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Abstract—In this study, the effective factors on the heat 

transfer and pressure drop in heat pipe heat exchanger design 

based on the LMTD and effectiveness-NTU has been 

investigated. Increasing fuel cost and energy conservation, fuel 

consumption and also, pollution air are the most important 

consideration to be taken in new heat exchanger design, and 

modern compact heat exchangers. This paper describes a 

theoretical method to the design and performance of heat pipe 

heat Exchanger. Design of heat pipe heat exchanger for 

identifying of the principal parameters, which can optimize the 

performance of heat exchanger. Heat pipe heat exchanger 

efficiency with copper pipes is 10% higher than steel but steel 

pipe for strength and its ability to heat recovery of hot gases is 

preferred. Increasing the number of rows of tubes will increase 

efficiency. The largest diameter pipes and increasing the number 

of fins improved efficiency. Pressure drop of the heat pipe heat 

exchanger placed as heat recovery unit in hot gas duct of boilers 

and furnace depends on velocity and it is very important. 

Keywords— Heat Pipe, Design of Heat Exchanger, LMTD 

and ε-NTU method, Pressure Drop 

I.  Introduction  
At present, several methods exist for the transfer of heat 

between the hot and cold fluid. One of the ways that today's 
attention is heat pipe heat exchanger. Heat pipe heat 
exchanger is one of the most effective and efficient way for 
heat transfer. This heat exchanger made of heat pipe or 
thermosyphon. So that a heat pipe or thermosyphon heat 
exchanger such as components becomes part of the 
evaporator, condenser and working fluid is made. In HPHE 
heat pipe heat exchanger, heat from hot fluid to cold fluid by 
evaporation and condensation and heat the working fluid in 
individual tubes or thermosyphones be transferred. The main 
objective to design a heat exchanger is, first the heat 
exchanger to provide necessary heat transfer and second, the 
pressure drop over the heat exchanger and other connections 
in the flow direction of an economically constrained not 
exceed the limit. In general, the design and calculation of 
heat exchangers are divided into two categories. Categories 
in which issues first heat exchanger type and size are 
known, and the main issue was to determine the type of heat 
transfer and fluid outlet temperatures and intake 
temperatures is based on flow. 
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Categories in which issues first heat exchanger type and 
size are known, and the main issue was to determine the 
type of heat transfer and fluid outlet temperatures and intake 
temperatures is based on flow. These types of heat 
exchangers are known to performance issues.Categories in 
which issues second the flow rate and inlet and outlet 
temperatures of hot and cold fluid given. The design is to 
choose suitable exchangers, determine its size and calculate 
the surface needed to achieve the desired outlet temperature. 
After computing thermal energy there is the mechanical 
design. In this paper the exchangers design is performance 
and includes the following steps [1, 2]: 

 

 Determine the type and size of the heat exchanger. 

At this stage surfaces are determined. 

 Calculate thermal resistance and overall heat 

transfer coefficient. 

 Calculate outlet temperatures and heat transmitted 

by two methods ε-NTU and LMTD. 

 

II. Heat Pipe Heat Exchanger 
Design Steps  

A. Choose Size and Surface of Heat 
Exchanger 

At this stage exchanger surface characteristics with 
respect to the definition of the problem and accordingly 
determined in accordance with Table 1 [2-4]. 

TABLE I.  THE PHYSICAL CHARACTERISTICS OF THE HEAT PIPE HEAT 

EXCHANGER 

Physical dimensions of exchangers 
Height (H), Length (L), Width 

(W) 

Physical dimensions of the heat pipe, 

material and working fluid 

In and Out Diameter (Di , Do), 
Length (L), Copper and Water 

Types of fins 

Plate, thickness (tf), number 

(nf), distance (Sf) , Length (lf) 
Aluminum 

Pipe arrangement 
Staggered, Longitudinal pitch 

(SL), Traverse pitch (ST) 

The number of rows and the total 

number pipe 
N=NL*NT 

 

B. Hot and Cold Fluid Properties 
At this stage, the physical properties of the hot gases 

entering the evaporator and cold air entering the condenser 
at the average temperature determined. It is necessary to 
determine the properties as primary assumption, outlet 
temperatures guessed [5]. 

(1) 
284 10293.010342.0219.0 TTcp

  



 

16 

 

International Journal of Automation, Mechatronics & Robotics 
                              Volume 3 : Issue 1       [ISSN 2374-1546] 

                                                                                       Publication Date : 31  August,  2016 
 

(2) 36002.32)
7.198

(1027.2
5.1

8 


 

T

T
 

(3)   )0857.0(  pcK 

(4) 
RT

MP
 

C. Calculation of Reynolds 
number, Stanton – Colburn 
factor and Velocity in 
Evaporator and Condenser 
Section 

Reynolds number flow of hot gases entering the 
evaporator and cold air entering the condenser is calculated 
as follows [6]. 
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Calculation external convective heat transfer coefficient: 
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Substituting physical properties, heat transfer coefficient in 

the evaporator and condenser section is determined. 

 

D. Calculation of Fin Efficiency 

Evaporator section with subtitles e (the condenser section 

relationships like this are part and only with subtitles c): 
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Where Afe  is the total surface of fin in evaporator section 

and Aeo is the total surface of heat transfer in the evaporator 

section. 
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E. Calculation of Overall Heat 
Transfer Coefficient 

Heat pipe heat exchanger can be considered as a thermal 

resistance network. For evaporator and condenser section as 

below calculated [7-9]. 
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F. Calculation of Outlet 
Temperatures and Heat 
Transfer rate 

 LMTD method  
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If hm and cm are known with regard to the 

relationship tch QQQ  , three unknowns touthoutc QTT ,, ,,  

are calculated by solving simultaneous equations. 
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Substituting the equation (27) and (28) in (29) we have: 
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Outlet temperatures can be corrected by guessed 

temperatures in the physical properties. 
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 ε-NTU method [7-9] 
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These temperatures can be corrected by guessed 

temperatures in the physical properties. The difference 

between the amount of heat transfer calculated by the two 

methods LMTD and ε-NTU and the desired value (defining 

the problem), by reducing or increasing the number of tubes 

and fins and overall geometry Exchangers is minimal. 

 

III. Calculation of Pressure Drop 
 

finfinnon PPP                                                         (42) 

 

Where finnonP  is the pressure drop of tube bundle without 

fins and finP is the pressure drop caused by fins. 
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IV. Result 
 

Heat pipe heat exchanger design to determine the main 

parameters that can optimize the performance of this 

exchanger. Based on the design done in this paper it is 

studied the effects of various factors on exchanger 

efficiency. The plot of the efficiency of the evaporator and 

condenser velocity in two parts for copper and steel tubes in 

Fig 1, Variation of efficiency on heat pipe and the number of 

rows in Fig 2, Variation of efficiency of the heat pipe 

diameter and number of fins in Fig 3 and Variation of 

pressure drop and fluid velocity of the hot and cold sides of 

the evaporator and condenser in Fig 4 is displayed. 

 

 
Figure 1.  Variation efficiency than velocity in copper and steel 

heat pipe 

 

 
Figure 2.  Variation of efficiency on heat pipe and the number 

of rows 

 

 
Figure 3.  Variation of efficiency of the heat pipe diameter and 

number of fins 
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Figure 4.  Variation of pressure drop and fluid velocity of the 

hot and cold sides of the evaporator and condenser 

 

V. Conclusion 
 

The base design and diagrams shown, the effect of the 
main factors in optimizing heat pipe heat exchanger 
performance includes: 

 Heat pipe heat exchanger efficiency with copper 
pipes from 33.4 to 46.1 %, which is about 10 
percent higher than steel. The heat transfer rate is 
higher in copper pipes. Although the efficiency of 
copper pipes is higher, but are limited in 
temperatures above 200 oC. Therefore, taking into 
account the working pressure safety and limit, type 
of steel pipe for strength and its ability to heat 
recovery of hot gases is preferred. 

 In a mass flow rate specified maximum length and 
increasing the number of rows of tubes will increase 
efficiency. 

 The largest possible diameter pipes and increasing 
the number of fins for improved performance and 
efficiency during Pipe length. 

 The pressure drop of the heat pipe heat exchanger in 
the flow direction with increasing velocity directly 
related to the hot gas in boilers and furnace flue is 
important. 
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SL = 0.05 m 

ST = 0.055 m 

tf  = 0.004 m 
nf = 96 

Le = Lc = 0.6 m 
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