,r%=—,0= Q,
worEB 0 T Hkopx
~ C - C - - C
c=—C *’A=pf P poPeE 5 PGPk
Hrip Cp1 Ty Cpi Ty

As can be seen, equation (9) is not explicitly re-
lated to the function T (7, t). Therefore, we can solve

this equation separately.
2

By using of the substitution x = % we trans-
form the problem (9)-(14) as follows:

op _ 0 ( k@ P

E_ax(x u ax)’chxSxS’T>0’ (15)

p(x,0) =1, x, < x < x4, (16)
ank(p) (9P — (s Fop

D) (22) " (@+e) .
ﬁ(rs: ) =1, >0, (18)
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oTf _ yk®) , 00 (0T | 50P\ , 70P
GT_A u xax(ax Bax)+D T’ (19)
X, <x<x5 T>0,
T(x,0) = 1,

T(xS) 0) = 1'

(20)
(e2))

2 2
here, x, = %0. Xg = %S.

The problem (15)-(21) is a mixed problem for
partial differential equations with special nonlineari-
ty which makes difficulties in finding its exact (ana-
lytical) solution. Obtaining approximate solution
describing all physical properties accurate for the
considered problem requires effective numerical
method. Among extensive of approximate methods
the finite differences method is one of the universal
tools for obtaining numerical solution of the problem
of nonlinear partial differential equations (see, for
example, Asus, Cerrapu, 1982; Camapckuii, 1977;
Richmyer, Morton, 1967; T'ogyHoB, PsOeHbkwit,
1972; LeVeque, 2002; Toro, 1999 et al.).

3. Building a Numerical Solution Algorithm
At first we cover the segment [x., xg] into n equal
subsegments and let denote by x;, (j =0,1,2,..n)

points of partitions that Xj =Xc+ ] hy,
(i=012,..n), and h, = xs;xc. By analogy, the
[0,T) with points t,=k-h; h;>0, (k=
0,1,2,...,) isdivided to time layer.

Thus, the following grids

O, = {5 =2+ by Ry =25}

(G=012..n)
Qp ={tx =k-hy,h; >0,(k=01,..,)}

cover the [x.,x,] and [0,T) respectively. Conse-
quently, ‘Q‘hth = th X 'Qhr that is

Qn, = {5 70)| % €,y T € O }
is two dimensional grid which covers of
D ={(x,7)|x €[x,xs], T€E[O,T)}.

The approximate solution of the problem (15)-
(21) found by the following system of algebraic
equations which constructed by method of finite dif-
ferences:

Pt = B[ 17 (R 160K +
R K R K 1P;
R GCOK 1 )|+ VR 1GOK 1 P+

+]/RJ_%(X)K]_% j—1,k, (22)
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G=12..n—1, k=012..),

Pio=1, (j=01,..,n), (23)
7/1% (Pl,k _PO,k) - 1nQ=
= C Pojs1 — C Poy, (24)
Poe=1 1>0, (25)
Tiks1 =Tjr + V“Ixi@([)jﬂ,lﬁl -
Pe) Tivak ; Tiqk
+VABxi k(l;j,k) (Pj+1,k+1 - Pj.k+1)2 +
Y1D(Pik+1 — Pix), (26)
G=12..n—1; k=012, ..,),
Tio=1 (j=012..,n), 27)
Tox =1, (k=012,.., ). (28)
Here,
R, a0 =215,
KS_%(P) _ k(Pg.1) ‘; k(Ps—1)’ (s=ii—1).

3.1. Analysis of Calculated Results

In order to carry out computer tests on the basis algo-
rithm of (22)-(28) we use the relation of absolute perme-
ability k (p) = ax[1 + ap(p — px)] suggested by
(IxamanoB u np., 2018), and another necessary data
adduced in the Table too. The graphical presenta-
tions of achieved results are shown on Fig. 1-6. It is
clear that the change in pressure in the oil reservoir
occurs only due to the well, which in turn leads to a
change of temperature in the reservoir. The dynamic
change in reservoir pressure and temperature over
time is shown in Fig. 1 and Fig. 2, respectively.
These results show that the change in pressure in the
well does not depend on the thermobaric parameters,
but only on the parameters of the filtration capacity.

Fig. 3-6 show the time dependence graphs of
the thermophysical and filtration capacity parame-
ters of the fluid temperature at the wellbore.

According to Fig. 3 and Fig. 4, we see that a de-
crease in the permeability values of the collector
leads to an increase in the temperature drop, and an
increase in the viscosity of the fluid leads to a de-
crease in the temperature drop.
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Table
Physical quantities Units of measurement Numeric values
1
* — 1.0-107*
F MPa
k m? 0.05-10712
u MPa - seconds 7.0-10710
T, m 0.1
T m 0.2-10?
Djol
Cp1 e 1800
Djol 3
Csr kg K 1.8-10
Djol
C 5-103
r kg K 1.5-10
kg 2
Py 3 8.5-10
m - 0.2
K
£ 0.4
MPa
Dk MPa 40.2
Pe MPa 40.2
Ty (o 65
H m 15
3
0 m 1.157 - 10~*
sec .
_ _ A =0.832,B =0.8147 - 1072,
@ = A+ Bpr = CPgor C=0.0023
Pqor MPa 96.6
K
n — 1.5-1072
MPa

— datat
— data2
—— — datad

I I I I I
0 0.05 0.1 0.15 0.2 0.25 03 0.35 04 045 05
t time

Fig. 1. Graphs of pressure drop distribution at the face of well-
bore depending on the fixed value of viscosity u =0.5-
10~*MPa - sec, and at different values of permeability; 1) k =
0.005-10712m?2, 2) k=0.01-10"2m?, 3) k=0.05"
10—12 mZ

— datal
— data2
| —data3

0¥ I I I I I
0 005 01 0.15 02 025 03 0.35 04 045 05
t time

Fig. 2. Graphs of pressure drop distribution at the face of well-
bore depending on the fixed value of permeability k = 0.05 -
10712 m? and at different values of viscosity: 1) u=1-
1071MPa-sec, 2) p=0.5-10"1MPa-sec, 3) u=0.7"
1071°MPa - sec
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Fig. 3. Graphs of temperature drop distribution at the face of wellbore
depending on the fixed value of viscosity u = 0.7 - 10~*MPa - sec,
and at different values of permeability: 1) k =0.01-
10712 m2, 2)k = 0.005- 10712 m2, 3) k = 0.05 - 10~ 12m?

0.06 T

— datat
| —— data2
—— datad)

0.041 3 ,
5008 / 1
=

002} p

0.01F

[ — e e
0 0005 001 0015 002 0025 003 0035 004 0045 005
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Fig. 4. Graphs of temperature drop distribution at the face of wellbore
depending on the fixed value of permeability k = 0.05 - 10~2m?
and for different viscosity values: 1) u = 1-1071° MPa - sec, 2)
u=05-10"1MPa-sec,3) u=7-10"1"MPa - sec

002 e

00181
0.016}-
0014
0012
0t
e
= 0.008F
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0004 — datal
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0 1 1 1 1 1 T
003 00% 004 0045 005

0.0021
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0 0005 001 0015 002 0025
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Fig. 5. Graphs of temperature drop distribution at the face of
wellbore depending on the fixed value of the Joule-Thomson
coefficient € = 0.4 % and at different values of the specific
Djol

heat capacity of the liquid: 1) Cqujq = 1500 p 2) Chuia =
Djol _ Djol
1850 o 3) Chuiqg = 2100 o

Fig. 5 shows the time dependence of the tem-
perature drop at the face of wellbore depending on
the value of the specific heat capacity of the liquid.
An increase in the cost of the specific heat capacity
of a liquid leads to an increase in the temperature
drop over time.
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Fig. 6. Graphs of temperature drop distribution at the face of
wellbore depending on the fixed value of heat capacity of the

.. Djol
liquid Crpyiq = 1880 k;"K

effect: 1) e=01——, 2) &=03—,
MPa MPa

and at the different values of the

Joule-Thomson
3)e=04——

Temperature anomaly, which depends on time
and is observed when the Joule-Thomson’s coefti-
cient changes, dramatically affects the temperature
field distribution (Fig. 6). In the variant under con-
sideration, with an increase in the value of the pa-
rameter €, the difference between the temperature

drops is about 70-75% compared to = 0.1 % .

0 I I I I I I I I I
0 0.005 0.01 0015 002 0025 003 003% 004 0045 005
t time

Fig. 7. Graphs of pressure drop distribution at the face of well-
bore depending on the deformation factor of collector: 1 — the
case a = 0;2—thecase ) =1

05

0 |
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
ttime

Fig. 8. Graphs of temperature drop distribution at the face of
wellbore depending on the deformation factor of collector: 1)
the case aj, = 0, 2)thecase ay, = 1
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As can be seen from the graph, negligible
change of the deformation coefficient slightly affect
the overfall temperature at the outlet of the collector
(Fig. 8), during the exploitation of the oil reservoir.

035 :

0 I I I I I I I
0 0005 001 0015 002 0025 003 0035
t time

I I
004 0045 005

Fig. 9. Graphs of pressure drop distribution at the face of well-
bore depending on the coefficient of impact of the wellbore
volume: 1 —thecase C = 0; 2— thecase C =1

Conclusions

— A hydro-thermodynamics model of the process of
heat and mass transfer formed in the conditions
of nonstationary filtration of a liquid in a porous
medium layer with a fractured collector is pro-
posed and a numerical solution algorithm is de-
veloped. The effect of the parameters included in
the model on the process has been studied.
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— Based on the results of the numerical calcula-
tions, it was found that the thermophysical and
filtration-capacity parameters have different ef-
fects on the distribution of pressure and tempera-
ture field in the porous medium, which is im-
portant to consider in solving practical problems
related to field development, including well
thermometry.

JUTEPATYPA

Le Veque R.J. Finite volume methods for hyperbolic problems.
Cambridge University Press. Cambridge, United Kingdom,
2002, 558 p.

Richmyer R.D., Morton K.W. Difference methods for initial
value problems Wiley-Interscience. New York, 1967, 405 p.

Toro E.F. Riemann solvers and numerical methods for fluid dy-
namics. Springer-Verlag. Berlin Heidelberg, 1999, 624 p.

AbacoB M.T., AzumoB D.H. Kymues A.M. I'mnpo-Tepmoauna-
MHYECKHE HCCICAOBAHHS CKBOKHH TIJIyOOKO3aJIeraomnx
MecTopoxaeHnH. Asepbaiimxanckoe ['ocynapcteennoe 13-
natenbeTBo. baky, 1993, 176 c.

AmmmaeB M.I'., Pozerbepr M./1., Tecmok E.B. Henzorepmuue-
cKkast puIbTpanus IpH pa3paboTke HEPYTIHBIX MECTOPOXKIE-
Huil. Henpa. Mocksa, 1985, 271 c.

Asu3 X., Cerrapu O. MaremaTHueckoe MOJAEIMPOBAHUE ILIA-
croBbIXx cucteM. Henpa. Mockaa, 1982, 407 c.

l'onynoB C.K., Pabenbkuii B.C. Pa3noctHble cxembl. Hayka.
Mockea, 1972, 400 c.

Jxananos I'.11., U6parumoB T.M., AnueB A.A., ['opmkosa E.B.
MopenupoBanue U HCCIeIOBaHNE (HUIBTPAIMOHHBIX IIPO-
[[ECCOB B IIyOOKO3aJEeTAIOMNX MECTOPOXKACHUAX HeYTH H
ra3a. Enm Be Texcui. baky, 2018, 382 c.

Kapauunckuii B.E. MeTtoasl reorepMoMHaMUKH 3ajexKel rasa
u Hedtu. Henpa. Mocksa, 1975, 168 c.

PamazanoB A.Ill. TeopeTnueckue OCHOBBI TEPMOTHIPOIUHAMU-
YEeCKHX METOJIOB HcClefoBaHHus He(TsHbIX ruiacToB. [luc-
cepTanys Ha COUCKAHHUE yIEHOH CTETIeHN HOKTOpa TeXHUYe-
ckux Hayk. ¥Ya, 2004, 269 c.

PamazanoB A.ILL, [Tapuma A.B. Temneparyproe moine B HedTe-
BOJIOHACBIIIICHHOM IUIACTE C YYEeTOM pasra3HpoBaHUs He(TH.

47



G.LJalalov et al. /| ANAS Transactions, Earth Sciences 1 /2023, 42-48; DOI: 10.33677/ggianas20230100092

Richmyer R.D., Morton K.W. Difference methods for initial Hedrerazosoe nemno, No. 1, 2006, c. 1-17.
value problems Wiley-Interscience. New York, 1967, 405 p. Camapckuit A.A. Teopus pazHocTHbeIx cxeM. Hayka. Mocksa,
Samarskii A.A. Theory of finite differences schemes. Nauka. 1977, 656 c.
Moscow, 1977, 656 p. (in Russian). Oumunmos AJ., Axmerosa O.B. TemnepaTypHoe none B Iuia-
Toro E.F. Riemann solvers and numerical methods for fluid cte u ckBaxune. ['mnem. Yoa, 2011, 336 c.
dynamics. Springer-Verlag. Berlin Heidelberg, 1999, 624 p. Yexamox 3.b. Tepmomunamuka mHedrsanoro mmacra. Henpa.
Mockea, 1965, 238 c.

YUCJIEHHOE MOJEJIMPOBAHUE TEPMOI'MAPOJUHAMMUYECKUX NIPOOECCOB
B AEOOPMUPOBAHHOM HE®TAHOM IIJIACTE

Jxananos I'.U.1, Pacyiros M.A.l, Mup3soesa JI.P.2
Munucmepcmeo nayku u obpaszosanus Azepbaiiocanckoti Pecnybnuxu, Hncmumym negpmu u 2aza, Asepbatiodican
AZ1000, baky, yn. @.Amuposa, 9: dzhalalovgarib@rambler.ru; mresulovi@gmail.com
Munucmepcmso nayku u obpasoeanus Asepbatioscana, Hucmumym 2eonozuu u 2eopusuxu, Asepbatiodcan
AZ1143, Baxy, npocn. I' [{ncasuoa, 119: dilazer@yandex.ru

Pe3rome. MHOTOUHCIICHHBIE TPUYNHBI HAJTMYHS 3aI1aCOB YIIIEBOJOPOIOB, A TAK)XKE CI0KHOCTH IIPOIIECCOB, CBSI3aHHBIX ¢ UX 00pa-
30BaHUEM M JOOBIYEH, BBIIBUTAIOT HA MIEPBBII IUIAaH HEOOXOIMMOCTh UCIIOIb30BaHMSI KOMIUIEKCHBIX HayYHBIX ITOJXOJ0B IIPH PaL0-
HaJILHOM BBIOOpE M pa3paboTKe METOIOB KCIUTyaTalli. BakHEeHIINM HanpaBiIeHHEM 3THX HCCIISJOBaHUIT SBIIETCS U3y4YeHHE Mac-
COIEPEHOCA YIVICBOJOPOZOB M MEXaHM3MOB MeX(pa3HOro Iepexoja C yu4eToM M3MEHEHHs JaBJICHUS M TEeMIepaTypbl B ILIACTE B
ycnoBusAX GuiabTpauuud MHorogasHoro ¢iaronga B TOpUCTOM cpexe. B (dyHOaMeHTanbHBIX HCCIENOBAHUAX IO (U3UKO-
MaTeMaTHYeCKOMY MOJICTTMPOBAHMIO [UIsl TIPOTHO3a MOJIHOH pa3pabOTKH Ba)KHO YYHMTHIBATh BCE OCOOCHHOCTH TEMIEPATypHBIX aHO-
MaJuil IpH IBMKEHHHU Ta30’KMAKOCTHBIX CHCTEM Ha MECTOPOKACHHUSX YIIICBOJOPOIOB C Pa3INYHBIMHU TEPMOOAPHIECKUMHU YCIOBHUS-
MH. B cTaThe pemraercs 3amava onpenennuTh CTENEHb BIMSHUS TEMIIEPATypHBIX aHOMAIUI Ha pachpeielieHue TepMOTHAPOANHAMHE-
YeCKHUX MOJIeH pH pa3paboTke HeTIHOH 3anexu nedopMupyeMbIM Imu1acToM. [Ipe/yuioxkeH allropuT™ YUCIEHHOTO PELIeHHs U Ipo-
BEJICHbl MHOTOYHCIICHHBIE KOMIIBIOTEPHBIC IKCIIEPUMEHTHI IIyTeM CO3JaHMsl mporpaMMHoro obecnedenus. OLEHHBAIOCH BIIUSIHUE
yIEeIbHOU TEIJIOEMKOCTH JKUIKOCTH, Koadduuuenrta [xoyna-Tomcona, koadduuuenTa BausHus o0beMa CTBOJIA CKBaXKUHBI, a0CO-
JIFOTHOH NPOHMIIAEMOCTH, BSI3KOCTH KMAKOCTU U Ne(hOpPMALIMOHHBIX CBOICTB Ha IIpoLiecc.
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Hocmetl, koaghpuyuenm Jocoyas-Tomcona

DEFORMASIYA OLUNAN NEFT YATAQLARINDA TERMOHIDRODINAMIK PROSESLORIN
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Xiilasa. Karbohidrogen ehtiyatlarinin mévcudlugunu tomin edon ¢oxsayli sabablor, hamg¢inin onlarin amoalogolma va ¢ixarilmasi
ilo bagli bag veran proseslorin miirokkabliyi islonilma tisullarinin rasional olaraq se¢ilmosi vo yaradilmasinda kompleks elmi yanag-
malarm zaruriliyini 6na ¢akir. Bu tadgiqatlarin an vacib istiqgamati masamali miihitde ¢oxfazali fluidin siiziilmasi goraitinds layda toz-
yiq va temperatur doyismalarini nazars almaqla karbohidrogenlarin kiitls miibadilesini va fazalararast kegid mexanizmlarinin dyranil-
masinden ibaratdir.

Fiziki vo riyazi modellosms iizrs aparilan fundamental todqiqatlar iso miixtolif sociyysli termobarik soraito malik karbohidrogen
yataqlarinda qaz-maye sistemlorinin harokoti zamani yaranan temperatur anomaliyalarinin biitiin xiisusiyyatlorinin tamliqla islonilmo
gostaricilarinin prognozunun tayini zamani nozors almmast vacib vo mithiim shomiyyate malikdir. Magale bu gebilden olan islonilme
masalasinin hallina hasr olundugundan miihiim aktualliq kasb edir.

Bu is deformasiya olunan kollektorda neftin istismar: zamani temperatur anomaliyalarinin termodinamika sahalorinin paylanma-
sina tasir daracesinin toyin edilmasi masalasing hasr edilmisdir. ©dadi hallin tapilmas: iigiin alqoritm taklif edilmis vo proqram to-
minatimin yaradilmast yolu ilo ¢oxsaylt kompiiter tacriibalori aparilmigdir. Mayenin xiisusi istilik tutumunun, Joul-Tomson amsalinin,
quyu lilesinin hacmi tesir omsalinin, miitloq kegiriciliyin, mayenin 6zliiliiyiiniin vo kollektorun deformasiya xassolorinin istismar
prosesing tosiri qiymotlondirilmisdir.

Acar sozlar: layda kiitlo-temperatur miibadilasi, deformasiya olunan kollektor, fliiidin siiziilmasi, sonlu farqlar tisulu, Joule-Tom-
son amsall
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