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73851 - HEAT TRANSFER THROUGH A MULTILAYERED CYLINDER
This program calculates the rate of heat flow through a multilayered cylinder.
Both convective and conductive layers are considered.

9100B ONLY

73852 - TRANSIENT CONDUCTION IN A SLAB
Given the initial temperature of a slab and a fluid, this program determines the

temperature (as a function of time and distance) of the slab as it is immersed into
the fluid.
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This program determines the rate of heat flow per unit length through a multilayered cylinder. It has

practical application wherever fluids of different temperatures are separated by a cylindrical surface since

both convective and conductive layers are considered.

The basic equation is:

q = UnA (A T)
where
A=27m - r L ,
o
and
1
U =
n r r r In [Tol r In/%o2
0 0 N
+ +.....+ - + - Foe e
rohy Teahp i1 i2
1«:1 k2
Nomenclature
Un - Qutside over-all heat transfer coefficient
r0 - Qutside radius of the cylinder
kn - Thermal conductivity of a conductive layer
*om Qutside radius of a conductive layer
ino T Inside radius of a conductive layer
hn - Film coefficient of a convective layer
on Radius to a convective surface
AT - Temperature difference (inside - outside)

- Heat transfer rate

Reference: Heat Transfer, Alan J. Chapman, Macmillan Company, New York, 1967.
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PRESS: CONTINUE

Have
all layers
been entered?

PRESS: SET FLAG

# PRESS: CONTINUE

DISPLAY
0 zZ
q/L Y
Q ——— X

—¢— To run another problem
9 .

USER INSTRUCTIONS EXAMPLES
A,
PRESS: END r, = .8331t, T, = 100°F
- _ o
ENTER PROGRAM: (Starting Address is 0-0) Ty = . 6671t T; = 500" F
ryo=. 500 ft.
PRESS: END h, = 300 Btwhr. fit. 2 op
— PRESS: CONTINUE k, = 40 Bww/hr, it. °F
= o
DISPLAY kg = .10 Btw/hr. ftz. F
h, = 6 Btw hr. ft.” °F
0 — 7 4 LAYER PROBLEM
0O ————Y
0 — X
A
ENTER DATA: ry —Z, To — Y, Ti — X
PRESS: CONTINUE
# DISPLAY .I:
o)
0 —  Z n is the
0 layer to
be entered
n ————————X
Convective
ENTER DATA: For conductive layer Layers
k—+»Z, r Y, r —+X /
on in
A For convective layer o
0—+2Z, h—=Y, r —+X T
cn 0
NOTE: A convective layer is considered very
thin and only the radius to the convection h 4 Conductive
surface is entered, Layers

DATA ENTRY: ,833 — Z, 100 —& Y, 500 & X

Layer X Y Z
1 . 500 300 0
2 . 500 . 667 40
3 . 667 . 833 .10
4 . 833 6 0

Results: q/L = 1031.558 Btu/hr, ft,

B. Same as above except kg = .01 Btwhr. it. °F
(Better insulation),

Results: g/L =112, 008 Btu/ hr, ft,
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This program calculates, as a function of time and position, the temperature of a plane in a slab which

has been heated to an initial temperature and then placed in a fluid of a different temperature. This is equivalent
to plunging a heated bar into a quenching medium. The program assumes the slab is infinite, therefore, the
problem involves one dimensional transient conduction.

The temperature of the fluid is taken to be zero and used as a reference. For example, if the tempera-
ture of the fluid is actually 40°F and the slab is initially at 100°F, the user would input 60°F (100 - 40) as the
initial temperature of the slab, The actual temperature of a plane in the slab at a later time is then the calcu-

lated value plus 40°F (see example B).

A
N
r

| > +X
X=0
+ X=L
The temperature is described by ©
© _>\2aT sin (A L)
T = 2T > e n . cos(xnx)
°© n=1 )an+sin ()an)cos(XnL)

where )\n is the nth root of

()an)tan ()an) -Ng, = 0

and Ny, is the Biot modulus (NBi =h L/k) .

Reference: Heat Transfer, Alan J. Chapman
Macmillan Company, New York, 1967,
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Nomenclature:
T0 - Initial temperature of the slab
a@ - Thermal diffusivity of the slab
- Thermal conductivity of the slab
h - Film coefficient
L - One-half the width of the slab
T - Independent time variable
X - Independent space variable
T - Dependent temperature variable
Tf - Temperature of the fluid
NOTES: 1. The program performs the summation until adding the next term changes it less than 10-5. To

change this tolerance go to location (-5)(d) and enter the desired exponent.

The calculation of the roots ()an) may be seen by placing a PAUSE at location (1) (¢). The root ( )\nL)
is displayed in the X register as the solution converges. Place a STOP at location (4)(1) for a display

of the calculated root in the X register,

The execution time is about two minutes,
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USER INSTRUCTIONS EXAMPLES
SET: [ |RADIANS A.
NBi =20
; PRESS: END To - 120°F (Tf _ OOF)
ENTER PROGRAM: Side A followed by Side B L =.4ft,
- 2
—» PRESS: CONTINUE a =.02ft.%nhr.
T =1hr.
DISPLAY X = .1ft
Results o
0——72 T =105,49"F
00— Y n =4 ~
C ter
X X =.1ft. ,I\I?S;Ztlllm
ENTER DATA: N,. —»Z, T —»Y, L—»X
Bi 0 B
PRESS: CONTINUE NBi = 20
e . o}
—» DISPLAY Temperature of the slab initially is 180" F
Temperature of the fluid is 30°F
a o o_ o
0 7z T0 = 180" - 30" =150"F
0 v L = .4 ft, 5
9 X a = ,02ft, “/hr.
T = 1hr.
X = ,1ft,

ENTER DATA: @ 27, T Y, X —»X

PRESS: CONTINUE

Results o
DISPLAY T = 131,87 F
n = 4
T z n is the number X = ,1ft,
n y | of terms used Actual temperature is T + 30°F = 161, 87°F

in the summation

To re-run problem with different X, T, or q

-¢- PRESS: CONTINUE

To run new problem:

~«—PRESS: END

NOTE: Any consistent set of units may be used.
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