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This study researched the problems of filtration modeling of structured petroleum with anomaly
characteristics in porous rock layers with respect to coagulation structuring. New rheological equa-
tion of fluids with Bingham flow model, the events of filtration in pores in oil reservoirs was estab-
lished and presented. A relation was achieved regarding the changes in filtration velocity based on
pressure gradient and shear stress in the new equation.lIt has been observed that the theoretical model
demonstrated established good compliance with the experimentaldates.
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Petroleum structured systems are com-
posed of high molecular paraffin crystals and
coagulation of asphaltene particles. These
structures are mainly in reticulated form, which
are chained or formed at the extreme boundary

equilibrium[1,2]. These systems gain mobility
only when this structure is collapsed (7 >>7,),

where 7, —is the critical shear stress. On the

other hand, if the external stress applied is
weak, it results in the deformation of the reticu-
lum or the carcass. As demonstrated by this ex-
pression, with increasing petroleum viscosity,
the collision frequency and formation probabil-
ity of objects (clustering) formed at the result of
the coagulation would decrease. The dimen-
sions of the clustered asphaltene particles in-
crease and the disintegration of the particles
commence when they reach the maximum size
that is the unstable structure. Among the parti-
cles of the clustered object under the effects of
the hydrodynamic forces, when the stress
reaches critical values, these objects divide into
smaller objects. Clustered structures formed by
paraffin and asphaltene have different specifi-
cations. These structures do not immediately
disintegrate when pressure is applied for the
flow of petroleum. When the shear rate increas-
es in excess (7 >>1,), objects could disinte-

grate until they form single particles. This type
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of flow of petroleum and petroleum emulsions
indicate the characteristics of non-Newtonian

flow. Since effective viscosity 7(T,gradP) is

dependent on temperature and shear rate (pres-
sure gradient), additional energy expenditure is
required for disintegration of the objects during
the initial period of the petroleum flow. On the
other hand, when the effect of the pressure is re-
moved, the structure of the object returns to its
initial state and viscosity reaches the maximum
value. Thus, thyrotrophic property is observed.In
such structures, disperse asphaltene particles are
in coagulation and clustering activity and have
structural instability. Characteristics of the anoma-
ly petroleum are different than the characteristics
of the petroleum that fit general specifications and
their flow regimes determined by the laws of flow
for non-Newtonian flows.Rheological characteris-
tics of non-Newtonian specific petroleum change
depending on the concentration of disperse mix-
ture they contain as well. Elastic flow area is writ-
ten according to Bingham equation as follows:

T=15+0%y Q)

Darsy law for non—Newtonian petroleum
is different from its traditional form and could
be written as the following nonlinear form:
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When the Newton equation (nzz,) IS
Y

taken into consideration (1) could be written as
follows:

n=n +0 =" [T*Oﬁl] 3)

Then the following basic statement is ob-
tained for effective viscosity:

_ * TO_ * T
(LIRS s 4)

approach ( 7>>7, ),

In the limit

if’%_m, yieldsn — n". Thus, with effects of

the increase in shear stress of the systems with
structural framework, viscosity changes from
the initial value ofz,, to ¥, value. When (4) is

considered in equation(2), that modified Darsy
equation for structural specific petroleum sys-

tems is obtained as follows[3] :
Vv :—L*(l—ﬁJa—P (5)
n T ) OX

Evidently, it turns into the traditional Darsy
equation for basic petroleum without structural
characteristics when 7 >> ;. To implement this

new equation (5) determining filtration of structur-
al suspensions and anomaly petroleum, the relation

off% ratio with the system parameters has to be
established. According to the review of the results
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of several experimental studies, (T% ) ratio in fil-
tration of anomaly petroleum could be expressed

as follows:
T grad P '
In—=q| —— 6
7, a((grad P)Oj ©)

Thus filtration velocity of petroleum,
(r%) ratio determined from equation(6), con-
sidering at equation(5) easily can be calculat-
ed.Using the experimental results [4] and con-
sidering equations(5) and (6), the petroleum
filtration velocity could be written as below:

V=K, (T)(l—exp(—a2 (T)(z/zo)6))2 (7)

Here
a, =0.1422 exp(—0.0247T ) ,

K, (T)=1.4x10"5exp(0.0364T ),
z=gradP,z, = (gradP),, K, = % is the mo-

bility of petroleum.

Figure 1 demonstrates the comparison of
experimental [4] and theoretical (7) results of
filtration velocity of the anomaly petroleum
drilled from different oil wells.The changes of
the initial pressure gradient based on tempera-
ture written as below, (grad P), = a, + b?
where a,=2.197, b, = 0.3275.
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Fig. 1. The comparison of experimental and theoretical results of the change in filtration velocity
of the petroleum for oil well based on temperature: 1. T=24°C; 2. T=50"C; 3. T=80"C
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Fig. 2.The variation of effective viscosity based on the pressure gradient.Figure 6 indicates theoretical results for
the change in shear stress relative to the pressure gradient calculated based on the formula,

Comparison of these equations clearly
demonstrates that the form of the changes in the
filtration equations for anomaly petroleum from
different drillings indicated the same similari-
ties.According to as results of experimental dates,
the relation of plastic viscosity of anomaly petro-
leum with pressure gradient could be determined
with the following empirical formula:

*

0" =(n,—n.)exp(-302°)+28exp(-26.652)+7, (8)

Here, 1y 1., is the initial (7 << 7y)and fi-
nal (t # t,) viscosities of petroleum, respec-
tively.Figure 2 indicates the comparison of the
theoretical results of Eq. 10 and the experi-
mental dates [4] in T=24 °C tempera-

ture.Considering empirical results in litera-
ture[4]approximate relation of the variation of

effective viscosity based on the pressure gradi-
ent for anomaly petroleum can determine.As
could be observed in Figure 2, effective vis-
cosity of anomaly petroleum in low flow veloc-
ity is effectively dependent on shear rate or
pressure gradient.

O S (L I
Inz=Inz, exp[ a((gradP)on ©)
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Usually one of the factors affecting the
effective viscosity of suspensions is various
disperse mixtures they contain. Concentration
of the particles asphaltenes, their shapes and
dimensions affect significantly the effective
viscosity of this type of systems.

The study presented the new form of
Darsy equation, which takes into consideration
the dependency of filtration velocity for Bing-
ham rheological fluid flows to pressure gradi-
ent, and shear stress (Eq. 5). Semi-empirical
equations that determine the mobility and effi-
cient viscosity of petroleum based on volumet-
ric density of particles and shear stress, are pro-
posed. Properties and coagulation structures
(formation and disintegration of objects) of
rheological fluids change in time due to their
unstable behavior.

REFERENCES

1. Mirzadjanzadeh A.Kh. Problems of Hydrodynamical
problems of the viscoplastic and viscous fluids in oil
drylling. 1959,Baku: Aznefte izdat.

2. Chhabra R.P., and Richardson J.F. Non-newtonian
flow and applied rheology engineering application (Sec-
ond Ed.) Elsevier Ltd. 2008.

3. Kelbaliyev G.I.,Rzaev A.G., Rasulov S.R. Analysis and
filtration model of anomaly petrols in the porous bed.// J.
Engineering and Thermophysics, 2015, v.88, N2, p.296-302.
4. Devlikamov V.V., Habibullin Z.A., and Kabirov,
Anomaly petrols. Moscow: Nedra, 1975.

Institute of Catalysis and Inorganic
Chemistry named after acad. M.F.Nagiyev

—<»— [1OKJIAObI



AZORBAYCAN MiLLI ELMLOR AKADEMIYASININ MORUZSLORI, 2015, LXXI CILD, Nel 59

kudret.kelbaliev@mail.ru
QEYRI-NYUTON NEFTLORIN AXINI UCUN REOLOJi MODEL

Q.1.Kalbaliyev, S.R.Rasulov, Ab.Q.Rzayev, G.Z.Siileymanov, D.B.Tagiyev

Isdo anomal xiisusiyyatloro malik neftlorin daslasmis mosamali siixurlarda qurulus emalagalmo vo koaqullasma
zaman siiziilmosi problemlariylo slagodar tadqiqat iglarinin naticalorina baxilmigdir. Bu naticalora gérs maye axini Vo
“Bingham” modeli ii¢iin yeni reoloji tonlik toklif edilmisdir ki, bu tonlik yataqlardan siiziilon neftin hacm siiratini
miisyyon etmoya imkan verir. Digor torafdon miioyyon edilmisdir ki, neftin hocmi siiziilmo siirati lay tozyiq amsalindan
asili olaraq doyisir vo nazari hesablamalarla eksperimental naticalor tist-iisto diisiir.

Acar sozlar: geyri-nyuton neftlor, mayelor ticiin reoloji tonliklor, daslasmis masamoli laylar, koaqullasma, siiziilmo

PEOJIOIT'MYECKASA MOJAEJIb JJIs1 HEOHBIOTOHOBCKHUX HE®TSHBIX IOTOKOB
K.N.Kenb6anues, C.P.PacysioB, A6.K. P3aes, I'.3.CyJeiimanos, /I.b.Tarues

B pabore uccnenoBanmick npo0ieMbl MOAEIUPOBaHUS (PUIIBTPALIK CTPYKTYPUPOBAaHHOW HE(TH C aHOMAJILHBIMH
XapaKTEepPUCTUKAaMH B IOPUCTHIX KAMEHHBIX IUIacTaxX B OTHOILIEHUH K CTPYKTYPHPOBAHHIO KOAryJIMPOBaHUSA. Y CTAHOBJIEHBI
Y MPEJICTABIICHBI HOBBIC PEOJIOTHYECKUE YPABHEHHUS JKHKOCTEH OCPEICTBOM IPOTOYHO# Monenu “ Bingham” u sBnenus
¢uIBpTpanyy B opax HeTIHBIX pe3epByapoB.Y CTAHOBIIEHBI B3aNMOCBS3U B OTHOILICHUH U3MEHEHHH 00BbEMHON CKOPOCTH
(UIBTpanyy Ha OCHOBE TPAANEHTA AAaBICHNS M JaBJICHHS CIIBHI'a B HOBOM YpaBHEHUU.BBIIBICHO,49TO TeopeTHIecKas Mo-
JIeTTb IEMOHCTPHPYET XOPOIIIee COTIACHE C IKCIIEPIMEHTAIbHBIMA TaHHBIMU.

Kntouegvie cnoea.neoHvlomoHo8cKkue Hemi, peonozuyeckue YpasHeHus HUOKocmetl, nopucmole KameHHbvle
NIACMbL, KOA2YIUPOBAHUS, (Duibmpayuu
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