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Abstract: This paper explores the feasibility of using the heat pipe for steam condensation. In this paper an 

attempt is  made to replace thousands of condenser tubes by hundreds of “Heat Pipes”.The design details of 

heat pipe, that is, material of heat pipe, heat pipe length, diameter of heat pipe for condensation purpose is 

described. The feasibility study was carried out for smooth operation of the heat pipe that is without ceasing 

during operation.  Experimental setup and results of steam condensation studies are presented. 
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I. Introduction 

Historical Development of heat pipes dates back 1942 when the first Patent for a heat pipe employing a 

capillary wick for pumping liquid against gravity was applied by Gaugler (1942) . In the words of Grover 

(1963,1964) who along his co-workers reinvented the „heat pipe‟ in 1963 , a heat pipe is a “… synergistic 

engineering structure which is equivalent to a material having thermal conductivity greatly exceeding that of any 

known metal…”. In other words , a heat pipe is a passive two –phase heat transfer device capable of transferring 

large quantities of heat with minimum temperature drop.In 1964 , RCA was the first commercial organisation to 

perform heat pipe research. Due to the its commendable ability to transport heat energy the use of heat pipe 

becoming popular, starting from space shuttles to electronic industry.(14) 

 

II. Literature Review 
The special features of heat pipes have made them attractive for use as heat pipe heat exchangers 

(HPHE). Dunn and Reay (1) in his book reported various applications of heat pipes viz. Heat pipes in energy 

storage system , Heat pipes in chemical reactors, Heat pipes for space craft applications, Energy conservation 

and renewable energy applications, Preservation of permafrost , Snow melting and deicing applications , Heat 

pipes for food industry applications , Heat pipes in medical and surgical technologies , Cooling of gas turbines  

Amir Faghri (4) described in his book the application of heat pipes for heat exchanger applications. He 

described the Heat pipe heat exchanger (HPHE)  is similar to a liquid-coupled indirect transfer type heat 

exchanger except that HPHE employs heat pipes or thermosyphons, which uses  the evaporation and 

condensation of a working fluid within the heat pipe as the major heat transfer mechanism from the high 

temperature to the low temperature fluid, and do not require an external pump to circulate coupling fluid. He 

also stated that most of HPHE‟s use thermosyphons because they have higher maximum heat transport capacity  

and are easier to manufacture than wicked heat pipes.  Faghri classified  HPHE applications into three main 

categories 

(i) Heat recovery in air Conditioning devices 

(ii) Heat recovery from the process exhaust steam to preheat air for space heating 

(iii) Heat recovery from the process exhaust steam for re-use in the process. 

  

Various research workers reported the application of heat pipes for   preheat combustion air  in fossil –

fired power plants and in process furnaces , the Heat exchanger using Heat pipes for heat exchange between 

metallic sodium and water, the   Heat pipe type Heat Exchanger  for use in combination with a fast breeder 

reactor ,  HPHE is the recovery of heat from exhaust gases in industrial plants,  heat pipe coolers for electronic 

cabinets.  

      L.L Vasiliev in 2005 (25) reviewed usage of Heat pipes in modern heat exchangers. He reported that, 

heat pipes are very flexible systems with regard to effective thermal control. They can easily be implemented as 

heat exchangers inside sorption and vapour-compression heat pumps, refrigerators and other types of heat 

transfer devices. Their heat transfer coefficient in the evaporator and condenser zones is 10
3 
– 10

5 
 W/m

2
 K, heat 

pipe thermal resistance is 0.01–0.03 K/W, therefore leading to smaller area and mass of heat exchangers. 

Miniature and micro heat pipes are welcomed for electronic components cooling and space two-phase thermal 

control systems. Thermal siphons ,Loop heat pipes, pulsating heat pipes and sorption heat pipes are the novelty 

for modern heat exchangers. Heat pipe air preheaters are used in thermal power plants to preheat the secondary–

primary air required for combustion of fuel in the boiler using the energy available in exhaust gases. Heat pipe 
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solar collectors are promising for domestic use.  But all these application are for energy recovery, air to air, air 

to gas exchanges and liquid to liquid only. Till now no application is made to condensate the steam using heat 

pipes. 

 

III. The Design Of Heat Pipe For Steam Condensation 

 An attempt made to use   heat pipes for steam condensation. For steam condensation, a heat pipe was 

designed .The line diagram of the heat pipe is  shown in Fig. 1 and design details are given below. (Patent  for 

this design is applied) 

 

Length of the Heat pipe = L = 4.3m 

 Length of evaporator section = Le = 2m 

Length of the condenser section = Lc = 2m 

Length of the adiabatic section = la = 0.3 m  

Tube is „K‟ type  Nominal Standard Size is 2 inch 

Outside diameter of the heat pipe = do = 2.125 inch=0.053975 m 

Inside diameter of the heat pipe = di=1.959 inch= 0.0497586 m 

Thickness of the heat pipe wall = t = 0.083 inch = 2.1082 x 10
-3 

m 

The heat pipe is a wickless, gravity assisted that is strictly it is a two phase   

closed  thermosyphon 

Vacuum  inside  heat pipe = 0.07 bar 

Hence  Saturation temperature for water inside heat pipe = 39.02 ° C                         

 

                                                                                                             Fig 1 

The steam incidents on the heat pipe evaporator surface at 100 º C. The evaporator will be  having the water 

at a pressure of 0.07 bar. At this pressure the boiling temperature of the water is 39.02 º C. Hence the working 

fluid inside heat pipe (water ) starts boiling . The vapors from the evaporator regions enters the condenser 

portion of heat pipe. This portion is maintained at a surface  temperature of 27  º C  with help of inlet cooling 

water. So the vapors which reached the top portion of the heat pipe will condense on side surface of the heat 

pipe by releasing heat gained at evaporator section to the cooling water. The condensate will flow down due to 

gravity. The cycle repeats as the  process go on.  

 

IV. 4.0 Design And Fabrication Of Experimental Set Up 
 

 

 The line diagram for the heat pipe based condenser  experimental set up is shown in Fig 2. Steam inlet 

entry to the condenser will be from the both sides as shown in the figure. The cooling water will be entered 

inside the condenser just above separator plate and exited from the top portion .The condensate  will be flooded 

to the bottom of the condenser. The heat pipes will be arranged in 80 x 80 , vertical , staggered arrangements. 

The plan of the arrangement of heat pipes  is shown in Fig .4 

                                                 

 
Fig 2.  Line Diagram of  Experimental Set up 

 

The actual fabrication of experimental set up shown in Fig3. The experimental set up consists a steam 

generator , heat pipe based condenser , connecting pipes and instrumentation.  
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Heat Pipe Based Condenser 

 

 

                                                           Connecting piping            Steam Generator 

Fig 3. Total Experimental Set up. 

 

V. Experimental Results 
 The steam from the boiler at a temperature (> 110 º C) is fed into the heat pipe based condenser. This 

steam  condensates in the condenser with help of heat pipes  and water is  collected from the bottom of the 

condenser (Shown in Fig 4).The temperature of the condensate is around 40 º C. 

 

                                    
                                                               Fig 4  : Condensate outflow 

 

VI. Analysis Of Experiments 
          Steam generator is loaded with electrical heaters. The experiment conducted for one hours after initial 

heating of feed water. 

 

Power consumed during the one hour  = 11.73 KWH 

 Steam pressure maintained  = 1.4 bar 

Temperature of steam = 100 º C   

Boiler efficiency considered  is 80 %  

Hence steam produced will be 15 kg /hr 

The steam produced is superheated and throttled before entering into the condenser. 

The condenser is built with 16 heat pipes which are described earlier. 

The condensate collected is 13 lit in one hour. 

Like this three experiments were conducted and results are shown as below. 
Experiment No Steam Inlet Temperature in º C Steam inlet Pressure in Bars Condensate collected in Liters 

1 106 0.22 11 

2 126.6 0.26 12 

3 164.5 0.41 13 

 

The graphical representations are as below. 

 

 

 

 

 

 



Heat Pipes For Steam Condensation 

www.iosrjournals.org                                                             19 | Page 

 
 

VII. Coclusion And Usefulness To Power  Plants 
This experiment  proved that Heat pipes can  be used for steam condensation  purpose. Due to the 

usage of heat pipes, there will be considerable reduction in the heat transfer surface area. Hence number of tubes 

carrying cooling liquid will be reduced which results easy of operation and low maintenance problems in Power 

Plant Condensers. 
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