Supplementary Materials

“Intermittency and Synchronized Motion in Red Blood Cell Dynamics in Shear Flow” by Daniel Cordasco and Prosenjit Bagchi
1. Pure swinging (SW) and tumbling (TB) 
At high shear rate and low viscosity ratio, RBCs exhibit a pure swinging (SW) motion accompanied by membrane tank-tread. Hence, the major axis inclination angle [image: image2.png]


 oscillates with a small amplitude, while the phase angle [image: image4.png]


 crosses ±π/2 as shown below in Figure S1. We note that unlike in reduced-order models [1-4], the trajectory in [image: image6.png]


,[image: image8.png]


 phase-space does not have an `S’ shape. This is because unlike a slower [image: image10.png]sin®¢



 or similar membrane energy variation, our full numerical model shows membrane strain energy has a much steeper gradient behaving like an energy well (Figures 7a and S3).
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Figure S1. Pure swinging (SW).[image: image13.png]


, Ca = 0.033. Left panel shows time evolution of the cell inclination angle [image: image15.png]


 (black solid line), and the phase angle [image: image17.png]


 of a marker point on cell surface (colored dash lines). Right panels shows trajectories in [image: image19.png]


,[image: image21.png]


 phase space. The same line patterns are used in subsequent figures.
At low shear rate and high viscosity ratio RBC exhibits a pure tumbling as shown in Figure S2 in which the major axis inclination angle [image: image23.png]


 crosses ±π/2 implying 1800 rotation while the phase angle [image: image25.png]


 shows a small oscillation. 
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Figure S2. Pure tumbling (TB). [image: image28.png]


, Ca = 0.03.
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Figure S3. Strain energy distribution (in arbitrary units) of a resting RBC for which the stress-free shape is a nearly spherical oblate of reduced volume 0.997.
2. Additional cases of intermittent motion. 
Figures S4 to S7 show intermittent motion as Ca is increased from 0.032 to 0.038 while [image: image31.png]


   is held constant at 0.85. For Ca < 0.032, pure TB motion occurs, and for Ca > 0.038, pure SW motion occurs. In between this narrow range of Ca, the dynamics is intermittent as shown below, changing from a predominantly TB/interrupted by SW to a predominantly SW/interrupted by TB with increasing Ca. 
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Figure S4. Ca=0.032[image: image35.png]
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Figure S5. Ca=0.033[image: image38.png]
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Figure S6. Ca=0.035[image: image41.png]


. Here a regular synchronized motion with frequency ratio  1 is observed till t* = 170.
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Figure S7. Ca=0.038[image: image44.png]


. Here TB and TT/SW coexist for t* > 40.

Figures S8 to S16 show additional cases of intermittent dynamics.
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Figure S8. [image: image47.png]A =0.65



, Ca = 0.032.  
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Figure S9. [image: image50.png]


, Ca = 0.034.  
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Figure S10. [image: image53.png]


, Ca = 0.032.
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Figure S11.[image: image56.png]


, Ca = 0.028. 
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Figure S12.[image: image59.png]


, Ca = 0.028.
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Figure S13. [image: image62.png]0.55




, Ca = 0.031.  
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Figure S14. [image: image65.png]


, Ca = 0.036.  

[image: image66.png]=50 t*=55 =57 t*=59 =60 t*=63

Se e o il =R

t*=65 t*=67 t*=69 t*=71 t*=75 t*=80





Figure S15. [image: image68.png]


, Ca = 0.03. Similar to Figure 2b in main article, here a TB sequence is interrupted by a swing.
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Figure S16. [image: image71.png]


, Ca = 0.0325. For inclination and phase angle plot, see Figure 2c in main article. For this case, a SW sequence is interrupted by a tumble.

3. Additional cases of synchronized motion.
Synchronized dynamics are characterized by a regular periodic behavior of TB and SW (or TT) and are shown in Figures S17 to S33.
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Figure S17. [image: image74.png]fo/ fs



 = 1. [image: image76.png]


, Ca = 0.078. Top panel shows θ and ϕ. Bottom panel shows cell orientation and the marker point over a time window.
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[image: image78.png]



Figure S18. [image: image80.png]


, Ca = 0.12. [image: image81.png]fo/ fs



 = 2. Top panel shows θ and ϕ. Bottom panel shows cell orientation and the marker point over a time window. The cell axis makes a full 360o rotation while the membrane rotates by 180o.
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Figure S19[image: image85.png]A=1.705



. , Ca = 0.058. [image: image86.png]fo/ fs



 = 2.
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Figure S20. [image: image88.png]fo/ fs



 = 2. [image: image90.png]


, Ca = 0.05.
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Figure S21.  [image: image93.png]fo/ fs



 = 2[image: image96.png]


. , Ca = 0.1. Top panel shows θ and ϕ. Bottom panel shows cell orientation and the marker point over a time window. 
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Figure S22. [image: image99.png]


, Ca = 0.075. [image: image100.png]fo/ fs



 = 3.
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Figure S23. [image: image103.png]


, Ca = 0.122. [image: image104.png]fo/ fs



 = 3.
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Figure S24. [image: image106.png]fo/ fs



 = 3. [image: image108.png]


, Ca = 0.172. 
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Figure S25. [image: image110.png]fo/ fs



 = 3. [image: image112.png]


, Ca = 0.2.
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Figure S26[image: image117.png]315



.  [image: image115.png]fo/ fs



 = 4. , Ca = 0.235.
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Figure S27. [image: image119.png]fo/ fs



 = 4. [image: image121.png]


, Ca = 0.1.
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Figure S28. [image: image123.png]fo/ fs



 = 4. [image: image125.png]


, Ca = 0.045.
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Figure S29. [image: image127.png]fo/ fs



 = 4. [image: image129.png]


, Ca = 0.075.
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Figure S30. [image: image131.png]fo/ fs



 = 6. [image: image133.png]


, Ca = 0.2.
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Figure S31. [image: image135.png]fo/ fs



 = 6. [image: image137.png]


, Ca = 0.25.
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Figure S32. [image: image139.png]fo/ fs



 = 3. λ=2.38, Ca=0.087.
[image: image140.png]1.005 1.005

SA/SA,
N

0.995 0.995




Figure S33. Time evolution of cell surface area (black dash line) and volume (red solid line) for a cell

undergoing swinging dynamics (λ=0.85, Ca=0.04). Surface area and volume changes are on the order of 0.1%.
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Figure S34. Time evolution of cell surface area (black dash line) and volume (red solid line) for a cell

undergoing intermittent dynamics (λ=0.85, Ca=0.033). Surface area and volume changes are on the order of 0.1%.
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Figure S35. Time evolution of cell surface area (black dash line) and volume (red solid line) for a cell with BCSF reference state undergoing intermittent dynamics (λ=4.5, Ca=0.5). Surface area and volume changes are less than 0.5%.

