
Proceedings of the 6th World Congress on Momentum, Heat and Mass Transfer (MHMT'21) 

Lisbon, Portugal Virtual Conference – June 17 – 19, 2021 

Paper No. ICMFHT 305  

DOI: 10.11159/icmfht21.lx.305 

 

ICMFHT 305-1 

Red Blood Cells Mimics Production in a Flow Focus Device with 
Rectangular Cross Section 

 

A. I. Moreira 1, J. Carneiro1, J. B. L. M. Campos1, J. M. Miranda1 
1CEFT, Transport Phenomena Research Center, Chemical Engineering Department 

Faculty of Engineering, University of Porto, Rua Roberto Frias s/n, 4050-465 Porto, Portugal  

aidm@fe.up.pt, jcarneiro@fe.up.pt; jmc@fe.up.pt; jmiranda@fe.up.pt 

 

 
Abstract –The conditions to produce hydrogel Red Blood Cells (RBC) mimics were studied by experimental methods. Hydrogel 

microparticles were produced in a microfluidic device. Several operating conditions (the continuous and dispersed phase flow rates) were 

studied and optimize to produce particles with sizes and mechanical properties similar to the ones of RBCs. Particles with approximately 

50 m can be produced with this technique in a channel if 100x50 m2. To produce microparticles with a size similar to RBCs, a channel 

with lower dimensions is required. 
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1. Introduction 
Sometimes the experiments to test medical devices and drug delivery system need living cells and tissues. The use of 

these biological materials has high costs and present ethical concerns. However, not all the tests require living systems, 

sometimes it is possible to use fluids that can mimic the rheological and mechanical behavior of the biological fluids. Among 

all the biological fluids, blood is one of the fluids that presents a great interest to be mimicked. 

Blood is a suspension composed by red blood cells (RBCs), white cells, platelets and plasma. RBCs are the cells present 

in greater quantity in blood, they present a biconcave disk shape, a diameter of ~8 µm and a thickness of ~2 µm [1]. There 

is the possibility to obtain microparticles with the same properties that the RBCs. 

Hydrogels are a class of materials that can be used to mimic the RBCs. They present good surface properties and are 

biocompatible [2]. These characteristics make them attractive for drug delivery, cell encapsulation, tissue engineering and 

other biomedical applications [2]. Hydrogels are obtained by crosslinking from monomers in aqueous solutions, which can 

be induced by different changes in conditions, such as changes in temperature, pH or addition of an initiator. 

Droplet microfluidics present several advantages to produce hydrogel microparticles, such as the lower reactant 

consumption and the ability to control the size and shape of the microparticles. With this technique, it is possible to obtain 

highly monodisperse microparticles [3]. 

Gelatin is a natural hydrogel suitable for medical and pharmaceutical applications due to its biocompatibility, 

biodegradability, non-toxicity and easy removal in physiological environmental [4].  Gelatin is thermoreversible and 

becomes a gel when the temperature decreases bellow 25 ℃ (for a solution of 1% (w/v)) [4].  

The aim of this work is the production of gelatin microdroplets that can mimic the RBCs using droplet microfluidics. 

Experiments are conducted to optimize the conditions to produce these microparticles in a flow focusing device in which the 

main channel has a rectangular cross section. 

 

2. Methods 
2.1. Device Fabrication 

The microchannels were fabricated in PDMS by soft lithography using a SU-8 molds, following our previous work [5]. 

The microchannel used has two inlets, one for the continuous phase and another for the dispersed phase, and one outlet. The 

microchannel used has a rectangular section with a width of 100 µm and a height of 50 µm – Figure 1. 
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Figure 1 Scheme of the microchannel used to produce de gelatin microdroplets: a) full view of the microchannel; b) scheme of the 

intersection of the two phases in the microchannel; c) 3D view of the microchannel section W=100 µm and H=50 µm. 

 
2.2. Fluid Properties 

Gelatin from porcine skin was used as the dispersed phase, light mineral oil was used as the continuous phase and Span 

80 was used as surfactant. All the materials were from Sigma Aldrich. The fluid properties are presented in Table 1. 

Table 1 Fluid properties. 

Fluid Viscosity (Pa.s) Density (kg/m3) Interfacial tension (N/m) 

5 wt% gelatin in distilled water 0.0050 1008.9 
0.0038 

Mineral oil + 3 wt% Span 80 0.0151 854.1 

 
2.3. Flow Visualization and Characterization 

A high-speed camera (FASTCAM mini UX100, Photron) mounted on an inverted epifluorescence microscope (DMI 

5000M, Leica Microsystems Gmbh) was used to capture the microdroplet formation images. A syringe pump connected to 

the computer was used to inject the continuous and dispersed phases in the microchannel with controlled flow rates. The 

diameters of the microdroplets were measured using the high-speed camera software, Photron FASTCAM Viewer 4.  

 

3. Results 

 
 

Figure 2 Regimes found for the viscosity ratio of 0.33: a) 

dripping (Qd=1µL/min; Qc=11µL/min); b) tip muti-breaking 

(Qd=7µL/min; Qc=21µL/min); c) jetting (Qd=9µL/min; 

Qc=10µL/min. (width of the channel = 100 µm). 

Figure 3 D/W vs αc.Cac: comparison between the data of 

this work and Cubaud and Mason [3] work. 
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Several flow rates of the continuous and dispersed phase were tested in the microchannel for a viscosity ratio (µd/µc) 

of 0.33. Dripping, jetting, tubing, and a regime similar to tip multi-breaking [6] were found - Figure 2. The variation of the 

microdroplets size was studied for the dripping and jetting regime. The smallest droplet was found for dripping (49.82 µm – 

Qd=3µL/min; Qc=16 µL/min). For the jetting the smallest droplet found was 120.35 µm (Qd= 7µL/min; Qc=11 µL/min). 

We compared our dripping results with Cubaud and Mason [3] results. We concluded that there is a large deviation 

from the Cubaud and Mason [3] results –  Figure 3. This large deviation between the values shows that the model of prediction 

created by this author, does not apply to fluids with a low viscosity ratio. Cubaud and Mason [3] used fluids with viscosity 

ratio of 264 to obtain these results, while this work focus on a viscosity ratio of 0.33. 
 

4. Conclusion 
A microchannel with 100x50 µm was used to produce gelatin microdroplets. Four regimes were identified – dripping, 

jetting, tip multi-breaking and tubing. The results obtained for dripping  were compared with the results of Cubaud and 

Mason [3]. A very marked difference was found between the results, which demonstrates that the viscosity ratio of fluids 

has on droplet formation. A more in-depth study for fluids with a low viscosity ratio should be carried out, as the existing 

studies are for high viscosity ratios or channels quite different from the one used. 
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