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Abstract— The high power electromagnetic waves need 

waveguides to be transmitted from one point to another. 

Waveguides are practical only for signals of extremely high 

frequency, where the wavelength approaches the cross-

sectional dimensions of the waveguide. As these waves 

travel along the waveguide, the temperature in these 

waveguides increases due to loss of electromagnetic wave 

particularly Radio Frequency (RF) Microwaves. This 

temperature rise can cause its distortion in shape, and the 

dielectric properties of copper may be affected. This will 

affect the proper functioning of waveguide. The purpose of 

waveguide will be violated.  Thus it is necessary to cool the 

waveguide. In this paper various mechanical aspects related 

to cooling of waveguide are proposed. 
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I. INTRODUCTION 

Waveguides are hollow conducting metallic structures 

which guide electromagnetic wave along them. They are 

used for transmitting high power electromagnetic waves 

from source to destination [1]. They are used in nuclear 

fusion power plant, satellite communication and in other 

high power applications. As the waves travel power is loss 

along the structure. Due to this power loss temperature of 

waveguide rises. This may cause its failure. To avoid this 

failure, it is necessary to keep the temperature of wave guide 

within the range of 300K-335 K.  

A. Thermal Effects 

The high power Electromagnetic wave losses some of its 

energy while flowing through the waveguide structure, this 

power loss while transmission  through wave guide leads to 

heat generation. The value of heat generation is found by 

using HFSS Module of ANSYS. Heat generation is nothing 

but rise in a temperature of wave guide. This rise in 

temperature can be calculated as, 

ΔT=
W

SxH
………… [3] 

In the above equation, W is power loss in waveguide per ft., 

S is surface area= perimeter*length= 2*(a + b)*l, where ‘a’ 

is the width of waveguide structure, ‘b’ is the height and ‘l’ 

is length of waveguide structure, H is the convective heat 

transfer coefficient. 

1) Thermal Properties 

Properties Metric Imperial 

Specific heat capacity (@ 

20.0 °C/ 68.0°F) 
0.385 J/g°C 

0.0920 

BTU/lb°F 

Thermal conductivity (@ 

20.0°C/ 68.0°F) 

383 - 391 

W/m-K 

- 2710 BTU-

in/hr-ft2 °F 

Table 1. Thermal Properties of Waveguide structure 

B. Fluent Analysis 

To maintain the temperature of wave guide Water channels 

are used. For the effective cooling, factors like channel 

cross-sectional area, flow rate of water, and position of 

cooling channel are important in design. Temperature rise  

results are compared for rectangular and circular cross 

sectional area. Rectangular cross section is more effective 

than a circular cross section as they have better heat transfer 

rates. 

 Different Rate of cooling (temperature difference) are 

obtained per ft. for cooling channel cross sectional area 

of 2x2mm, 3x3mm, 4x4mm, 5x5mm & 6x6mm. 

 Required flow rate can be calculated as 

Q=
𝑊

𝜌𝐶𝑝𝛥𝑇
………….. [3] 

Where, ρ is density of water, Cp is specific heat of water 

and ΔT is rise in temperature of water.  

C. Position Of Cooling Channel 

Electromagnetic waves are cyclic and transverse in nature, 

their amplitude are zero at the ends and maximum at the 

center. Thus corresponding heating effect is also zero at the 

ends and maximum at the center. For this reason cooling 

channels are provided at the center of the waveguide 

structure [2]. 

II. MATERIAL AND METHODOLOGY 

A. Material 

Waveguide material used here is OFHC-Copper (Oxygen-

free high conductivity Copper) 

1) Physical Properties 

Properties Metric Imperial 

Density 8.90 g/cm3 0.322 lb/in3 

Melting point 1083°C 1981°F 

Table 2. Physical Properties 

2) Mechanical Properties 

Properties Metric Imperial 

Modulus of elasticity 
117 

GPa 

17000 

ksi 

Poisson’s ratio 0.31 0.31 

Shear modulus 44 GPa 
6380 

ksi 

Fatigue strength (test specimen: 

annealed 25 mm diam. Rod) 
67 MPa 

9720 

psi 

Table 3. Mechanical Properties 
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B. Methodology 

 
Fig. 1: Flow Chart of Approach 

Following steps are followed while designing the cooling 

system for waveguide structure 

a) Calculating Heat Generated In Wave Guide 

Structure 

The high power Electromagnetic wave loses some of its 

energy while flowing through the waveguide structure. This 

Power loss while transmission through wave guide leads to 

heat generation.  

b) Finding Feed Rate Of Water  

For efficient working, the system must work at constant and 

stable temperature. As there is continuous power loss and 

corresponding heat generation appropriate cooling is 

required, this is achieved by managing sufficient flow of 

distilled water as a cooling medium.  

c) Reducing Temperature 

High temperature will make the system unstable by 

deviating the required property of electromagnet thus 

cooling the structure at this temperature and stabilizing it is 

mandatory in order to achieve desired magnetic property. 

d) Thermal Stresses    

As temperature drops from around 1000 K to 310-350 K 

within very short time, material experiences stress which 

needs to be determined. This will be calculated analytically 

and also will be found through the software to compare the 

results. 

e) Analysis By Ansys     

Simulation will be performed on designed system to check 

suitability.  Power loss will be found in HFSS. Temperature 

and thermal stress distribution and corresponding pressure 

and velocity relation will be found through Ansys. 

Comparison of calculated value 

C. Design Constraints 

1) Dimensions Of Wave Guides 

Dimensions of wave guide are fixed for a particular 

frequency. This results in reducing the losses in W.G. 

Structure. 

2) Material Of Wave Guide Structures 

OHFC Copper is used (Oxygen-free high thermal 

conductivity copper) in this project. Copper is required due 

to its good electrical conductivity required due to its good 

electrical conductivity properties. OHFC Copper has the 

benefit of pure copper as wall as its oxygen free properties 

restrains it from corroding at very high temperature. 

3) Fluid Used For Cooling 

Pure and distilled water has been assumed as cooling fluid. 

Study of other fluids which can replace water and can be 

eco-friendly as well as cost efficient are in progress. The 

maximum discharge of the fluid used should not be more 

than 10Lpm (Liters per minute).The maximum pressure 

should be not more than 4-5 bar. The temperature of 

waveguide should not rise above 333-343 K. 

III. RESULTS AND DISCUSSION 

A. Rectangular And Circular Cooling Channel 

Size 

(mm) 

Temperature difference(K) 

Calculated Analysis 

2x2 351.779 217.3 

3x3 156.013 109.2 

4x4 87.8 74.49 

5x5 56.19 49.37 

6x6 39.012 33.52 

Table 4.  For Rectangular cooling channel with velocity 0.1 

m/s 

 
Fig. 1: For circular cooling channel 

For rectangular cooling channel considering the 

velocity of 0.1m/sec to be constant and taking the dimension 

of cooling channel as 2x2mm, the temperature difference at 

the inlet and outlet of cooling fluid analytically was found to 

be217.3K and by calculation the difference obtained was of 

351.779K. Similarly different values of temperature 

difference was calculated for 3x3, 4x4, 5x5, 6x6 and 

compared analytically. For cooling channel of 6x6mm, 

keeping the velocity of 0.1m/sec constant the temperature 

difference calculated was of 39.012K and analytically 

obtained value was 33.52K. 

Pipe size (mm) 
Temperature difference (K) 

Calculated Analysis 

3 198.95 112.3 

4 111.9 71.6 

6 49.73 47.63 

Table 5. For Circular cooling channel with velocity 0.1 m/s 

 
Fig. 2: Graph 2 For circular cooling channel 
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For circular cooling channel considering the 

velocity of 0.1m/sec to be constant and taking the dimension 

of cooling channel of ϕ3mm, the temperature difference at 

the inlet and outlet of cooling fluid analytically was found to 

be 112.3K and by calculation the difference obtained was of 

198.95K. Similarly different values of temperature 

difference was calculated for ϕ 4 and ϕ 6mm cooling 

channel and compared analytically. For cooling channel of ϕ 

6mm, keeping the velocity of 0.1m/sec constant the 

temperature difference calculated was of 49.73K and 

analytically obtained value was 47.63K. 

B. Analytical & Calculated Results 

1) Power Loss 

a) Analytical Calculation 

∝𝑐=
𝑅𝑠∗[1+

2𝑏

𝑎
∗(

𝑓𝑐

𝑓
)

2
]

ŋ𝑏[1−(
𝑓𝑐

𝑓
)

2
]0.5

……………(1) 

Where Rs= Surface resistance =√
ωμ

2σ
  

Where, 𝜔 = cut-off frequency=2 π𝑓=2*π*3.7*109 

𝜇 = resistance=4*π*10-7 

𝜎 = conductivity of medium=58*106 

  ∴ Rs=0.015869 

a=width of waveguide= 2.84 inch 

b=height of waveguide= 1.34inch 

ŋ = 120 π 

fc= 
3∗108∗π

2π∗a
 Hz= 2.079*109Hz 

f=frequency (RF)= 3.7 GHz 

 Attenuation is, 

 ∝𝑐 = 1.94x10-3 Np/m 

      =5.91319x 10−4 Np/ft 

   ∴ 𝑥 = 𝑒−2𝛼𝑐𝑍=0.99881watt 

Where, z= distance of waveguide travel =1ft. 

Power move forward = 0.99881watt/ft 

Power loss = 1-0.99881 = 1.181938x10−3watt/ft 
For power of 1 watt, 

Power loss =1.181938x10−3watt/ft 
For power of 500KW, 

Power lost = (500 x 103) x(1.181938x10−3) 

                 = 590.976watt/ft 

b) Analysis Result (Ansys) 

By analysis power loss in waveguide is 595W/ft 

2) Temperature Rise 

a) Analytical Calculation 

Surface area per ft = 2*(2.84+1.34)*
24

2
  

                                   = 100.32inch2/ft 

Convective heat transfer coefficient, 

                h = 0.003225watt/inch2K 

Temperature rise = 
𝑃𝑜𝑤𝑒𝑟 𝑙𝑜𝑠𝑡/𝑓𝑡
𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎

𝑓𝑡
∗h

  = 
590.97

100.32∗0.003225
 

                                = 1826.10 K/ft 

b) Analysis Result (Ansys) 

Temperature rise = 2500K/ft 

3.2.3 Flow Rate 

Flow rate of water for cooling the waveguide is calculated 

as follow 

H=Power lost to the waveguide = 585.95 watt/ft 

Cp=specific heat = 4200J/Kg°C 

𝜌 =Density = 1000Kg/𝑚3 

a= cross sectional area of cooling channel 

dT= Temperature difference  

a= Q = V*a = 
H

Cp∗ρ∗d T
 = 

590.97∗2

4200∗1000∗dT
 

              0.1*(0.002*0.002) = 
590.97

4200∗1000∗dT
 

         dT = 
590.97

4200∗1000∗(0.002∗0.002)∗0.1
 

         dT = 351.779K/ft 

IV. CONCLUSION 

As the cross-sectional area of circular cooling channel 

increases from diameter 3 to 6 mm the temperature 

difference between inlet and outlet of fluid reduces from 

198.95K to 49.73K. Thus the heat transfer rates increases as 

the cross sectional area of cooling channel is increased. 

Similarly in rectangular cooling channel, with the increase 

in cross sectional area from 2x2 to 6x6 mm the heat transfer 

rates are simultaneously increased and temperature 

difference is reduced from 351.779K to 39.012K. Thus 

better heat transfer takes place. However taking into 

consideration the design constraints of limiting the 

maximum discharge to 10 Lpm and inlet pressure to 4 bar. It 

is not feasible to provide the cooling channel of maximum 

dimensions always. Thus an optimum cooling system should 

be selected which would fit all the constraints and also 

provide cooling to the structure effectively. 

ACKNOWLEDGEMENT 

We are thankful to Dr. Vikas Gupta & Prof. Harish Dixit for 

their guidance and for giving an opportunity to work on this 

project 

REFERENCES 

[1] David M. Pozar, “Microwave engineering”, Third 

edition. 

[2] N. Marcuvitz, “Waveguide Handbook”. 

[3] R. S. Khurmi & J. K. Gupta, “Thermal Engineering”, S. 

Chand & Company Pvt. Ltd. 

[4] ANSYS User Manual.  


