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Abstract 

Experiments were performed on a heat exchanger of concentric double pipe through a duct of the square cross-sectional 

area and a circular annulus. During the experiments, water was used as a heat transfer fluid. The twisted tape had been 

made of stainless steel and inserts screw-tape with a similar ratio of twisting, y=4. Cold and hot water streams meanwhile 

annulus and internal duct with square cross-sectional, respectively. The performance for the system with screwtape inserts 

is greater than that when the twisting tape had been used, also this performance in colder weather is improved when it was 

working in other conditions. Because tape inserts and impellers have a greater isothermal coefficient of kinetic friction 

than that of plain tubing by 7.6 and 13.2. Within the laminar region, experiments were carried out with success. Therefore, 

the mean Nusselt numbers for both twisted and screw tapes are significantly high than that for the ordinary duct over the 

whole laminar scope. The screw twisted and tape inserts performance are 2.81 and 3.52 times larger than that for a duct’s 

square plain at a constant power of pumping respectively. 
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Introduction  

Any heating system's performance is improved by growing the coefficient of heat transfer. Such a technique was developed and 

has extensive use in the applications of heat exchangers such as refrigeration, automotive, process, and chemical industries. Up to 

this point, a great deal of work has been done to decrease cost and size. Additionally, a higher heat transfer coefficient has the 

added advantage of dipping the temperature pouring force, increasing the effectiveness of the second law, and declining entropy 

production [1-2]. For laminar flow as well, heat augmentation techniques are essential. The tape wound on a core-rod is twisted in 

the method as screw-tape. Although both types of tape produce a swirling flow through a pipe, the tape of helical screw and 

twisting tape have distinct flow characteristics. Screw-tape whirling flow alternates in a direction with smooth, while twisted-tape 

twirls with two parallel directions instantaneously. The twisted tape is extra widespread than that helical screw type [3-6], owing 

to its lower pressure drop and ease of production. The helical screw can be used in the flow with a low Reynolds number. By asset 

of its pitch length is shorter, that leads to making the swirling flow be a sturdier and lengthier time of residence tube, and 

therefore, that type will promote higher heat transferred than that for twisting tape [1]. 

A radial tube equipped with filled helical screw tapes of varying spin ratio values was studied by [7] to determine the laminar 

thermohydraulic variable features. When the tape inserts were used, they stated an important increase in the heat transfer rate. 

They also originate that the coefficient of heat transfer augmentation was not knowingly different between twist ratio cumulative 

and lessening. With the assist of twisted tape inserts, [8-10] considered the amount of heat transferred for the flow of laminar and 

viscous. For constant flow rate and pumping power, the Nusselt number had been getting to be 2.24 - 5.56 and 1.23 - 3.67 times 

that for the plain tube. Characteristics for heat transfer and fluid flow with the laminar region through horizontal un circular tube 

experimentally investigated for that with inserted full length, short-length or frequently spread out the twisting tape was performed 

by [11]. Aspect ratio, twist ratio (y), and tape length have all been studied to see if they can improve heat transfer. Regularly 

twisted tape elements exceed short twisted tapes in performance tests [12]. 
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Problem description  

Figs. 1 and 2 illustrate the specifics for the test section inserts. The present problem was analyzed for a heat exchanger with the 

concentric tube of two models internal duct with a square cross-section and annulus pipe in the outer. Cold and hot water flow 

through the test section in the outer and inner respectively. Tube with 21.41 mm inner diameter and outer diameter is 56 mm. 

dimensions for tube were 2000mm in length and thickness of 2 mm. The two tubes had been made of copper. To reduce heat loss 

to the environment, the outer tube surface was covered in insulation. The entire length twisted tape, as well as full-length helical 

tape, incorporate used here assessment were displayed in Figs. 1a and 1b. The dimensional circumstances of the tape inserts and 

spiral tape implanted had been preserved fixed. The ratio between the distance of 180 ° for swirl and diameter of a tube was 

named twist ratio. 

 

      

a                                                                             b 

Fig. 1 shows Diagram for (a) twisting tape, (b) Screw-tape insert 

The twisted tape was created using stainless strips with a wall thickness of 1 mm (t) and widths of 19 mm (H=86mm). That one 

was created by spinning a plain tape around its longitudinal direction whereas holding it under tension on a lathe. Screwtape twist 

ratio (Y) is defined as the length of one twist divided by the diameter of the twist. The spiral tape is made of stainless steel with W 

= 18, d = 8, and t = 1mm.  

 

CFD meshing 

Ansys fluent Workbench had been used to generate a QUAD mesh. There are numerous element and mesh types to choose from. 

The choice is determined by the problem and the solver's abilities. First, the solar chimney's surface meshes with a QUAD 

element. For all models, 8452201 elements are used. 

Heat transfer calculations  

The rate of heat transfer can be calculated through the test section as follows [6-8], 

𝑄𝑐 = 𝑚𝑐𝐶𝑝𝑐(𝑇2 − 𝑇1)                                                                                            1 

Convection heat transfer from the hot working fluid (water) can be estimated as, 

𝑄ℎ = 𝑚ℎ𝐶𝑝ℎ(𝑇3 − 𝑇4)                                                                                           2 

average heat transfer had been evaluated, 

𝑄avg = 0.5(𝑄𝑐 + 𝑄ℎ)                                                                                            3 

𝑄avg = ℎ𝑖𝐴𝑖(Δ𝑇)ln                                                                                                4 

Heat transfer for isothermal surface had been determined, 

ℎ𝑖 =
𝑄𝑎𝑣𝑔

𝐴𝑖(Δ𝑇)ln
                                                                                                           5 

𝐴𝑖 = 4𝐷ℎ𝐿                                                                                                             6 

(Δ𝑇)ln = ((𝑇𝑤 − 𝑇1) − (𝑇𝑤 − 𝑇2))/ln ((𝑇𝑤 − 𝑇1)/(𝑇𝑤 − 𝑇2))                         7 

To calculate the bulk temperature of the working fluid,  
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𝑇𝑏 =
(𝑇1+𝑇2)

2
                                                                                                            8 

𝑇𝑤 = ∑𝑇wall /8                                                                                                       9 

Nusselt number was calculated as 

𝑁𝑢 =
ℎ𝑖𝐷ℎ

𝑘
                                                                                                             10 

 

Results and discussion  

The thermal performance had been estimated by using the following ratios R1 and R2, according to the dimensionless parameter 

of Nua [11]. 

𝑅1 = (𝑁𝑢𝑎/𝑁𝑢0)𝑚,𝐿,𝑁,Δ𝑇,𝑇1,𝐷ℎ
                                                                 11 

𝑅3 = (𝑁𝑢𝑎/𝑁𝑢𝑜)𝑃,𝐿,𝑁,Δ𝑇,𝑇1,𝐷ℎ
                                                                              12 

Fig.7 illustrated thermal performance ratios for twisted and screw tapes with entire length analyzed individually insert with core 

rod are affected by enlarged Reynolds numbers (Rea). As Reynolds number increases for both types of inserts, the thermal 

performance ratio (R1 at a constant flow rate) also increases. For twisted tape inserts, R1values drop sharply after Reynolds 

number 1205 and for screwtape inserts, R1 values drop sharply after Reynolds number 1909. Turbulence in the transition region 

reduces R1 values, which can lead to an increase in Nuo values as well. For twisted tape and screwtape insert, Reynolds numbers 

of 1210 and 1909, the optimum performance is 3.45 and 6.52 times the plain square duct. 

For both types of inserts, the hydrodynamic and thermal performance ratio R3 increases linearly Rea. When using twisted tape and 

screwtape inserts with Reynolds numbers of 1009 and 752, respectively, the performance of the model obtains 2.81 and 3.52 times 

the plain square duct performance. Rea continues to rise, while R3 continues to drop. R3 values fall below 1.0 at high flow rates. 

That's because when comparable pure duct Reynolds number exceeds 2100 for relating Rea values, Nuo values are considered to 

be greater, resulting in a lower performance ratio. 

 

Fig.7 the ratio of performance alteration with Rea 

Conclusions  

A square duct with twisted tape and helical screw-tape with a core-rod inside was subjected to heat transfer and isothermal friction 

factor experiments to obtain the data. Screwtape inserts with helical spirals improve heat transfer rates by a significant amount. 

Using a rod with helical screw tape results of heat transfer is great by 3.45 times that for a square duct at a constant flow rate. 
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