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Through experimental and simulation results, a comparison between 
mini and micro channels with inserts or without inserts is conducted; 
in this case, water is the only working fluid used for present 
experimentation. In order to research the fluid flow and micro channel 
features, the results of fluid flowing inside the mini channel and micro 
channel with insert or without insert separately were admitted. 
Experiments were performed for various operating and design 
parameters under counter-flow conditions, with hot water moving into 
a concentric tube with a 30 mm diameter at 0.00078 kg/sec flow rate. 
The fluid is moving separately through mini channels with a 2 mm 
diameter and micro channels with lower than 1 mm dia. at a varying 
flow rate 0.00015 kg/sec to 0.0062 kg/sec. The working temperatures 
for hot water and cold fluid were 323 K and 303K, respectively. 
According to the results, the suggested design of the micro channel with 
insert performed better than a conventional mini channel, micro 
channel without insert and mini channel with inserts due to the better 
thermal conductivity of the aluminum material, effective diameter 
(1mm) to length ratio of micro channel in which heat exchanges with 
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minimum volume ratio and the additional exposed area made possible 
by the rectangular shape of the insert, whereas micro channel with 
micro insert having rectangular shape showing best results as 
compared with the other designs of channel due to the rich heat 
passage and effective pressure drop and temperature. Experimentation 
and simulation results are coming in positive direction, it is directly 
observed from the error percentage i.e. 2.41% to 4.29%. 

1. Introduction 
Due to intense competition, businesses nowadays use cutting-edge equipment and processes to produce a wide 
range of products that are more productive and help society as a whole. Automation is crucial for modernizing 
work culture in a productive way [1, 2]. In order to create the best, most responsive, and most dependable 
products for society and consumers, various industries are using various scientific concepts and emerging 
technologies to manufacture digitalized electronic products, medical equipment, automotive and aviation 
products, and research equipment, among other things. The main issue facing the industries in this area is the heat 
trap and blockage in digital items, which shortens product lifespan. A fresh answer to this problem statement is 
being found in several sectors, including this one. The product's design is heavily influenced by environmental 
factors, material choices that are practical and affordable, and geometrical design constraints. For constructing 
the ideal heat convey equipment to extend the life and dependability of digital products, material conductivity and 
the area of the heat convey unit are important game changers in the geometrical realm, which is why researchers 
continue to be drawn to micro channels [3, 4, 5, 6]. Nanofluid has an exceptional chemical, thermo, physical 
attribute [7, 8].  

In order to improve the performance and efficiency of various solar equipment and exchangers in various 
situations, for varying Re number ranges, many researchers focused on analyzing the behavior of various fluids 
such as air, water, D2O, ethylene-glycol, and its mixture with Al2O3, TiO2, ZnO, BeO, CuO, MWCNT, and SWCNT. 
According to the findings, increasing fluid thermal conductivity will have an impact on performance because it 
will increase Nu number [9]. Numerous researchers use different factors for analysis for creating effective 
exchangers, sun heaters, space heaters, cyclone separator [10], etc. Some common factors were selected during 
analysis like diverse shape and orientation of tube, perforation, absorber plate (AP) such as helical or spiral shape 
tube, simple tubes, a variety of tubes with diverse inserts or without inserts, pipe bend [11] and roughness like m, 
w, z shape, c, s shape, sine wave shape, hollow conical ring tapered shape etc. [12, 13, 14, 15], in diverse exchangers 
like shell-tube, concentric-tube, sun heater, space heater or regenerator, LED [16, 17, 18, 19]. After determining 
the size, form, and feasibility of the AP, tube. Researchers focused on examining the impact of AP placement and 
perforation location in various inserts [15, 16] and with various fluids [8, 16, 17, 20]. Researchers further 
investigate the effect of materials like Clay, dried clay, nylon 6, and other materials etc. that are categorized as 
sensitive materials beneath packed beds linked to thermal storage [20, 21, 22, 23, 24, 25]. Numerous studies have 
looked for analysing the impact of heat convey and flow attributes of nanofluids in spiral tubes [19] filled with a 
variety of fluids, including water [13, 14, 16, 17], and fluid [7, 8], including this such study is also helpful to predict 
the performance of IC engines with or without heat convey unit of like radiators, exchangers using bio lubricant, 
bio oil etc. [26, 27, 28]. The results of heat transfer and the thermal characteristics of C.T.T. and C.O.T.T. aqua with 
base fluid were examined in few studies. The values of Nu, f, and Re diverge by 7200 and 32400, respectively, 
when the twist ratio falls. When Re is enlarged, the Nu factor produces better results. C.T.T. amplifies heat 
transmission more effectively than C.O.T.T. [29].  

The research presents the findings of studies on the effects of viscosity range, specific heat, and thermal 
conductivity in a double pipe exchanger with a variety of nanofluids (NF). The results were produced by using a 
two-step process through MAT lab code to produce N.D.G. NF with a water basis. It was discovered that the twin 
pipe exchanger's performance improved because of a 15.86% expansion of the heat convey parameters occurring 
at 0.6 weight percent NF in comparison to water [30]. The effects of thermal convey and f between TiO2 and Al2O3 
in turbulent situation at various operating temperatures were examined through analysis. Water and ethylene 
glycol (EG) 60:40 (W.E.G.) were combined to create the fluids, which were then manufactured using a two-step 
technique and dilution process at working temperatures of 30, 50, and 70 OC. Temperature had an impact on 
Al2O3, and an increase in thermal conductivity and viscosity was produced. For 0.1 mass at 50 and 70 OC, TiO2 
free of temperature has about the same heat transfer coefficient value, with an increase of 24%. At a temperature 
of 30 OC, Al2O3 outperformed TiO2 [31]. 

Experimentally noticed the outcomes of a thermal convey based on nanofluid in a curl tube where screw 
pitches, rotation angle was taken as the exploring parameters, an improvement were shown for low screw pitch 
with 45O angle [32]. Heat transport analysis on shell spiral-coiled exchanger was assessed. Physical quality was 
assessed using numerical and experimental techniques. 42 cases and 15 trials were gathered. The operating fluid 
used was water, and the temperature affects how it behaves. The results show an increased pitch size. The number 
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of mussels increases on the shell side by 0.8%, or 50%. The Nusselt number decreases by 34.1% and 28.3%, 
respectively, when height and diameter increase [33]. Analyze numerically how construction factors affect the 
heat movement, flow, and stress properties in a spiral exchanger with tube bundles using the thermal interaction 
of liquid-solid technique. According to the findings, the flow pattern from the shell to the tube shifts from 
transverse to oblique, and the total heat convey coefficient first rises before falling as the angle decreases [34]. 
Some researchers investigate the impact of thermo-hydraulic attribute in spirally wrapped exchanger having 
successive shell. The outcome demonstrates that the only significant dimensionless parameter that has no effect 
on the flow properties is the tube numbers in the higher layer [35]. This experiment's goal is to evaluate the 
viability of diverse exchanger like corrugated mini-duct geometries [36], sextant helical baffle [37], cooled by 
water. It takes varying geometries for analysis, on comparing all sinusoidal show better performance in 
corrugated mini-duct exchanger [36]. After reading through a number of prior studies on various approaches used 
to solve the heat convey problem [3, 4, 5, 6, 38], the CFD fluent module was employed in the current study to 
validate the work using experimentation values through the Viscous- Realizable (k-epsilon) model. 

The findings were not limited to but reported that higher number of fins have always shown better 
performance than arrangements having lower number of fins. Moreover, few literatures suggest composite 
materials can yield better heat transfer [39-43]. 

The literature review on the distillate yield of stills suggests that the inclination of the wick and materials used 
for the wick are the factors that influence the distillate yield. However, limited study has been conducted on the 
effect of the tilted wick inner part of the watershed. This creates a research gap in understanding the impact of 
the wick’s tilt angle on the distillation process. Exploring the influence of the wick’s inclination within the 
watershed is a crucial factor for several reasons. The tilt angle can affect the flow dynamic of heat transfer within 
the still. The combined effect of the low-cost jute wick material and its inclination has not been extensively studied. 
So, to fill this gap a low-cost jute fiber was used as a wick material inner part of the watershed to enhance the 
distillate yield of the solar still. Literature [44-51] calculates efficiency, energy and exergy and performance of the 
thermal based system. Recently industries are adapting automation technique [1] during manufacturing reliable 
products for market, which increases the quality and quantity both and including these industries prime focus is 
to manufacture automated products also for the society or customers so that it provides easiness to their work 
culture, work habits and life such as mobile solutions [2], software’s, automatic gadgets or devices etc. Thermal, 
solar, space, automobile industries facing challenges in renewable energy area where energy constancy is the 
major concern, many researchers worked on specific design and develop high efficient and effective air heaters 
[12-16] which utilized solar energy more during day for diverse applications and some literature presented the 
importance of roughness shapes, and demonstrate the positive effects of roughness shape, utilized over absorber 
plate [12-16, 52, 53]. Some researchers work on efficiency improvement of exchangers through spiral tube and 
roughness usages [8, 17, 19, 58], some focused on micro channels with diverse effect of fluid [3-6, 54-57] and fins 
[18], some performed work on cyclone separator and pipe bend effect for thermal industrial applications [10-11]. 

Including all above research some researchers analyzed the effects of diverse thermal storage material for 
long term energy storage [20-24]. While doing such type of research, several researchers adopt diverse 
methodologies for solving their problem statement for that past literature plays an important role for adoption of 
methodology [26-28, 38, 52-58].   

2. Materials & Methodology 
Based on previous literature, design constraints, economic viability of material, selection of material and working 
fluid for channels takes place [11]. The details of its properties are mentioned in Table 1. 

Table 1 Properties of processing material 

Fluid and Material Thermal Conductivity 
‘K’ (W/m.k) 

Specific Heat ‘Cp’ 
(J/kg.k) 

Density ‘ρ’ (kg/m3) 

Aluminium 40 880 3700 

Water 29 544 5600 

2.1 Fabrication of Test Set-Up and Experimental Procedure 
Mini & Micro channel has a common set up for experimentation. It consists of one middle plate for holding channel, 
two heating plates placed over middle both side and channel. The dimensions of the test set up contain length is 
28 cm, width 12 cm and thickness 2 cm. Rubber plate are placed between the middle plate and heating unit for 
preventing leakage. Separate grooves for channel and concentric tube are provided in the middle plate for inlet 
and outlet supply of water. Channels are made of diverse dimensions. Mini channels are made of 10.4 cm long, 1 
cm wide, 0.3 cm height, and 1 mm in diameter whereas micro channels are made of length 10.4 cm long, 1 cm 
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wide, 0.3 cm height, and 2 mm in diameter. Thermocouples are fixed over channel separately; special grooves are 
provided for their placement in middle plate. 3 heaters are used to heat up the water, 2 heaters are placed inside 
the heating plate on both the side and 1 is placed separately at hot water supply tank. The test setup is packed 
with the help of nuts and bolts. 8 thermocouples are attached at the outer surface of channel rest 4 thermocouple 
are fixed at inlet & outlet of hot & cold supply.  All thermocouples are attached with data loggers for recording 
surface temperature, inlet & outlet temperature of hot & cold water. Water is supplied through 2 peristaltic pumps. 
One is connected at the inlet section of channel and other is attached with inlet section of concentric tube 
separately. The outlet section of channel is connected to chiller tank for maintaining it at room temperature. 
Temperature controller and contractor relate to all 3 heaters to maintain the desired temperature. 2 mass flow 
meters and 4 Pressure gauges are connected to setup for measuring flow rate and pressure drop during 
experimentation as shown in fig 1 and 2. Installing the appropriate channel is the initial step in initiating an 
experiment. Before testing the channel's behaviour, a steady state phenomenon must be developed. Start the third 
heater inside the hot water supply tank for 15 minutes to reach steady state, then turn on the other two heaters 
on the heating plate. Start the first peristaltic pump, which is connected to the hot water supply tank and supplies 
the water to the concentric tube to maintain the temperature, at the correct flow rate at the same time. Start the 
experimentation once steady state has been reached. Turn on the second pump, which is attached to the cold-
water tank, at the required flow rate, and feed the channel with water for 30 minutes. Then, take the readings of 
the channel surface temperature, the cold and hot water entry and outlet temperatures from the data logger. In 
order to calculate pressure, drop and other characteristics, note down the pressure readings independently from 
the pressure gauges that were mounted in the setup. Repeat the procedure for the subsequent set of experiments 
with various working settings. 

 

 
Fig. 1 Line diagram of experimental setup 
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Fig. 2 Computational geometry of micro channel with inserts 

 

Fig. 3 Photographic experimental view of setup 

2.2 Data Reduction 
The experiment's results were obtained by using a data reduction approach, and equations were used to calculate 
the fluid-flow characteristics which are as follows:  

 

ds
VolumeQ

t
=

   
where dsQ Area V= ×  (1) 

. .rf f fm AVρ=  (2) 
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Here, mhf and mcf flowrate (hot water) & (cold water), Th.in = temperature of inlet (hot water), Th.out = 

temperature of outlet (hot water), tc.in = temperature of inlet (cold water) and tc.out = temperature of outlet (cold 
water). As per L.M.T.D. method, the governing equation for determining heat rate and coefficient are mentioned 
below: 

. .rQ h A T= ∆  
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( ) ( )
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1 2 1 2
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Following equations are utilized to ascertain fluid-flow performance attributes, which are mentioned below: 

0.8 0.4. 0.023 Pr  h DNu
k

= = ℜ . .where  A Dρ
µ

ℜ =  (6) 

2.
2

Pf
L
D

ρυ
∆

=
  

  
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 (7) 

Following equation and procedures are used to calculate the thermal-performance attributes in accordance with 
the governing equation: 

max

actualQ
Q

ε =  
(8) 
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. sU ANTU
Q

=  
(9) 

where min .  and cpC m C=
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1 1counter
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 
 
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0.8 0.40.023 Pr  sNu = ℜ  (12) 
0.25 0.316sf
−= ℜ  (13) 

3. Results & Discussion 

3.1 Effect of Design Constrains of Diverse Channels Over Nu & f Flow Parameters: 
Fig. 4, 5 show that the fluid-flow and thermal attributes of mini channel (Min. C) perform better than that of the 
micro channel (Mic. C). Additionally, micro inserts (MI) have a crucial approach in improving performance of flow. 
Min. C with MI is performing better than other channel designs of channels based on various design constraints, 
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because of higher size of Min. C, MI area over all surface area increases. It is a crucial factor for enhancing the flow 
parameters. In Fig. 4, 5 the fluid-flow attributes of water was also showing better flow performance for laminar 
and turbulent situation due to design constraints, here Nu factor & f factor varied 11.18-41.69 and 0.00591-
0.000391 (modeling value), 10.70-40.65 and 0.0065-0.000401 (test value) under laminar situation whereas, 
56.23-70.70 and 0.000309-0.000268 (modeling value), 55.77-69.03 and 0.000316-0.000271 (test value) under 
turbulent situation. Tested value and software modeling results are favorable, as can be seen from the error 
percentage, which ranges from 2.41% to 4.29%. 
 

 
Fig. 4 Representing variation b/w Nu and f with Re for diverse design constrains of micro channel 

 
Fig. 5 Representing variation b/w Nu and f with Re for diverse design constrains of mini channel 

3.2 Effect of Design Constrains of Diverse Channels Over Nu/Nus & f/fs Flow 
Parameters 

Figures 6 and 7 [35] illustrate the decrement and increment in Nu, f/fs & f, Nu/Nus modeling and test values 
during the experiment because of the positioning of MI, which caused severe turbulence in the test setup of the 
channel. Nu/Nus and f/fs is a fractional tested value of proposed geometry to smooth tube geometry without insert 
for both cases. It is clearly shown from the figure that the proposed geometry with insert performs better than 
smooth tube geometry without inserts in laminar region compared with turbulent region.  From Fig. 6, 7 it is 
evident that Nu/Nus factor & f/fs factor are coming 0.298-0.101 and 0.0230-0.0305 (modelling value), 0.286-
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0.0988 and 0.0254-0.0313 (test value) under laminar situation where as, 0.0988-0.0987 and 0.0361-0.0419 
(modelling value) 0.0980-0.0964 and 0.0369-0.0423 (test value) under turbulent situation.   

 

 
 

Fig. 6 Representing variation b/w Nu/Nus and f/fs with Re for diverse design constrains of micro channel 

3.3 Effect of Design Constrains of Diverse Channels Over Q & ε Thermal Parameters 
The relationship between Q, effectiveness with Re is depicted in Fig. 8 and 9. Because of the suggested fluid and 
channel material, set up have strong thermal conductivity. It is observed that only Q is increasing gradually, 
because of higher flow rate and convective coefficient. But the other parameters such as ε which also reflects the 
thermal behaviour like Q of the suggested fluid and shape & material of channel are decreasing quickly because of 
thermal difference. When evaluating every aspect of all possible geometries. It is shown that a Min. C with MI 
behaves optimally and performs better than others for Q parameter because of large size of channel which lead to 
higher surface area, whereas for ε Mic. C. with MI behaves better, because effective thermal difference has 
occurred by Mic. C. The best results for Q, effectiveness with Re ranged from 40.87-125.85, 0.99-0.372 (modelling 
values) and 38.18-124.39, 0.941-0.337 (test values) under laminar conditions, whereas 143.39-155.75, 0.296-
0.268 (modelling values) and 145.03-154.70, 0.269-0.204 (test values) under turbulent situation 

 
Fig. 7 Representing variation b/w Nu/Nus and f/fs with Re for diverse design constrains of mini channel 

Reynold Number 

Nu/Nus f/fs 
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Fig. 8 Representing variation b/w Ɛ and Q with Re for diverse design constrains of micro channel 

 
Fig. 9 Representing variation b/w Ɛ and Q with Re for diverse design constrains of mini channel 

3.4 Effect of Design Constrains of Diverse Channels Over NTU Flow Parameters 
Fig. 10 and 11 illustrate the relationship of NTU with Re, here NTU depicts the thermal transfer capability of 
channel per unit flow rate which is generally influenced by thermal difference. NTU is decreasing with an 
enhancement of Re because of several factors such as suggested fluid and channel material have strong thermal 
conductivity, size & shape of channels, extra area gained through MI involvement. It is observed that value of 
proposed parameter is coming better for Mic. C. with MI, because Mic. C. attains lower volume flow rate per unit 
length as compared to Min. C., which is not possible in Min. C and other deigns. The best results for NTU with Re 
ranged from 5.75-0.491(modelling values) and 3.28-0.431(test values) under laminar conditions, whereas from 
0.360-0.317 (modelling values) and 0.320-0.231 (test values) under turbulent situation.  
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Fig. 10 Representing variation b/w NTU and Re for diverse design constrains of micro channel 

 
Fig. 11 Representing variation b/w NTU and Re for diverse design constrains of mini channel 

3.5 Effect of Design Constrains of Diverse Channels Over TPF Performance Parameters 
Fig. 12 and 13 illustrate the relationship of TPF with Re, here TPF depicts the performance rate of channel. It is 
generally influenced by the ratio of dimensionless number (Nu) of proposed design of channel and smooth channel 
to the ratio of dimensionless number (f) of proposed design of channel and smooth channel. Because of various 
factors like suggested fluid and channel material have strong thermal conductivity, size & shape of channels, extra 
area gained through MI involvement, roughness of channels, TPF is decreasing with an enhancement of Re. Fig. 12 
and 13 demonstrates an acceptable range of thermal performance, which has been attained best in the laminar 
zone when compared to the turbulent region. Meanwhile, Mic. C has the highest potential for thermal transfer 
when compared to Min. C in terms of performance attributes, because Mic. C. has minimum roughness, which leads 
to lower friction rate inside the channel, it increases the TPF as demonstrated in Fig. 12, and 13. The best results 
for TPF with Re ranged from 1.11-0.46 (modelling values) and 0.97-0.44 (test values) under laminar conditions, 
whereas from 0.41-0.36 (modelling values) and 0.40-0.34 (test values) under turbulent situation.  
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Fig. 12 Representing variation b/w TPF and Re for diverse design constrains of micro channel 

 
Fig. 13 Representing variation b/w TPF and Re for diverse design constrains of mini channel 

4. Conclusion 
When comparing micro and mini channels with insert profiles to those without insert profiles, the Min. C. with MI 
exhibits finer results in terms of fluid-flow criteria, thermal criteria, while Mic. C. with MI exhibits good results for 
performance criteria and heat movement criteria. It occurs for several reasons which are as follows: 

 
i. Increased material thermal conductivity and exposed area made possible by MI design. In contrast, the 

results of the geometrical profile also acknowledge that the Min. C. acts better than the Mic. C. in terms of 
fluid-flow and thermal parameters.  

ii. The ruling factor is that the Mic. C. hole (diameter) size is smaller, less than 1 mm, than the Min. C. hole 
diameter, which is 2 mm, because of smaller diameter of hole, effective diameter (1mm) and volume to 
length ratio in Mic. C. has been achieved which impacts positively more in heat exchange with minimum 
volume ratio of fluid. Thus, it increases heat dissipation, which was already achieved in the Mic. C. channel 
at a lower level of flow rate. The results of Mic. C. are too close compared to Min. C. 

iii. The reason which attracts the usage of Mic. C. more compared to Min. C. is the better thermal performance 
attribute of the channel. It is only achieved in Mic. C. not in Min. C. because of the lower size of Mic. C. It 
has minimum roughness, which leads to lower friction rate inside the channel, thus it reduces the 
hydraulic load and increases the TPF of channel.  
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