Heat Exchanger

The shell and tube heat exchanger is employed for heating a steady stream of fluid from an inlet temperature T1 to an exit temperature T2. This is achieved by continuously condensing a saturated vapor in the shell, maintaining its temperature at Ts. The heat balance on a differential element yields the following equation
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where D is the tube diameter, and 
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is the mass flow rate,. The heat transfer coefficient h is given by
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where  is the dynamic viscosity, and
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is the specific heat, and k the thermal conductivity of the of the fluid, respectively. These quantities are functions of temperature.

Write a program to calculate the required heat exchanger length, L for heating the fluid to the required exit temperature T2. Perform the calculations for carbon dioxide (CO2) as the fluid medium. Assume, for simplicity, that the fluid properties (given below) are constant. 
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Program Listing

!This is adapted from Applied Numerical Methods, Carnahan, Wilkes and Luther.

!The shell and tube heat exchanger is employed for heating a steady

!stream of fluid from an inlet temperature T_1 to an exit temperature T_2.

!This is achieved by continuously condensing a saturated vapor in the shell,

!maintaining its temperature at T_s. An energy balance for a segment of the

!fluid in the tube yields the ordinary differential equation given in the 

!hand out.Use the Runge-Kutta method to solve for the tube lenght required to

!heat the fluid to a given temperature T_2.


implicit real*8(a-h,o-z)


real*8 mdot, mu


integer runge


dimension temp(1), f(1), image(1500)


pi = acos(-1.0)


data mdot,t1,t2,ts,dia,cp,mu,cond/0.0028345,15.56,137.78,287.8,1.257,841.8,0.00002,0.03/


data h /0.001/ !(step size (m)


open (unit=15, file='f:\ae339\heat_exch.out', STATUS='REPLACE')

!


dia = dia/100.0 ! tube diameter in meters

!-----read and print data

!

!
calculate heat transfer coefficient

!


fac1 = 0.0232*cond/dia


fac2 = (4.0*mdot/pi/dia/mu)**(0.8)


fac3 = (mu*cp/cond)**(0.4)


htcoef = fac1*fac2*fac3

!

!
Initialize x, temp, and icount

!


x = 0.0


temp(1) = t1


icount = 0

!

!
call 4th order Runge-Kutta function

!

  11 k = runge(1,temp,f,x,h)
!The first entry indicates the

!number of simultaneous equation being solved. 

!

!
whenever k = 1, calculate derivative values

!


if(k.ne.1) go to 13


f = (pi*dia/mdot)*htcoef*(ts - temp(1))/cp 
!calculating f

 
write(15,200) x, temp(1)
!output


go to 11

!



!
if temperature exceeds t2, terminate integration

!

  13 if (temp(1) .le. t2) go to 11

!

200
format(1h, 7x, 2f8.3)


stop


end

!

!


function runge(n,y,f,x,h)

!

!



implicit real*8(a-h,o-z)


real*8 y, f, x, h


integer runge


dimension phi(50), savey(50), y(n),f(n)


data m/0/

!


m = m + 1


go to (1,2,3,4,5), m

!

!
pass 1

  1
runge = 1


return

!
pass 2

  2
do 22 j = 1,n


savey(j) = y(j)


phi(j) = f(j)

 22
y(j) = savey(j) + 0.5*h*f(j)


x = x + 0.5*h


runge = 1


return

!

!
pass 3

!

  3
do 33 j = 1,n


phi(j) = phi(j) + 2.0*f(j)

 33
y(j) = savey(j) + 0.5*h*f(j)


runge = 1


return

!

!

!
pass 4

!

  4
do 44 j = 1,n


phi(j) = phi(j) + 2.0*f(j)

 44
y(j) = savey(j) + h*f(j)


x = x + 0.5*h


runge = 1


return

!

!
pass 5

!

  5
do 55 j = 1,n

 55
y(j) = savey(j) + (phi(j) + f(j))*h/6.0


m = 0


runge = 0


return

!


end
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