


Demonstrator notes for laboratory activity
Comparing the areal sweep for three polymer concentrations
Amer Syed, Yukie Tanino


Components 
Each Hele-Shaw cell comprises the following (Fig. S1):
· bottom plate (CAD drawing, p. 1)
· top plate (CAD drawing p. 2)
· middle plate (CAD drawing, p. 3)
· 2 custom-made gaskets with 16 holes along the perimeter
· 16 M8 bolts
· 16 M8 wing nuts
· approximately 300 g of clean glass beads
[image: Schematic_filled_HScell]
Fig. S1: Hele-Shaw cell.


Packing the cell with glass beads – stage 1
i. Insert the 16 nuts into the bottom plate such that the threaded ends are facing up.
ii. Insert one gasket through the nuts and ensure that it is perfectly flat.
iii. Place the middle plate through the nuts.  Make sure that there is no gap between the middle plate, gasket, and bottom plate.  This is very important.
iv. Place a weighing boat on the balance and tare.
v. Weigh two batches of 100 g of glass beads and spread them one after the other in the cavity formed by the middle plate, gasket and bottom plate.
vi. Weigh an additional 30 g of glass beads and spread them in the cavity.
vii. Carry out a thorough visual inspection to ensure sure that beads have not entered the space between the gasket and the bottom plate or the gasket and the middle plate.
viii. Place the second gasket on top of the middle plate and place the top plate on top of the gasket.  At each step, ensure that there are no glass beads between plates and gaskets.

Closing the cell – nut tightening sequence
To tighten the cell, the nuts must be tightened in pairs and according to the following sequence (Fig. S2):
i. 7 and 15
ii. 3 and 11
iii. 16 and 8
iv. 14 and 6
v. 2 and 12
vi. 4 and 10
vii. 1 and 9
viii. 5 and 13
Repeat the above sequence until all nuts are tightened.  A torque wrench may be used for tightening.  Do not use excessive force as this may damage the cell.  

[image: C:\Users\s18as4\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Schematic_nuts.png]
Fig. S2: Schematic of the cell illustrating the positioning of the bolts


Packing the cell with glass beads – stage 2
i. Remove one of the 1/8" NPT fittings.  
ii. Slowly insert additional beads, occasionally pushing the beads gently through the hole with a blunt instrument.
iii. Tap the back of the cell gently to settle the beads.
iv. Repeat steps ii and iii until additional beads cannot be inserted into the cell.
v. Tighten the 1/8" NPT fitting.  Do not overtighten as it may crack the polycarbonate plate.

Saturating the packed cell with oil
Connect the packed Hele-Shaw cell to a syringe pump (Fig. S3).  Fill the syringe with oil and mount it on the pump.  Reset the pump volume and start injection at 4 mL/min (Fig. S4).  Once the oil emerges from the cell at the outlet, stop the pump and make a note of the volume injected.
[image: IMG_1576]
Fig. S3. A packed Hele-Shaw cell during oil injection.  Oil is being injected into the cell at 4 mL/min from the upper left corner and the air is expelled from the lower right corner.  If the cell is packed fully with beads, residual air is negligible.


[image: ]
Fig. S4. A packed Hele-Shaw cell during oil injection.  Oil is being injected into the cell at 4 mL/min from the upper left corner and the air is expelled from the lower right corner.  If the cell is packed fully with beads, residual air is negligible.



Chemicals
The following table summarizes the chemicals used in each session.  All items can be purchased from the supermarket.

	chemical
	amount needed for one session (3 setups/experiments)

	xanthan
	1.25 g to make 500 mL each of 0.05 wt% and 0.2 wt% aqueous xanthan solutions.

	vegetable oil
	200 to 270 mL (65 to 90 mL per cell)

	food dye[footnoteRef:1] [1:  Red food dye gives the best contrast.] 

	approx. 5 mL




[bookmark: _GoBack]Materials
Each setup comprises the following items:
· 150 to 200 mL of dyed test solution in a 250 mL plastic beaker
· Hele-Shaw cell packed with 2mm beads (Figs. S1, S2) and fully saturated with oil.  Pore volume must be estimated every time the cell is packed.  Mass of beads required to fill the cell varies from 270 to 340 g per cell depending largely on the thickness of the rubber sleeves between the top and bottom plates and the middle plate.
· a syringe pump (Harvard Apparatus PHD ULTRATM CP syringe pump)
· 140 mL plastic Luer lock tip syringe connected to 2-way valve (we use 1-way stopcock, female Luer lock/male Luer lock rated to 200 psi)
· 10 to 15 cm of rigid 1/8" OD PFA tubing to connect to Hele-Shaw cell via 1/8” compression fitting at inlet port
· 15 to 20 cm of rigid 1/8" OD PFA tubing to connect to Hele-Shaw cell via 1/8” compression fitting at outlet port
· 10 to 15 cm of plastic tubing to connect syringe pump to 1/8” OD tubing
· two 50 or 100 mL plastic measuring cylinders (plastic is preferable to avoid breakage)
· one sheet of acetate (write-on transparency film for overhead projectors)
· a pair of scissors to cut the acetate to fit Hele-Shaw cell
· one permanent marker (fine tip) for drawing on acetate
· one sheet of graph paper
· stopwatch (some students prefer to use their smartphones)


Cleaning after lab session
i. Soak oily beads in soapy water for approximately 15-20 minutes.
ii. Transfer beads into a stainless steel sieve and rinse with running water.
iii. Repeat steps i and ii until beads no longer feel sticky.
iv. Meanwhile, wash the Hele-Shaw cells and gasket with soapy water, and dry with a soft cloth.
v. Spread the glass beads on glass trays and dry them in the oven at 70°C until the beads are dry (4 to 5 hours typically).



4/4

	3/4
image3.jpeg




image4.jpeg




image1.png
Butterfly nut
Bolt

op plate

Bottom plate




image2.png
15
14

O O

o
13

12

11 10




