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ABSTRACT 

A microfluidic chip is a small device which deals with a very small amount of fluid. It has 

microscale channels. It has been used in different fields of science like engineering, physics, 

biochemistry, etc. A droplet generator is a microfluidic device which is capable of generating 

small droplets which is used in different applications like drug delivery, cell trapping and gene 

analysis. Temperature control is an essential part of droplet generation, and it affects the 

generation of droplets. This project proposes a microfluidic chip design (HC BAR Chip) with 

a uniform distribution of temperature with no embedded heating equipment. The chip is 

capable of creating heating and cooling zones unaffected by each other with a flow-focussing 

droplet generation method. CAD software like Solidworks is used to design and COMSOL 

Multiphysics® software for the analysis.  
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I. INTRODUCTION 

Microfluidics is the field of science in which a small amount of fluid on a microscale is 

precisely controlled and manipulated. Fields like engineering, physics, chemistry, 

biochemistry, nanotechnology and biotechnology joined together to develop the microfluidic 

system which processes low volume to achieve multiplexing, automation and high throughput 

screening[1]. 

The precise handling of the low volume is done by using microstructured devices which are 

typically on the order of tens and hundreds of micrometres [2]. The major advantages of these 

devices include small footprints, low volume of sample and reagent requirements, short 

analysis times, and control over the process being performed. This facilitated miniaturization 

of the single or multiple lab-based processes and gave rise to the concept of ‘Lab on Chip’ 

which revolutionized the way of performing research and enhanced the quality of information 

obtained[3]. Microfluidic devices can also be found with different names such as 

microreactors, organ on chip and lab on chip in different published literature which suggest the 

application of the chip[4][5][6].  

1.1 Fabrication of microfluidic chip 

The fabrication method and the material of these devices depend on the application and the 

complexity of the design. These devices can be fabricated with a wide range of materials and 

there are many methods to fabricate them [7]. A typical method is forming channels on the 

surface of a solid substrate and then bonding it to another plate to seal the channels. 

Historically, silicon and glass were used via photolithography and wet etching methods[8]. 

Nowadays, polymer and elastomer chips are quite common due to their ease of use and rapid 

prototyping with the advent of 3D printing technology which is an effective method for 
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complex designs of microchannels [9]. Paper microfluidic devices are also developed and are 

in frequent use[10]. 

1.2 Various applications of Microfluidic chips 

There are various applications of these devices apart from microreactors, organs and lab on 

chip can be in organic synthesis[11], radiopharmaceutical synthesis[12], environment[13] and 

food analysis[14], in forensic science[15], clinical diagnostic with immunoassays[16] and 

DNA analysis[17], point of care diagnostics[18], study of cell biology by trapping them in form 

of droplets or while still flowing[19][20]. It is a more accurate imitation of the living body 

compared to other methods of testing like flask-based culture method[3]. Drug delivery and 

discovery are widely exploring the usage of microfluidic chips [21]. 

1.3 Types of Microfluidic chip 

Various types of microfluidic chips are being designed and used some of them are microfluidic 

hydrogel chip [22], 3D culture integrated microfluidic chip [23], microfluidic chip for the 

single cell analysis [24], microfluidic chip with detection instruments [25], microfluidic model 

organism [26], organ on a chip[5], and droplet microfluidic chip[20]. Figure 1 is a schematic 

diagram of the different types of microfluidic chips [39].  

 
Figure 1: Types of the Microfluidic chip as per the design and application.  

Reproduced with permission from Springer Nature 
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II. PROJECT OBJECTIVES AND OUTLINE 

This thesis aims to design and develop a droplet-based microfluidic chip with both a Hot Zone 

and a Cold Zone which are unaffected by each other and have a uniform distribution of 

temperature along the target volume of the volume of interest without any localised heating 

effect or embedded system of heating. 

The chip required below features: 

1. The microfluidic chip must have provision to generate droplets. 

2. A uniform temperature distribution is required both in the Heating Zone and Cooling 

Zone for the target volume.  

3. The heating is required for the dispersed phase only in the Heating Zone and the cooling 

needs to be done after the droplet generation.  

4. The design of the chip needs to have a proper inlet and outlet for the heating and cooling 

agent. 

5. The Heating zone should have minimal effect on the Cooling zone in terms of 

temperature for which a design with the fins is proposed.  

6. The design should be 3D printable at the University of Victoria.    
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III. DROPLET-BASED MICROFLUIDIC CHIP (DBM) 

The main use of a droplet-based microfluidics (DBM) system is to take advantage of the unique 

volume of fluids that are naturally immiscible [27]. This technique allows the formation of 

thousands of droplets per second which are uniformly arranged and can be used for increasing 

the rate of analysis [28][29]. This technique is also being used to trap the individual cell with 

high throughput[28][30]. This technique can be used to observe and analyse cosmetics[31], 

diagnostic tests[32], air-filled fat particles [33] and controlled drug delivery[34]. A Schematic 

diagram for the typical droplet generator design is shown in Figure 2 [35]. A droplet generator 

requires two phases to create the droplets. These two phases are the continuous phase and the 

dispersed phase. The continuous phase is generally an oil and the dispersed phase is typically 

water. 

 
Figure 2: A typical microfluidic droplet generator with different flow techniques. 

Reproduced with permission from Springer Nature 

In the treatment of colorectal cancer for the therapy, a drug delivery platform which was ph. 

sensitive is used[36].   
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3.1 Formation of the Droplets 

In every chemical or biological experiment, precise control over the droplet formation process 

is a critical component. Controlling droplet volume, generation frequency, interface stability, 

and solute retention are particularly important. The droplet formation technique incorporates 

two necessary phases of fluid which are the continuous and dispersed phases. The droplet can 

be generated by the active or passive flow method. 

The active flow method involves some external energy such as electric, magnetic or centrifugal 

energy[27][28][30]. Although active methods offer a higher level of control over the process, 

they usually require complex control equipment and create droplets at low generation 

frequencies[37]. The passive flow on the other hand does not depend on external energy. 

Typical designs of passive flow include cross-flowing designs (T junction), flow focusing and 

co-flowing methods which simplify the device. Figure 2 depicts the fundamental differences 

in them [38][39][40]. 

 Crossflowing (T-Junction): In this approach, the dispersed (water) phase is connected to 

the continuous flow at 90 degrees which forms a T junction. 

 Flow focusing: In this approach, the dispersed phase (water) flows in the middle channel 

and is enveloped by the two continuous (oil) streams coming from either side.  

 Co-flowing: It consists of three-dimensional flow-focussing geometry. It is a small 

capillary inside another capillary. The inner capillary has water and the outer capillary has 

oil. The co-flowing approach uses lithography to be fabricated. 

Microfluidic droplets are most commonly created utilising flow-focusing and T-junction 

geometries. They are simple and can be used to produce different droplet sizes with uniform 

size distribution. These geometries are easy to fabricate and have a high droplet generation 

rate. Cross-flowing techniques are not favourable when the droplet needs to be smaller than 

the downstream channel[41].  
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IV. TEMPERATURE CONTROL IN MICROFLUIDIC SYSTEM. 

The microfluidic chip requires multiple integrated functions in a small compact chip which is 

portable and can deliver rapid data output. The regulation of temperature in microfluidic 

systems plays a critical role in managing physical, chemical and biological applications and 

reactions. The temperature control in microfluidic chips has many advantages like a small 

amount of energy requirement, a simple system to control the temperature and short control 

time which is due to small volumes and large surface-to-volume ratio[42]. The change in the 

temperature in some experiments is not suitable and can affect the results of the experiment. 

Hence, different heating and cooling systems are developed to achieve precise temperature and 

control it. The typical method of heating includes the Peltier method, Joule Heating, 

microwaves, endothermal chemical reactions and integrated wires and lasers. These methods 

are used together with several sensors embedded in the microfluidic chip for continuous 

monitoring one such example of a sensor system is the use of thermocouples and 

Thermistors[43]. 

4.1 Importance of Temperature control 

Temperature control or regulation generally refers to maintaining the temperature between a 

range of temperatures (all the readings between minimum and maximum allowed value). It is 

of high importance to heat or cool the target volume when the temperature is unwantedly 

increasing or decreasing from the required value between the range or when the sample needs 

to heat up or cool down, also control over the temperature gradient is crucial for some reaction 

and for the performance of the microfluidic device [43]. Many reactions such as Polymerase 

chain reaction (PCR), gene analysis, temperature gradient focusing of electrophoresis (TGF), 

digital microfluidics, and protein crystallization are highly sensitive towards temperature 

change [42]. Other examples which need temperature control are Recombinase polymerase 

amplification (RPA), phenotypic bacterial classifications and antibiotic susceptibility tests, 
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denaturation of proteins, nucleic acids amplification, microreactor, biochemical synthesis, cell 

culture and imaging, bubble generation, particle trapping,  sweat analysis and atmospheric ice 

nucleating particle analysis [43]. 

4.2 Effect of Temperature on Droplet Generation in DBM 

Droplet size control is very crucial for microfluidic applications in biology, chemistry, and 

medicine. Many factors, including the composition of the fluids, the surfactants, the flow rate 

ratio, the viscosity ratio, microchannel shape, and other dimensionless quantities, influence the 

droplet's size. It has been observed that the droplet size decreases if the continuous to dispersed 

phase (oil to water) flow rate ratio increases and vice versa[44]. The formation of droplets in 

passive method microchannels relies on the shearing and extrusion mechanism of the fluid and 

is contingent upon the operational circumstances. Keeping continuous phase flow rate and 

viscosity constant, the droplet size increases with the increase of dispersed phase flow rate but 

the formation rate of the droplet decreases. The droplet size decreases and the formation period 

(spacing of droplets) increases with the increase of the viscosity of the dispersed phase[45]. 

So, when the dispersed phase is heated, the viscosity of the dispersed phases is reduced which 

results in an increased formation rate but the size of the droplet decreases. Hence, the droplet 

size and droplet generation rate can be controlled by regulating and maintaining a uniform 

temperature of the dispersed phase.   



8 
 

 
 

V. LITERATURE REVIEW: EXISTING DESIGN AND ANALYSIS 

The temperature gradient is generated due to localised 2-dimensional heating methods and 

layer-by-layer fabrication of 3-dimensional microfluidic chip. This results in uneven heating 

of the target volume[46]. Advanced 3D printing methods have facilitated to production of 

complex designs which can support 3 3-dimensional heating around the target volume.  

Derek et. al. suggested three different geometries to support the 3-dimensional heating of the 

target volume. The geometries were identified by maintaining the heating channel's orientation 

distinct and keeping the target volume at the centre of the heating channel. The target volume 

in one of the geometries was placed at the centre of three concentric heating channels and the 

centre of the helical heating channel in another one. Using COMSOL Multiphysics® software, 

it was determined that a helical channel is more efficient in maintaining uniformity of 

temperature along the target volume than concentric parallel channels[47].  

Troy et. al. explores and analyse three new 3D heating geometries keeping the target volume 

at the centre of the heating channels and eliminating the weakness of the heater geometries 

created by the traditional means. These designs were more isothermal over a long spatial range. 

All the models were designed in 10 mm × 5 mm × 5 mm solid space and COMSOL 

Multiphysics® software was used for finite element analysis. Serpentine, helical and box 

heating channels were designed and in order to make uniform temperature distribution these 

designs were modified to 3D serpentine, tapered helical and diamond designs as shown in 

Figure 3.  

The tapered helix has one of the smallest temperature differences along the volume of interest 

and it was also able to avoid any temperature bump and has one of the longest lengths of 

isothermal temperature. It was also considered as median in terms of the temperature difference 

along the isothermal length.  
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Figure 3: Different designs analyzed by Troy et. al. 

“Used with permission of Royal Society of Chemistry, from 3D Printing-Enabled Uniform Temperature Distributions in Microfluidic Devices, 
Troy et. al., 22,2022; permission conveyed through Copyright Clearance Center, Inc.” 

 

 
Figure 4: Temperature map plots of (a and c) the spiral and (b and d) the tapered helix. 

“Used with permission of Royal Society of Chemistry, from 3D Printing-Enabled Uniform Temperature Distributions in Microfluidic Devices, 
Troy et. al., 22,2022; permission conveyed through Copyright Clearance Center, Inc.” 
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The internal temperature distribution of helical and tapered helical design as top view in Figure 

4 a & b respective and side view Figure 4 c & d respectively is shown. The helical heater chips 

exhibit a low degree of spatial temperature homogeneity as evidenced by the target volume that 

changes colour over time. There are fewer colour variations in the target volume of the tapered 

helix, indicating better spatial temperature uniformity [48]. 
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VI. METHODOLOGY 

To design a chip with both heating and cooling zones which can maintain the isothermal 

temperature at the target volume first literature review was done on different Droplet-based 

microfluidic chip designs and temperature control microfluidic chip designs to understand the 

droplet generators and traditional methods of heating and temperature control in microfluidic 

system.  

The modeling of chip design was done in computer-aided design (CAD) software 

SOLIDWORKS keeping the specification and printing volume of 115mm x 65mm x 165mm 

(4.52″x2.56″x6.1″) into consideration of the 3D printer Anycubic Photon S.  

The resulting design was converted to the step file and was analysed in COMSOL 

Multiphysics® software for finite element analysis. COMSOL and MATLAB® 

plotting features was used to plot the temperature distribution for the result. 

The results can be validated by printing the chip and measuring the temperature distribution 

with the help of an infrared camera (IR camera).  

6.1 Selection of Droplet generation method 

It was conceived that the passive method of droplet generation neither makes the design 

complex nor requires many types of equipment. In the passive droplet generation method Flow 

focussing and T junction were easy to fabricate and had a high droplet generation rate. The 

droplet size can be controlled by maintaining the flow rate of the dispersed phase constant and 

maintaining the required viscosity by heating the dispersed phase channel (Section 3.1 and 

Section 4.2). Initially, HC-BAR Chip modelling was done by considering the T-junction 

droplet generator and initially by heating both the continuous and dispersed phases as shown 

in Figure 5. Flow-focussing droplet generator was selected as the desirable droplet generator 

method after further modelling and change in design to achieve the desired result after 

simulations.  
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Figure 5: Top view of the initial design of HC-BAR Chip with dimensions with T-Junction droplet generation method and 

tapered helical heating and cooling channels.  
 

6.2 Selection of Heating channel design 

Regarding the design for the isothermal temperature, in addition to having the longest duration 

of isothermal temperature and the smallest temperature differential throughout the volume of 

interest, the tapered helix was also able to eliminate any temperature bumps. It was also 

regarded as the median for the temperature variation along the isothermal length (Section 5). 

Therefore, the tapered helical design of the heating and cooling channel was preferred for this 

project. Other designs can also be selected based on the application and desired results. 
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VII. DESIGN FOR HC-BAR CHIP 

The HC-BAR Chip stands for Hot and Cold Bhatt-Akbari-Razzaghi Chip. The Chip has a 

heating and cooling zone separated by serpentine space for the target volume which acts as a 

fin and keeps the heating and cooling zones unaffected by each other as shown in Figure 6. In 

other words, to separate the heating zone from cooling zone.  

 
Figure 6: HC-BAR Chip A) Isometric View  B) Isometric side view C) Top view. 

The Fins in the Chip were made in serpentine manner to dissipate the heat and in order to 

increase the length of the conduction area design as shown in Figure 6. The other reason to 

adapt the serpentine design was to make the chip printable at University of Victoria and keeping 

printability of Anycubic Photon S printer available in the Lab. It also has a provision to produce 

droplet and inlet for the continuous phase. 
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All the channels were kept as of 600 μm in diameter which is easily 3D printable by Anycubic 

Photon S 3D printer and the Chip is 106mm in length and 20mm in height and width. The 

volume of interest or the target volume is kept running through the central axis of the chip. 

Heating and cooling channels were modelled in tapered helical design around the target volume 

for the uniform distribution of temperature. Connectors were added to the modelling in order 

to connect Tygon tubes for a functional model. The connectors add a height of 6.5 mm to the 

Chip and are tapered from 1.7mm to 2mm wide. At first the target volume was taken as 300 

microns but due to printability constraint it was increased to 600micron. The heating and 

cooling channel were also kept as 600 microns as it is the least printable channel dimension by 

printer. A rough calculation was done on understand the smallest helical di and largest effective 

helical dia which came to be 3mm and 6mm from the target volume.  

Table 1: Design Parameters  of the HC BAR Chip 

Parameters Dimension 

Microfluidic Chip dimension (L x B x H) 106mm x 20mm x 15mm 

Height of Tygon Tube connectors 6.5mm 

Heating and Cooling Helical Channel Dia 600 microns 

Target Volume Cross section 600-micron dia (circular) 

Angle of Helical channel elevation till centre 5 degree 

Smallest Dia of Helical Channel (At ends) 3mm 

Largest Dia of the Helical Channel (Middle) 6mm 

Pitch of the Helix 1.4mm 

Number of helical revolutions per helix 24 

 

The helical angle is kept at 5 degree according to length of helix and keeping 3mm as dia at 

the edge of the helix and 6mm at the centre of the helix. This angle was at 30 degree when the 
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chip length and helix length were small. All the features of the chip are tried to keep  1mm for 

the easy printability Hence the pitch of the helix was maintained at 1.4mm. The gap between 

the chip's serpentine path is 1mm and is considered to be filled with air therefore it is used as 

a boundary condition of natural convection during the analysis by keeping the flow rate of air 

at 0mm/s. The material of the chip was considered as PDMS from the database of the software 

as it closely represents the material properties and has the closest thermal conductivity of the 

resin used in the printer which is 0.16 W m −1 K−1.   

The heating and the cooling liquid were considered as water for the simulation and the target 

volume was also considered as water for the ease of simulation with a fluid flow rate of 2mm/s 

in every channel and the properties of the water were used from the built-in database of the 

software. No other properties were changed from the default settings. The temperature of the 

water in the heating and cooling channels was considered as 70°C (343.15 K) and 1°C (274.15 

K) respectively. A mesh size was considered as of ‘Fine’ element as per the software was 

applied to the geometry. 

The design and simulation parameters can be changed and actual values for the thermal 

conductivity of the resin can be used which can be calculated after practical analysis, the chip 

and values for convection heat transfer coefficient for the different liquid inside target volume, 

heating channels and cooling channels can be added to the simulation software as required by 

the user.  
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VIII. ANALYSIS WITH COMSOL 

COMSOL Multiphysics® software was used to analyse the design and for the simulation. The 

Microfluidic module of the COMSOL Multiphysics® software facilitates easy operation and 

study of microfluidic systems. It can be simulated for the creeping, laminar, porous media, 

multiphase, and slip flow, and it can solve stationary and time-dependent flows in 2D and 3D. 

It also has the feature of combining another module which can be used to study the structure 

interaction and thermal flow [49]. 

8.1 Simulation Parameters and Boundary Conditions  

For this design, time-independent and stationary as the study step was selected. COMSOL’s 

study module ‘Laminar flow’ was selected as the flow in the channel is very slow and the 

diameter of the channel is in microns this results in a very low Reynold’s number. For the study 

of heat distribution ‘Heat transfer in solid and fluid’ module is selected together with the ‘Non-

isothermal’ Multiphysics study module to do the study for the temperature distribution along 

the target volume. For the Laminar Flow study inlet velocity is considered as 2mm/s and the 

gap is considered as open boundary. For the Heat Transfer study, the temperature for the target 

volume is considered 293.15 K (20°C), for the heating channel, is 343.15 K (70°C) and for the 

cooling channels it is kept as 273.15 K (1°C). The material of the HC-BAR Chip is considered 

to have PDMS with 0.16 W m−1K−1 thermal conductivity which resembles the property of the 

Anycubic Acrylic resin in terms of thermal properties and water is selected from the in-built 

database as the liquid for the target and heating and cooling channels. 

8.2 Simulation results  

It is observed that the design of the HC BAR Chip is capable of creating two different zones 

without affecting each other as shown in Figures 7 A & B. It can be observed that the serpentine 

path is light yellow at the start and becomes white before entering the cooling zone. It is also 

observed that the light blue colour appears before the target volume enters the cooling zone 
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from which we conclude that the cooling zone is unaffected by the temperature of the heating 

zone and the efficiency of both zones is not compromised due to each other.  

 

 
Figure 7: Simulation result for the HC-BAR Chip from A. Top view B. Isometric View 

In order to get the thermal distribution target volume is extracted out of the design after 

simulation which is shown in Figure 8 ‘A’ which depicts the temperature distribution along the 

target volume which is the result of the effect of Heating and cooling channels. A graph is 

plotted along the target volume centre line with the help of COMSOL and MATLAB® plotting 

features. The temperature distribution along the centre line along the target volume is almost 

uniform and is maintained within a difference of 1°C (2K) in both the heating and cooling Zone 

as shown in Figure 8 ‘B’.   
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Figure 8: Simulation result for the Temperature distribution along the target volume A. Top view of the Target Volume  

B. Line Graph for Temperature Distribution through the centre line along the Target Volume. 
 

As per the Graph shown in Figure 8 ‘B’ it can be seen that as the fluid reaches the heating zone 

there is a sudden rise of the temperature due to the heating zone which is maintained till the 

heating zone until the continuous phase channel connects to the dispersed phase. There is a 

sudden drop in temperature due to the introduction continuous phase which reduces the 

temperature by 8 to 10 degrees or kelvin. This temperature is further reduced to  7 to 8 degrees 

or kelvin when the target volume enters the cooling zone and then the temperature is maintained 

until the target volume leaves the cooling zone. It is proposed that the temperature can be 

further reduced with the use of other coolant than water.  
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IX. Sensitivity analysis 

Figure 5 show the initial design of the HC-BAR chip which after further research and 

sensitivity analysis is modified to its final design as shown in Figure 6.  

The sensitivity analysis was done on below mention parameter to analyse the effect on 

temperature distribution: 

9.1 Parallel vs Tapered helix   

Simulation result for the temperature distribution in Chip with parallel and tapered helical 

heating and cooling channels in Figure 9 and as graph in Figure 10 are presented. As per the 

result it can be concluded that the uniformity of the temperature distribution is better in tapered 

helix as compare to the parallel helix. 

 

Figure 9: Temperature distribution in Tapered and Parallel helical channel HC-BAR Chip 
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Figure 10: Graph showing the temperature distribution for the HC-BAR Chip with Tapered and parallel helical channels. 

In parallel helical channel chip, the temperature gradient can be seen rises from 28 °C to 38 °C 

from the beginning of the channel to 25mm, after that there is some uniformity until continuous 

phase is added. In tapered helical channel chip, the uniformity of the temperature distribution 

is maintained from almost beginning to the point where continuous phase is added to the form 

droplets and it is same for the cooling channels as well.   

9.2 Effect of Length helical channel  

Result for the different length of the microfluidic channel has been shown in Figure 11 and in 

graphical representation in Figure 12. It can be observed that the 100mm Chip is able to raise 

the temperature higher than 60mm temperature.  

It can be observed that the 100mm microfluidic chip is able to raise the temperature by approx. 

20°C on the other hand 60mm microfluidic chip was able to the raise only 5.4°C which 
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comparatively very less. It can also be noted that this chip was designed considering the 

printability of ‘Anycubic Photon S’ which can print as long as 115mm chip.   

 

Figure 11: Simulation result for the 100mm long and 60mm long HC-BAR chip 

 
Figure 12 Graph for the simulation result for the 100mm long and 60mm long HC-BAR chip. 
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It can be noted that the max average temperature 25.25°C and min average temperature is 20°C 

for 60mm Chip and max average temperature 41°C and min average temperature is 23°C for 

60mm Chip. Hence, we can say that efficiency of the 100mm chip is better in terms of raising 

and lowering the temperature.  

9.3 Effect of Angle of the helix 

It can be observed from the graph shown in Figure 13 which depicts uniformity of temperature 

and control of temperature by 5 degree and 10-degree tapered angle of HC-BAR chip.  

 
Figure 13: Graph plotted from the simulation result of 5-degree helical angle Chip and 10-degree angle helical HC-BAR chip 

It can be noted that the uniformity of the temperature distribution was maintained by 5-degree 

angle and on the other hand the 10-degree tapered helical angle HC BAR has the same elevation 

of the temperature at start but is not efficient to maintain the isothermal temperature. 



23 
 

 
 

9.4 Design of the fin 

Initial design of the HC-BAR chip is shown in the Figure 14 which has a standard fin. It can 

be seen that the distance for the target volume for the Heating zone to the cooling zone is very 

small which provide very less time to dissipate the heat from the fins.  

 

Figure 14: Different view of HC-BAR Chip with the Standard Fins  

In the Figure 6 it can be observed that the introduction of the serpentine channel has provided 

longer length and more time in same amount of area and the fin work as insulation to reduce 

the impact of heating and cooling zone on each other resulting in increased efficiency.  
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Figure 15: Simulation result for the HC BAR Chip with serpentine channel fins showing Temperature distribution in heating 
and cooling zone. 

Figure 15 shows the capability of HC-BAR chip with the serpentine channel to avoid the effect 

of heating and cooling zone on each other. It can be observed that at the centre of the chip there 

is moderate temperature which is approx. 30°C. There is minimal effect of zones on each other. 
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X. DISCUSSION 

In order to maintain the temperature of the target volume we need to calculate the heat required 

to travel from the helical channel to the target volume in case of the heating zone and from the 

target volume to helical channels in case of the cooling zone. This extracted heat can be given 

by ‘Q’ which can be calculated as 

Q = m C ΔT 

where ‘C’ for the fluid in the helix which is water in this study 4.184 J/g°C) 

ΔT = required temperature – Actual temperature of the fluid. 

‘m’ = mass of fluid in the target volume,  

m = (Water density) x (volume of the channel confined inside the helical channel) 

and, 

To calculate the required fluid temperature in helical channels we can apply Fourier's law of 

conduction 

Q = -k A (TH – TT)/t 

where A = Area of the target volume confined inside the helical channels,  

TT = Fluid temperature in at Target volume,  

TH = Required Temperature of fluid in Helical channel,  

t =  distance between target volume and helical channel (average radius of the helix) 

The overall efficiency of the HC BAR chip is satisfactory as it was able to elevate the 

temperature of the target volume by 22°C and lower it back by 20°C. It was also able to keep 

the two zones unaffected by each other. The serpentine path also provides the target volume to 

properly mix and distribute the temperature of the temperature uniformly for the laminar flow 

mixing can only be done by breaking or changing the direction of the flow and by diffusion 

process in the flow. Therefore, the serpentine path increases the overall length of the channels 

which provides enough processing time for diffusion and heat transfer in a small space of chip. 

These equations were used to calculate an approx. temperature to start with.  

  



26 
 

 
 

XI. FUTURE WORK 

The validation of the simulation result is necessary for the check of the effectivity and working 

of the HC BAR chip. In order to do that 3D printing of the chip is proposed with a 

Stereolithography (SLA) 3D printer with the polymer resin with similar thermal conductivity. 

SLA is proposed as the design of the Chip is complex and contains several channels 

(Anycubic’s Photon S or similar) printer are proposed. A Digital light processing (DLP) 3D 

printer can also be used. 

Table 2:Specification for the 3D printer 

Specification for the 3D printer 

Printer Tech LCD-based SLA 3D Printer 

Printer Bed 115 x 65mm 

Light source UV  

Layer Height 25 ~ 100um 

Printing speed 20mm/h 

Materials: 405um resin or similar 

 

11.1 Proposed Testing for the Chip 

The following testing is required for the chip effectively working after 3D printing: 

• Dimensional inspection of the chip as per the 3D model. Connect the Tygon tube to the 

Tygon tube connectors to check if they are intact and well-printed. 

• Proof test for any leakage and failure of the chip. 

• Droplet generation by the droplet generation mechanism inside the chip 
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• Thermal distribution of the helical channel at the target volume with the help of an IR 

camera. Thermocouples are to be used to check the effect of the heating and cooling zones 

on each other. This can also be done by the IR camera.   
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