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Abstract

In this study, the effect of different ionic liquids on heat transfer in Received: 18 December 2024
a counter-current double tube micro heat exchanger has been Accepted: 11 March 2025
investigated. Experiments were performed in double-tube heat Page Number: 112-122

exchanger with a shell diameter of 6 mm, and the tube inner and
outer diameter of 0.91 and 2 mm, and the length of 50 cm. Heat
transfer using two ionic liquids ([HMIM] BF4 and [HMIM] CI),
saline water, Urmia brine, and tap water as hot streams in the tube
side and the tap water as the cold stream in the shell side was
studied. Two inlet temperatures of 60 and 70 °C was considered
for the hot stream and its volume flow rate varied from 0.5 to 3.3
mL/min. The evaluation of the overall heat transfer coefficient
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indicated that, at different flow rates, the highest coefficients were Keywords:
observed in the following order: saline water solution, [HMIM] lonic Liquid,
BF4, [HMIM] CI, Urmia brine, and tap water. Additionally, Heat Transfer,
the best thermal-hydraulic performance was achieved in Micro Heat Exchanger,

Thermal-Hydraulic

the following order: saline water solution, Urmia brine, and -
Performance Coefficient

the ionic liquids [HMIM] BF4 and [HMIM] CI.
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Figure 1. The designed experimental double—tube micro heat exchanger.
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Table 1. Characteristics of the applied hot fluid ionic liquids.
- Molecular . L
Material IC::?’EI:;I weight é?:llify Vlizg?ty Purity (%)
(g/gmol) Yy
1-Hexyl-3-
methylimidazolium CioH1BFN 254.08 115 310 97-99 yellow
tetrafluoroborate
(HMIM] BFs)
1-Hexyl-3-
methylimidazolium chloride C1oH15CIN, 202.72 1.05 750 97-99 Bright yellow
([HMIM] Cl)
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Table 2. The considered volume flow rates of the hot and cold fluid in the micro heat exchanger.

Qn (ML/min) 0.5 0.8 1.0 1.3

Qc(mL/min) 0.6 0.7 1.2 1.6

15 2.0 25 2.8 3.0 3.3

1.8 2.8 3.3 35 3.7 3.8
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Figure 1. The overall heat transfer coefficient versus volume flow rate of the hot fluid at inlet temperature of
(a) 60, and (b) 70 °C for the hot fluid.
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Table 3. The relative values of the overall heat transfer coefficient compared to the base fluid (water) for ionic liquids used
at different volumetric flow rates of the hot fluid for an inlet temperature of the hot flow of 60 °C.

Qh (mL/min) (Hmim-BF4) (Hmim-Cl) (saline water) (Urmia Brine)
0.5 2.375 212 2.83 1.67

0.8 1.38 1.15 1.60 1.04
1 1.86 1.46 2.25 1.57
173 1.57 1.19 2.06 1.26
15 1.63 1.45 2.16 114
2 1.89 1.60 2.28 1.35
25 1.46 1.33 1.68 1.19
2.8 1.6 1.38 1.79 1.19
3 171 1.39 1.88 1.19
3.3 1.64 1.35 1.80 1.18
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Figure 3. The friction coefficient in terms of the flow rate of the hot fluid inside the micro heat exchanger for different fluids.
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Table 4. The thermal-hydraulic performance coefficient for different ionic liquids compared to the base fluid (water)
at varying flow rates of the hot fluid.

Qh (mL/min) (Hmim-BF4) (Hmim-CL) (saline water) (Urmia Brine)
0.5 1.45 1.01 221 1.38
0.8 0.92 0.60 1.39 0.94

1 1.25 0.77 1.94 1.42
13 1.03 0.61 1.73 111
15 1.08 0.75 1.84 1.02

2 1.25 0.83 1.94 1.20
25 0.97 0.69 1.43 1.07
2.8 1.07 0.72 1.52 1.06

3 1.13 0.72 1.59 1.06
33 1.05 0.67 1.47 1.00
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