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INTRODUCTION
Fluid is more mobile in high permeable media 

than low permeable one; therefore, the move-

ment and the forward is faster in the first one. 

This is important because low permeable media 

often require acidizing. At this stage, a diverter 

agent is felt to move the acid to the low perme-

able areas; consequently, the efficiency of well 

stimulating is enhanced, and the operation is 

done well.

EXPERIMENTAL PROCEDURE
THEORETICAL FOUNDATIONS
In 2005, a model for studying the acidizing of 

carbonate cores with hydrochloric acid has been 

provided by Pangda et al. Moreover, the devel-

oped model for acid gels has been obtained by 

the power law fluid equation (Equation 1):
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The mass equilibrium equation for fluids in a fi-

nite element (continuity equation) is expressed 

by the following equation (Equation 2) [1].
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Then, two transition equations are considered, 

one for the base acid and the other for the gell-

ing agent (as seen in Equations 3 and 4). It is clear 

that the solubility term appears only in the base 

acid transfer equation and the gelation factor 

only plays a diversion role:
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There are two modes of constant injection rate 

and constant pressure drop to solve this set of 

equations. Due to the easier adjustment of the 

injection rate, it is usually more logical and more 

common to conduct a constant injection rate in 

both laboratory and reservoir scale.

RANDOM WALKING PARTICLE 
T R A C K I N G 1 
Modeling the transport of nanoparticles in het-

erogeneous porous media relies on Lagrangian 

methods and in particular, Random Walking Par-

ticle Tracking method. Moreover, the transport 

of a nanoparticle is caused by advection and dif-

fusion where the convection part is affected by 

fluid velocity and longitudinal dispersivity while 

the diffusion part is affected by transverse dis-

persivity and brownian motion. In this approach, 

the Lagrangian approach is used for investigating 

advection term. In addition, Eulerian approach is 

used for diffusion term. It is obvious that location 

of each particle can be obtained longitudinally 

and transversely by using RWPT method. [2]

STICKING EFFICIENCY
sticking efficiency is defined when there are re-

pulsive and attractive forces between nanopar-

ticle-nanoparticle and nanoparticle-surface. It is 

worth noting that these two energies may cause 

100% of collisions not to stick or connect. In pre-

sentation of electrostatic repulsive force and van 

der waals attractive force, the sticking efficiency 

is expressed as (Equation 5):

1. RWPT

                                                                                        (5)

ET is the sum of repulsive and attractive energies.

If collision efficiency between a nanoparticle and 

another nanoparticle is obvious, then:

E E ET EDL NNvdW NN= + −−              (6)

And if the collision efficiency between nanopar-

ticle and collector is obvious, then:

E E ET EDL NCvdW NC= + −−                               (7)

where EvdW-NN is the van der waals between a par-

ticle and another particle, EvdW-NC is attractive en-

ergy between particle and collector, EEDL-NN is the 

electrostatic repulsive energy between a particle 

and another particle, EEDL-NC is energy between 

particle and collector, kB is Boltzman constant, 

and T is the absolute temperature.

PARTICLE - COLLECTOR AND PARTI-
CLE-PARTICLE INTERACTION 
Particle-collector interaction: attaching or 

detaching the particles from the surface is 

explained by Dr. Taghavi’s approach. In this way, 

first two possible parameters, i.e. Pp
att and Pp

det 

are defined for attachment and detachment of 

nanoparticles from the surface (as seen in the 

Equations 8 and 9):
attP = k j Dtp att att                                           (8)
detP = k Dtp det

                                                        (9)

Then a random number is selected for each 

particle (from a uniform distribution ranging 

between 0 and 1). Those particles whose 

attachment-detachment probability exceeds 

the random number are labeled as retained-

suspended in the next time-step calculation.
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PARTICLE - PARTICLE INTERACTION 
 The sticking of clusters together is considered 

only due to the relationship of aggregation of 

particles in k size. Similarly, only one aggregation 

probability is defined for cluster, with i and j size 

(as seen in Equation 10):

( ) ( ) ( )dnagg iP = - = a h i, j n Dtpp jp i - p j ni
                                                                                   (10)

A random number is defined for each pair of 

particles. The pair whose function is higher than 

random number lead to bigger cluster with new 

i + j = k size.

RESULTS AND DISCUSSION
EFFECT OF PURE ACID
Initially, the effect of pure acid (hydrochloric 

acid) is obtained at two different concentrations 

at constant injection rate. In addition, at a 

concentration of 10% and an injection rate 

of 3.5 ml/min due to the slow process of the 

acid dissolution, the breakthrough time is 

approximately one hour, and the breakthrough 

volume is about 8. Also, at a concentration of 

15% and the same injection rate of 3.5 ml per 

minute, this time is reduced to 45 minutes, 

with a breakthrough volume of approximately 

5.8. Moreover, breakthrough time in acid 

concentration of 15% and an injection rate of 

0.3 ml/min is approximately 160 minutes, which 

according to the injection rate its breakthrough 

volume is equal to 1.65. Hence, it indicates 

that the injection rate is 0.3 ml/minute is more 

optimal and desirable injection rate.

ACID GEL
To investigate the results caused by diverting in 

acidizing, five cases by changing the concentration 

of acid and nanoparticles, as well as the variation 

of the injection rate are given in the following. 

The results are completely independent in these 

three cases. Moreover, it is worth mentioning 

that the experimental results are also next to 

each section. 

In alumina, the difference in pH-isoelectric point 

is higher than that of silica particles; therefore, 

the particles exhibit more repulsive forces 

than the silica particles. Less collisions result in 

particle aggregation, and consequently, the trend 

of increasing the pressure drop across the core, 

due to the latency of the gel formation by the 

alumina particles, starts later than when silica 

nanoparticles used for gelation. Therefore, in 

general, when the alumina particles are present 

in the Nanofluid, a longer latency is observed in 

the gelation, and the trend of pressure reduction 

due to the predominance of acid dissolution will 

be more time consuming.

In a mixture of alumina and silica particles with 

respect to the mixing percentage of particles, its 

zero surface charge point is placed between the 

iep of the silica and the iep of the alumina. It is 

clear that this mixture forms a stronger gel more 

rapidly rather than an acidic fluid containing only 

alumina, resulting in less breakthrough volume 

[3].

CONCLUSIONS
According to the results, nanoparticle acids 

require less breakthrough volume due to acid 

diverting toward low permeable regions.
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