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Abstract

      This paper presents to calculate inside cylinder temperature 

response by the finite resistance-capacitance method.   By divide 

a material to many thin wall hollow cylindrical elements, each 

element assembles 2 parts of a conduction resistance and a heat 

capacitance. For calculate convection heat transfer on a surface 

area to fluid use a convection resistance. Using ELECTRONIC 

WORKBENCH software to calculate this finite resistance-

capacitance model and compare with analytical method to find   

temperature response errors.   On the calculation let an 

aluminum cylinder infinite high, 50 mm radius.  This cylinder 

initially at 200 oC has thermal conductivity 237 W/m.oC, density 

2702 kg/m3 and specific heat 903 J/kg.oC.  This object is placed 

suddenly in fluid at 50 oC. Estimate the convection heat transfer 

coefficient is 500 W/m2.oC. Calculating temperature at  25 mm 

depth from the surface by this software to 360 sec having an 

error result 0.43 %. From error results show that this finite 

resistance-capacitance model can be calculated by electrical 

theory which easy to use electrical software to solve in heat 

transfer response problem of complicated meterials in the future. 

Keyword: finite resistance-capacitance method, temperature 

response, inside cylinder temperature, hollow cylindrical element 
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.
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(Approximate solution) 

 n=1  Fourier number (Fo) 
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3.2.3

 n=1 

                          

                              (12) 

 CSC,cen - (J/oC)

3.3

[4]

                                      (13) 

 RConv -  (oC/W)

      h..   –  (W/m2.oC)

      As    -  (m2)

               As = 2 roLe  m
2
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              (14) 
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4.

(ro) 50 mm. 

(Ti) 200oC

(k) 237 W/m.oC, ( ) 2702 kg/m3

(Cp) 903 J/kg.oC

(T ) 50 oC (h) 500 W/m2.oC

4.1

     1.  Biot number (Bi)  (1) 

 ro( ) = 0.05                        m 

 Bi = 0.1054852320675 

 Bi  0.1 

2.  Fourier number (Fo)  (6) 

( ) = 9.71348896228(10-5) m2/s

         Fo            = 3.885395585(10-2)t

 Approximate solution (n=1) 

 Fo > 0.2  t > 5.14748101254 s 

      3. n  (5) 

 n=1 

 n=2 2

 Trial & error 

1 =   0.4533746319 rad 

      4.  C  (4) 

         C1 =   1.025893673 

      5. (x)

25 mm  (3) 

          r* = 25/50 = 0.5 

         Jo( 1r
*)= Jo(0.4533746319*0.5)=0.9871659888

* = 1.012727342Exp(-7.986374555(10-3)t) 

      6.

 1  25 mm 

(s) * (oC) 

180 0.24053242 86.0798632

240 0.14895920 72.3438794

300 0.09224886 63.8373292

360 0.05712875 58.5693123

420 0.03537923 55.3068849

480 0.02190999 53.2864979

4.2 -

1. (Le) 1 

m.

2.  16 

 1  15 

3. (re) 50/16=3.125 mm. 

(rt=r1=re)

3.125 mm. 

4.

   r2=r1+rt=2re=6.25mm.,

   r3=r1+2rt=3re=9.375mm.,…, 

          r16=r1+15*rt=16re=50 mm. 

       5.

(8) RSCCond0-1,inside radial=0 oC/W (7)
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 RHCCond1-2,inside radial=4.654759498(10-4) oC/W, RHCCond15-16,inside 

radial=4.334018843(10-5) oC/W

       6. (14)

 RCylConv,elm=6.366197723(10-3) oC/W

       7. (12) 

CSC0,cen=18.71384464 J/oC (11)  CHC1,inside=149.7107571

J/oC, CHC15,inside=2245.661357 J/oC (10)

CHC16,edge=1178.972212 J/oC

       8.  Work sheet 

 4  Timer 

switch 1 (Ti)  1 

(T )

       9. (V)

 Transient 

(T)

 25 mm 

 8  9 (n=8)  601 

(V) (T)  5 

 5 

0  601 

 2 

 2  25 mm 

(s) (oC) 

1+180 86.6515837

1+240 72.3981901

1+300 63.9140272

1+360 58.8235294

1+420 55.4298643

1+480 53.3936652

5.

(%Error) 

 2  1 

 3 

(s) Error(%)

180 0.664174475

240 0.075072902

300 0.120145863

360 0.434044895

420 0.222358157

480 0.201115168

 601 s  T

 Differential 

 Bessel function 
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