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1. Tube connection of 3D printed microfluidic system

Fig. S1 (a) Scheme of the tube connection for each exit channel with specific dimensions. (b) Images 
of 3D printed devices with tube connection using epoxy glue bonding at both a single inlet and 25 exit 
channels, and (c, d) enlarged images of the inlet part. 

2. Schematic diagram of experimental system set up 

Scheme S1 Scheme of an experiment set for a single inlet distributed into 25 vials through a flow 
distributor.



3. Computational configurations of optimization procedure and average velocity distribution

Fig. S2 Numerical simulation of flow distribution at 25 exit channels as a function of various 
parameters. (a, b) Entrance angle: ○ ; ◇ ; □ ; and ▽ , (c, d) baffle thickness: ○ 0.5 0° 30° 45° 60°

mm; ◇ 1.0 mm; and □ 2.0 mm, and (e, f) different configurations of fluidic damper by positioning 
baffle structure at spatial ratio of the upper : baffle thickness : the bottom; ○ 1:1:1 mm (case 1) in 
3 mm fluidic damper; ◇ 2:1:1 mm (case 2); and □ 1:1:2 mm (case 3) in 4 mm fluidic damper. 



Table S1 Maldistribution factors (MF) and pressure drops as a function of various parameters, (a) 
entrance angle, (b) baffle thickness, and (c) different configurations of the fluidic damper

Table S2 Maldistribution factors (MF) and pressure drops as a function of baffle designs



4. Flow phenomenon depends on the position of the baffle

Fig. S3 Magnified cross-sectional contours of a y-directional velocity field: (a) The flow distributor 
equipped with a baffle located at 1/4 point of the fluidic damper; (b) the flow distributor equipped with 
a baffle located at the half of the fluidic damper; (c) the flow distributor equipped with a baffle located 
at 3/4 point of the fluidic damper; (d) the flow distributor of case 1; (e) the flow distributor of case 2; 
and (f) the flow distributor of case 3.



5. Detailed specification of flow distributors

Fig. S4 CAD drawings with specific dimensions of different flow distributors: (a) distributor 1 has no 
fluidic damper, (b) distributor 2 has no baffle in the fluidic damper, and (c) distributor 3 is the optimized 
flow distributor.



6. Flow equalization effect by the baffle

Fig. S5 (a) Full image and half-cut cross-sectional images of CAD design of the optimized baffle and 
the cross-sectional view of the flow distributor (red arrow: cutting line showing the position of the baffle 
seen in the cross-section of the flow distributor, blue arrow: cutting line showing the position of each 
cross-sectional view from (b) to (e)). (b) Contours of a y-directional velocity field and (c) pressure field 
of the optimized fluidic damper with 25 exit channels at the end of the baffle; and (d) contours of a y-
directional velocity field and (e) pressure field of the fluidic damper with 625 exit channels at the end 
of the baffle.



7. Simulated performance of the optimized flow distributor at reduced flow rates

Fig. S6 Average velocity distribution of 25 exit channels under different flow rates: ■, original 60 
mL/min; ●, 6 mL/min as 1/10 of 60 mL/min; ▲, 3 mL/min as 1/20 of 60 mL/min; and ▼, 1.2 mL/min 
as 1/50 of 60 mL/min.



8. The effect of the length of exit channels

Fig. S7 (a) Contours of a y-directional velocity field of the optimized flow distributor according to the 
length of exit channels. (b) Average velocity distribution of 25 exit channels under different exit channel 
lengths: ○ the optimized flow distributor with exit channels of 25 mm; ◇ the optimized flow 
distributor with exit channels of 50 mm; □ the optimized flow distributor with exit channels of 100 
mm, and △ the optimized flow distributor with exit channels of 200 mm.



Table S3 Maldistribution factors (MF) and pressure drops according to the length of exit channels



9. Detailed information of 3D-printed flow distributors

Fig. S8 (a) Baffles in CAD model, photo-mask, and 3D-printed image. Optical microscopic images 
from the cross-section of (b) 25 exit channels part, and (c) detailed 9 exit channels and (d) 4 exit 
channels. 



Table S4 Uniformity of 3D printed 25 exit channels with 1 mm diameter, measured by 3D confocal 
scanning microscopy and the images (arrow: length of radius)



Fig. S9 Field emission scanning electron microscope (FE-SEM) images of the inner surface in the 3D-
printed flow distributor.



10. Comparison between the experimental and the numerical results.

Fig. S10 Average velocity distribution of 25 exit channels in the case of (a) distributor 1 and (b) 
distributor 2: ●, Experiment and ■, numerical study. 

Table S5 Summary of simulated MFs and pressure drops for three types of distributors and their 
experimental results.



11. Performance evaluation of the optimized flow distributor. 

Table S6 Comparative efficiency of the fabricated flow distributor with the reported works. 

N: numerical study; E: experimental study; MF: maldistribution factor defined in Eq. (2); Re: Reynolds number
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Ref. Study type Number of 
channels Application Flow distribution uniformity

Present 
work N, E 25, 625 Stacked microreactor

MF: 
(N) 2.5 %, (E) 2.2 % in 25 exit channels
at inlet velocity = 0.497 m/s, Re = 891
(N) 1.2 % in 625 exit channels
at inlet velocity = 0.332 m/s, Re = 1,485

1 N 10 Parallel 
microchannels

MF:
(a) 23.3 % (b) 24.3 %
at inlet velocity = 0.125 m/s, Re = 125
(c) 38.7 % (d) 39.5 %
at inlet velocity = 1.25 m/s, Re = 1,250

2 N, E 90 Parallel mini-channels
MF:
(a) 13.8 % at Re = 100
(b) 17.2 % at Re = 1,000

3 N 225 Parallel stacked 
microreactor

MF:
(a) 2.6 %, (b) 2.8 %, (c) 3.5 %, (d) 7.2 %, 
(e) 10.9 %, (f) 18.4 %, (g) 27.5 %, (h) 42.7 
% and so on
at inlet velocity = 0.127 m/s

4 N, E 21 Heat exchanger

MF: 
(a) N = 112.4 %, E = 121.0 %
(b) N = 37.1 %, E = 30.7 %
(c) N = 12.6 %, E = 20.9 %
at Re = 60,000 



12. Flow distribution performance of a bifurcation flow distributor. 

Fig. S11 Flow distribution performance of a 24 bifurcations flow distributor. (a) CAD design of the 
bifurcation flow distributor and the fabricated device. (b) Effect of the flow rate at 0.3, 0.6, 0.9, 1.2, 2 
and 3 mL/min on the performance of the bifurcation flow distributor. 


