Thermal Behaviour of Helix Bundle in a Traveling-Wave Tube
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Abstract

Average rf power of a traveling-wave tube (TWT) is restricted due to thermal management of helix slow-wave structure (SWS). In TWTs, the heat generated in the helix SWS is taken out through thermal conductive dielectric supports to the metal envelope. For uniform heat dissipation, thermal contact resistance between helix to support rod and support rod to metal envelope should be as minimum as possible. However, when two or more dissimilar metals are force fitted and or joined together heat drainage from source (SWS) is reduced due to increase in thermal contact resistances at the joints. This, in turn, restricts proper thermal drainage from the helix and, finally, causing destruction of the TWT. In this paper, authors have studied, thermal contact resistances and its effect on temperature distribution of a helix bundle both analytically and using commercially available CAD tools and, presented here, for a wideband high power TWT.
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INTRODUCTION

In conventional helix TWTs, helix SWS is supported with three dielectric support rods and the whole bundle is force fitted into an integral pole-piece cum barrel envelope (Fig. 1(a)) [1]. Due to different material properties, namely, thermal conductivity and surface smoothness at joints, contact resistance at the joints of dissimilar materials enhances and which in turn restricts heat dissipation form helix SWS [2]. In a TWT, due to solid cylindrical beam, losses in the helix circuit, helix interception current, etc, helix is being heated up and the heat is taken out through the support rods [3]-[4] and which is restricted due to enhanced thermal contact resistances. Thus, this thermal management problem of helix TWT restricts average output power of the TWT, affects stability and reliability and finally leads the TWT into destruction.

Moreover, these thermal contact resistances, specially due to improper surface finishing, further enhances in vacuum [1], [2]. In vacuum, heat transfer from helix to heat sink essentially occurs by conduction through the support rods and effect of convection and radiation are ruled out. Moreover, helix being a periodic structure, contact between helix to rod is discrete rather than continuous (Fig. 1 (a)). Hence, it is important to have very low thermal contact resistances at the several joints. 

In this paper, authors have studied thermal contact resistances at different joints analytically and their effects on helix temperature have also been presented. The analytical results have been compared with simulated results using commercially available CAD tools, namely, ANSYS and COSMOS.                               

ANALYSIS

 Contact resistances, arise at the joints of helix to rod and rod to envelope, are in series, for each individual rod (Fig. 1 (a)). Thus, equivalent contact resistance for all the three rods is parallel combination of equivalent series resistances of individual rod. Thus, the total thermal resistance can be given as [2]:

R total = RHelix  +  [ TCRHelix-Rod + RRod + TCRRod-Barrel ] / 3     

              + RBarrel + RBarrel-Ambient
                      (1)

Where, RHelix is helix radiation resistance, TCRHelix-Rod  is thermal contact resistance between helix to rod, RRod is rod radiation resistance, TCRRod-Barrel is thermal contact resistance between rod to metal envelop, RBarrel is radiation resistance of barrel. 

 Thus the equivalent thermal conductivity of helix, rod and metal envelope can be given as follows:
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Similarly, the equivalent conductivity of support rod and metal envelope is 
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Where, k1 (= 173 W/m0k) thermal conductivity of helix, k2 (= 60 W/m0k) that of APBN support, and k3 (= 19.5 W/m0k) for metal envelope. Thus, k = 45.55 W/m0k and k' = 14.72 W/m0k, respectively. Thermal resistance (TCR1) between helix and support rod joint can be given as:

         TCRHelix-Rod  = [image: image14.png]e



 = 0.00510 (m0k/W),            

                                                                            

                                                                            (4) and

TCR Rod-Barrel   =[image: image16.png]% A
2



 = 0.00651 (m0k/W)                      
                                                          (5)

Where, L is contact length of rod and its contact area with helix and envelope are A1 and A2, respectively. k and k' are equivalent conductivity of joint of helix to rod and rod to helix joint, respectively.     

Rate of heat transfer can be given as:
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where, T[image: image19.png]


 is ambient temperature, Ti is initial temperature and RTot is total resistance

Therefore, equivalent series resistance for each rod can be given as

        TCR Helix-Rod + TCR Rod-Barrel = 0.01167 (m0k/W) 
                                          

                                                                 (7)

and heat transfer rate, q' = 14138.817 W

Therefore, temperature of each support-rod, for helix temperature 2500C, can be obtained as using 
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                        T2 = 177.870C
               (8)

Now, similarly at metal envelop joint.
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                              T3= 84.780C
                   (9)
        

           

which is also simulated by the commercial software COSMOS and ANSYS based on finite element analysis (FEA)  and found the support rod temperature near about 176.80C and 1760C respectively (Fig.1(b)-(c)).

SIMULATION

The structure model has been simulated in ANSYS and COSMOS FEA software. The study has been made to calculate the thermal resistance between helix to dielectric support and rod to metal envelope. For the analysis, material properties of different materials are obtained from literature, available elsewhere [1]-[4]. For the analysis, helix temperature is assumed at 2500C, due to losses, interception currents, etc, and atmospheric temperature at 850C considered for some special applications.

RESULTS AND DISCUSSION

Structure model (Fig. 1) have been analyzed and simulated to predict temperature distribution at support rod and at metal envelope using ANSYS (Fig. 2) and COSMOS (Fig. 3-4). Results are closely agrees (Table-1). Thermal conductivity of helix (tungsten), support rod (APBN) and metal envelope (CuNi) are 173 (W/m0k), 60 (W/m0k) and 19.5(W/m0k) respectively.

However, for simplicity of the analysis and simulation, single turn of helix supported with three rods has been used though it is very much important to study for the whole length of the support rod and is in progress.

Table 1:  Comparison of analytical and simulated results

	  Parts
	Analytical
	ANSYS
	COSMOS



	Helix (applied)
	  2500C
	2500C
	2500C

	Support Rod
	  177.870C
	1760C
	176.80C

	Metal envelop
	  84.780C 
	850C
	960C
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Fig. 1. Analytical model (a), COSMOS model of single turn helix (b) and COSMOS model of multi turn helix (c), of helix supported with three rods in 

an envelope
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