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ABSTRACT 

The aim of this paper is to investigate and analysis the efficiency of the heat transfer process by using a triple pipe 

heat exchanger based on the water and titanium dioxide (TiO2) as a cooling fluid. The air passes through the 

central pipe. Heat transfer analysis is performed for the parallel flow and the counter flow of normal fluid in 

comparison with the hot water passing through the spiral tube. Air flow within the central pipe is maintained at 

(4.5 m/s). The investigation include the changes in the efficiency and overall heat transfer ratio (Uo) for flow rate 

ranged from 20.0 (lpm) to 60.0 (lpm). In case of the warm water flow changes and the normal water changes, the 

Uo will ranges from 50.0-100.0 (W/m2k), while in case of using the (TIO2) is Nano fluid , the (Uo) will be in the 

range of 150.0-200.0 (W/m2k).The obtained results indicate that the efficiency will decrease with the increasing 

of flow rate , while the Uo was increased.  
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INTRODUCTION 

The Triple Concentric Tube Heat Exchanger (TCTHE) is a modified version of the double tube concentric heat 

exchanger with the addition of an intermediate tube. Therefore, the (TCTHE) is designed with three concentric 

tubes and different lengths are possible [1]. The triple concentric tube heat exchanger has several advantages over 

the shell and tube heat exchanger, such as a larger heat exchange area per unit length and a higher overall heat 

transfer coefficient [2], the thermal contact between the fluids is improved by adding a third tube. In addition, the 

use of this type of heat exchanger offers technical and economic advantages, as it allows the transfer of heat 

between three fluids in one unit. Three-pipe concentric heat exchangers are used in thermal processes, especially 

in food processing, refrigeration, pasteurization, freezing and concentration [3].  

Compact and curved pipe types are used for efficient transmission of heat in current situations. One of them is a 

helium-hardened tube used as a heat transfer entry. Many researchers focused on analyzing heat transfer and fluid 

flow characteristics in heat transmissions using helium tubes. Many studies are being conducted on preparation, 

characterization and performance analysis of Nano fluids [4]. The presence of naral particles in conventional 

liquid increases the fluid's ability to transmit heat that is necessary in important fields [5]. Several studies with 

thermal efficiency analysis are available in literature such as: 

• Harris et al. [6] conducted an experiment maintaining a constant state of wall temperature limitations and

found an improvement in the rate of heat transfer using water-based Titanium dioxide Nano fluid.

• Lai et al. [7] studied the behavior of water flow based on Nano fluids in the test tube, subjected to a

constant state of wall heat and for a low Reynolds number (Re). They found a change in heat transfer

along with (Re).

• Jung et al.[8] conducted an experiment in a retogular micro channel in laminar flow conditions using

water based on the anomaly of Nano fluid (Al2O3). They found that the heat transfer ratio increased by

more than 32% .

• In other works, Harris et al. [9] conducted an experiment maintaining a constant state of wall temperature

limit of 0.2 to 2.5 vol.

• Nanoscales for (Re) vary between (700) and (2050). They found again that Nu increased its use of Nano

fluids compared to water. Suresh et al., he worked on a (15.3 nm) nanoscales. For analysis of (Re) in the

range of (2500-6000), 0.1%, 0.2% and 0.3% vol faction [10].
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• Pakdaman et al. [11], [12] analyzed the performance of multilingual carbon naral tubes (MWTNT) Nano

fluids in a helical crumpled heat exchange that was held vertically. (0.1%, 0.2%, and 0.4% Vol).

• Mohahatra et al. [14] conducted an analysis of the thermal transmission of the triple pipe using water as

primary liquid along the hot and normal water side. Besides him, none of the jobs have been reported for

the triple helical tube.

• With this motivation, this work analysis of heat transfer is done in terms of efficiency investigation and

overall heat transfer ratio inspection by using water and TIO2  dioxide Nano fluid [15].

METHODOLOGY  

The triple tube transferring system has been manufactured as shown in figure (1). It consists of a screw tube with 

(21.2 m long) placed between two flat tubes to conduct the heat transfer.  

Figure 1. Triple tube heat exchanger. 

Hot water will pass through the helical pipe. The cooling water is pumped firstly from the tank to the test section. 

The temperature is measured at the end of the test part using thermocouples (type K). Normal water passes through 

the outer helium tube, which is available in the space between two flat tubes. The normal water is delivered from 

the tank in an open loop through a flow control valve and rotameter to dissipate and measure the normal water 

flow rate. The air passes in the inside of the pipe through the flow control valve, which is supplied with a small 

blowtorch in an open loop. 

Total coefficient of heat exchanger 

Hot water, normal water and air are allowed to flow during the experiment, where heat is transferred 

simultaneously from hot water to normal water and normal water to air. Depending on the heat transfer between 

liquids, the two total heat transfer effects are calculated based on temperature and flow rate data using the 

following equations [16],[17],[18]: 
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Where: 

di, do, are the inner and inner diameter of the air pipe and the thickness copper pipe. L is the length of the heat 

changer and the thermal conductivity of copper. hh, hn and has support for hot water, normal water and air.  

Efficiency   

The capacity of the heat transfer process between the normal and hot water can be calculated according to the 

following equations [19]: 

H = Qact/Qmax  (4) 

Where: 



Analysis the effecieny of a triple tubes heat exchanger based On Titanium dioxide Nano fluid and water method

335 

Qact = Cph (Th1 - Th2)  (5) 

Qmax = Cmin (Th1 - Tn1)       (6) 

Analysis of uncertainty case 

The recorded temperature of uncertainty case can be achieved by using the following equation described by 

Coleman and Steele. Uncertainty at (± 0.5 °C) [20]: 
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RESULTS AND DISCUSSION 

The research task includes the heat transfer analysis of the heat exchanger with three-tubes by using normal water 

and TiO2 Nano fluid. It examines the change in performance and the overall heat transfer coefficient (UO) .Table 

(1) illustrates the change in the efficiency of HXE during hot water in normal water and (Tio2 ) Nano fluid when 

the rate of hot water flow changes from (20 lpm) to (60 lpm),and figure (2) shows this changes in a graphical 

shape .  

Table 1. change in the efficiency during hot water in normal water and (Tio2 ) 

Water flow 
Efficiency 

TiO2 Normal water 

20 75 34 

30 35 9 

40 27 7 

50 24 4 

60 18 2 

Figure 2. Efficiency of hot water flow at different speeds in comparison with normal water. 

Efficiency also appears to be reduced for fluids by increasing the flow. Reducing efficiency is very important at 

first, but later this reduction is not important. Lowering the trend of normal water is due to a lack of time to stay 

between the two liquids in the initial phase and different trends in the number of portable units [15]. Table (2) and 
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figure (3) show an improvement in the overall heat transfer coefficient (UO) during hot to normal water to increase 

in hot water flow from (20 l/min to 60 l/min). Increasing the flow turbulence and allows faster removal of heat 

from part of hot water, which improves the number of Nusselt number and Re, causing an increase in UO. The 

increase in UO for TIO2 relative to water is more significant in all floods. Improved heat conductivity of these 

Nano fluids causes an increase in UO, which is almost a triangle of water on all streams. Table (3) and figure (4) 

show a change in efficiency by increasing the flow of normal water. Efficiency was initially reduced in high 

degree and then more or less left in the same water range. For TIO2, the efficiency of the Nano fluid is in constant 

decline, similar to the effect shown on January 1st. January 2019. The reason is the same as the different number 

of portable units and the lack of time to stay.   

Table 2. UO, (hot /normal water). 

Water flow 
UO,(hot /normal water) 

TiO2 Normal water 

20 172 62 

30 210 85 

40 245 101 

50 277 115 

60 310 127 

Figure 3. Uo of hot water flow at different speeds in comparison with normal water. 

Table 3. Efficiency of (hot /normal water) 

Water flow 
Efficiency of (hot /normal water) 

TiO2 Normal water 

20 16 14 

30 7 10 

40 4 12 

50 3 9 

60 2 11 
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Figure 4. Efficiency versus different flow rate. 

CONCLUSION 

In the present paper, the heat transfer by using a triple tube efficiency has been investigated and analyses for the 

parallel and reverse flow of normal fluids with respect to the hot water circulating in the spiral tube. The airflow 

velocity in the central pipe is kept constant at 4.500 m/s. The obtained results indicate that the transferring 

efficiency between hot and normal water decreases as the flow velocity of the hot water increases with parallel 

flow. The total heat transfer between hot and normal water will increase with increasing the flow velocity of hot 

water. The efficiency of the counter flow remains slowly with increasing the hot water flow velocity compared to 

the parallel flow. 
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