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Measurement of RBC (red blood cell) deformability using 3D Printed Chip
combined with Smartphone

Suhwan Lee’, Hyeonji Hong~, Eunseop Yeom , Jac Min Song'

Abstract RBC (red blood cell) deformability is one of factors inducing blood shear thinning effect.
Reduction of RBC deformability increases blood viscosity in high shear region. In this study, 3D
printed chip with proper distribution of wall shear rate (WSR) was proposed to measure RBC
deformability of blood samples. To fabricate 3D printed chip, the design of 3D printed chip
determined through numerical simulation was modified based on the resolution of the 3D printer. For
the estimation of pressure drop in the 3D printed chip, two bypass outlets with low and high WSR
are exposed to atmospheric pressure through the needles. By positioning the outlet of needles in the
gravity direction, the formation of droplets at bypass outlets can be captured by smartphone. Through
image processing and fast Fourier transform (FFT) analysis, the frequency of droplet formation was
analyzed. Since the frequency of droplet formation is related with the pressure at bypass, high pressure
drop caused by reduction of RBC deformability can be estimated by monitoring the formation of
blood droplets using the smartphone.
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Fig. 1. Schematic diagram of the experimental setup to monitor droplet
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Fig. 2. Image processing & FFT for detecting droplet frequency
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Fig. 3. Simulation pressure drop with various channel shape.

Folo] AP ES S7HIZTE Al 2de ¥
Aol W7 Al Aol HuiskEs flalf A
Felel A9 7RIk 7bg WA Aok U @
2 Inlet?} Outlet0ﬂ oFAElE 93k A I
to] EAETL J &2 U &l Outlet 52 4
A TREE AHAs %EH Itk s && 1 ol thal
ol gasshs U AL 349 ool )
g = ga 71kl AEo] mm Hi Eol
O.SmmO]U1 do] Zlo]E FEZ o= 0.3 mmo|
31, Inlet¥} Outlet®] 21742 4mm, InletO = <)
& f82 30mLhott

AAAv= 9 33 o] yepen,
9] agEZE A 2l gsiA §A4E Lq_‘j/]_ L]_
s BRI e AClE U 89 3

= 7%}7} Hﬂ}éﬂl <7Fst
Z 1o W
S 20 1 9] A9 A U Fel B X
TR AlA Fejolth. 19 3 o vERd A
%01 U ol Hl3l] F& 1tellA e 34
I A *Pﬁ‘rﬂ AAAR st
ik s A2 T ol A F A
E} 7R o g deb] el 7 A

Sk dejolck AlEdold AT P &
E':‘ Zdeks vERaL 7 e A A
dste] 73 7hs g ok 71e717F ) @3
fol& Hol#| o} g s &3 i
a7t gl dsieik B3k Polyjet A
Age W w4 Al FE wEe A
k= Zlo] Bt v 1 AgeE Hol A
1 9 21 & dAsIelh

>~rw

-

au

—H

NOF
1~—|—'

Oft
o
i S
ol

I lo fly
rulru

o o ne fo rft to 2 e AL o po

o O

AgS ad1e] 95 shdel veRd A3 2
°] 10-150 s'HT MHPES UYEES A
o Hx Z 05mm, A Z—M Zio|
Polyjet *J212] 213 OH IeE
ATt WHT AlEHo] S EE iﬂ%—i
7o) AR mpg ]Eo 30mm, H FBmm=
AAsiglon 9o 95 A vehd A"
Bypass= HPB, LPB + 3o $]X|gt}l. Bypass

Tz WHEEe Polyjet v}zl 9] OJE'SJ Al A
s arHste] 0.6 mmo A
ol HPB+= Ag3 7Hart ’\]@Qt X]@"ﬂ, LPB
+ HPB9} gk el wjxslr] flsf A F
A2 F7re] Z3} Bypass W7do] UA[EH= 0.6mm
Q1 el ijX=Ack HPBE LPBolA|e] et
WEE °F 10 s'7 90 s o]t

3.2 Bypass Htg M™A

A= FUE g O‘HL Bypass& &3l =
UeA HH, ZHvess o] dF NiEE
ZufEXE O 7zt ]“H BypassE 3 =
o= ol st g Ad lFe] o=

Anj

@ AewEs s 9 5 o w9

Ul ¢ WsE A|Eeo)de Bl Felsint
1%l 4% BypassE T8 =0 Al %

S 49 % 30G (0.15 mm), 23G (0.33 mm),

21G (051 mm)®] A4 f ¥ 2 Ajolrk

v o



2ntE E 7k

= 1200 Blocked

&

w

a 800

S

£ 40 26 _
0 =

Normalized position

Fig. 4. Pressure normalized position for needle gauge
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