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Extraction of natural gas and crude oil demand is the highest 
it has been in the past. Hydraulic fracturing (hydrofracking) is 
used in about 90% of the nation’s oil and natural gas wells 
[1].

The proposed research will use a micro-fluidic based 
approach in order to visualize a fluid displacement as well as 
particle-particle interactions in a micromodel that mimics 
the flow of an actual reservoir. Nano porous silica particles, 
proppants, with spherical shapes and diameters of 0.1 mm 
are going to be utilized. 
(a) Customized high pressure vessel with ISCO Teledyne. 

Different pressure levels will be applied (8-15 MPa), 
adjusting the pressure flow will result in the various 
interactions with the fluid and proppants.

(b) Simple geometry T-junction porous PMMA chip will be 
fabricated for testing. There is an input channel 
connecting the pressure vessel and an output channel 
within the chip 

(c) Experimental setup using high-speed camera (4X), 
inverted microscope, high pressure vessel, and chip 
clamped down. 
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Hydrofracking and fluid-driven rock fracturing technologies 
has enabled recovery of natural gas and oil embedded in low 
permeability reservoirs. Approximately 5-20% of oil is 
enabled to be produced from primary production, 
hydrofracking is used to extract these oils deep 
underground. By injecting high pressure fluid in the 
horizontal wells, fractures are formed and are propped open 
with proppants to keep the crack open. The pumped fluid is 
then retracted by high vacuum pressure and the 
hydrocarbons originally deposited in the reservoir are 
escaped through the fractures to the surface. The impact of 
hydraulic fracturing technology on global energy is 
significant as this technology has already reversed a 
declining trend in the USA fossil fuel production. 
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Objective 1. Particle-particle interactions at different pressures.
Objective 2. Water retraction in porous media under high 
pressure.

(a) (b)

(c)

The proposed work will significantly advance our 
understanding of the particle-laden and hydrocarbon flow 
dynamics in porous media with different conditions of surface 
wettability under high pressure. 
• The hydrofracking process includes

large volumes of fracturing 
fluids to be injected in a reservoir at 
high pressures. 

• The injected fluid creates fractures 
that extend from the wellbore out to 
the formation are kept propped open with proppants 
entrained in the fluid.

• This enables hydrocarbons as well as other fluids to have 
more free flow in and out of the wellbore

• The pumped fluid is then retracted by high vacuum 
pressure abandoning injected proppants in the fracture. 
Proppant selection is crucial in order to obtain more 
durable materials within the cracks. 


