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NOTICE

The program material contained herein is supplied without
representation or warranty of any kind. Hewlett-Packard
Company therefore assumes no responsibility and shall
have no liability, consequential or otherwise, of any kind
arising from the use of this program material or any part
thereof.



1.

INTRODUCTION

This HP-41C Solutions book was written to help you get the most from your calculator. The programs were chosen to
provide useful calculations for many of the common problems encountered.

They will provide you with immediate capabilities in your everyday calculations and you will find them useful as guides to
programming techniques for writing your own customized software. The comments on each program listing describe the approach
used to reach the solution and help you follow the programmer’s logic as you become and expert on your HP calculator.

KEYING A PROGRAM INTO THE HP-41C

There are several things that you should keep in mind while you are keying in programs from the program listings provided
in this book. The output from the HP 82143A printer provides a convenient way of listing and an easily understood method of
keying in programs without showing every keystroke. This type of output is what appears in this handbook. Once you understand
the procedure for keying programs in from the printed listings, you will find this method simple and fast. Here is the procedure:

At the end of each program listing is a listing of status information required to properly execute that program. Included is
the SIZE allocation required. Before you begin keying in the program, press (XEQJ (ALPHA ] SIZE [ ALPHA | and specify the allo-
cation (three digits; e.g., 10 should be specified as 010).

Also included in the status information is the display format and status of flags important to the program. To ensure proper
execution, check to see that the display status of the HP-41C is set as specified and check to see that all applicable flags
are set or clear as specified.

2.  Set the HP-41C to PRGM mode (press the key) and press [l (670 (2] (=] to prepare the calculator for the new
program.

3. Begin keying in the program. Following is a list of hints that will help you when you key in your programs from the program
listings in this handbook.

a. When you see “ (quote marks) around a character or group of characters in the program listing, those characters are
ALPHA. To key them in, simply press , key in the characters, then press again. So “SAMPLE " would
be keyed in as (ALPHA]“SAMPLE " [ALPHA].

b. The diamond in front of each LBL instruction is only a visual aid to help you locate labels in the program listings.
When you key in a program, ignore the diamond.

c. The printer indication of divide sign is /. When you see / in the program listing, press =].

d. The printer indication of the multiply sign is % . When you see % in the program listing, press (X].

e. Thel-character in the gogram listing is an indication of the (APPEND] function. When you see |-, press @ (aPpEND) in
ALPHA mode (press and the K key).

f.  All operations requiring register addresses accept those addresses in these forms:
nn (a two-digit number)

IND nn (INDIRECT: [ , followed fy a two-digit number)
X,Y,Z, T, orL (a STACK address: (] followed by X, Y, Z, T, or L)
IND X, Y, Z, T or L (INDIRECT stack: @8 (] followed by X, Y, Z, T, or L)
Indirect addresses are specified by pressing @ and then the indirect address. Stack addresses are specified by
pressing (<] followed by X, Y, Z, T, or L. Indirect stack addresses are specified by pressing @(=] and X, Y, Z, T, or L.
Printer Listing Keystrokes Display
@1eLBL ~SAM @ (C80) (ALPHA) SAMPLE 01 LBL" SAMPLE
P tHIS Is THIS IS A 02"THIS IS A
A - (ALpra ) [l (APPEND) SAMPLE 03" +- SAMPLE
.83 "HSANMPLE @ AVIEW 04 AVIEW
84 AVIEMW 6 056
a5 6 06 ENTER /
96 ENTERT
er -2 2 07 -2
es - 08 /
o 8BS wD (xEq) (atPHA) aABS (ALPHA) 09 ABS
Lo O L 10 STO IND L
1 aneL o3 r3= @ (Arcy) 03 11'R3=
13 AVIEW @ (aview) 12 ARCL 03
14 RTHN 13 AVIEW

RTN 14 RTN
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Converts between energy, potential energy and pressure - volume work.
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The air-fuel ratio on a mass and mole basis is found.

HEAT TRANSFER THROUGH COMPOSITE CYLINDERS AND WALLS

Calculates the heat transfer coefficient.

VON KARMAN ANALOGY FOR HEAT AND MASS TRANSFER , ., |,

If any of the transport coefficients f, h, or ko are known, the
others can be found.

EQUATIONS OF STATE [ ] [ ] [ ] L} L} L} L} L} L] L} L] L] . L} L] L]

Uses both ideal gas and Redlich-Kwong equations and provides inter-

changeable solutions.

REVERSIBLE POLYTROPIC PROCESS FOR AN IDEAL GAS , ,

May be used to solve interchangeably between pressure ratio,
volume ratio, temperature ratio, and density ratio.

CONDUIT FLOW [ ] . L} [ ] L] L} . L} . . L} 1] L} L] L] L] L} L] ]

Solves a variety of problems involving viscous conduit flow.

FLUID TRANSPORT NUMBERS ., , . v v v v « &+ v o & +

4 programs that solve for the different transport numbers.

SINGLE STAGE EQUILIBRIUM FLASH CALCULATION , , ., ,

Calculates the composition of liquid and vapor streams from a flash

vessel.

WEAK ACID/BASE TITRATION CURVE '+ « + v v 4+ + 4+ 4 &

Calculates the pH of weak acid or base solutions with up to 4
dissociation constants.

* Requires one additional memory module
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STRAIGHT FIN EFFICIENCY

This program evaluates fin efficiency. Given the number of fins per unit
of surface length and the temperature difference, the total heat transfer
can also be found.

n, =tanh @)
£ y

Equations:

3
y = (L + x/2) & v 2h/kxL

q =h[(l-N_ %) +nN__ (2L + x)]AT

where n_ is fin efficiency;

f
L is fin length;
x is fin thickness;
h is the convective coefficient;
k is the conductive coefficient;
N is the average number of fins per unit length of surface area;
q is the total heat flux per unit area;
T is the temperature of the base of the fin;

T, is the fluid temperature.



Remarks:

Dimensional consistency must be maintained.

Example:

The oil pan of a race car is to be cooled by adding aluminum fins (k = 133
Btu/hr - °F - ft). The convective coefficient is about 50 Btu/hr - °F - ft2.
The fins are to be 0.1 inch thick, 0.5 inches long and average 15 per foot.
If To is taken to be 300°F and T, is 110°F, what is the total heat transfer?
What is the heat transfer without any fins?

Keystrokes: Display:
[USER] (set USER mode)
[XEQ] [ALPHA] SIZE [ALPHA] 008

[XEQ] [ALPHA] FIN [ALPHA] H?

50 [R/S] K?

133 [R/S] X?

0.1 [ENTER+] 12 [+] [R/S] L?

0.5 [ENTER+t] 12 [+] [R/S] NF=0.94
[R/S] NA?

15 [R/S] DELTA T?
300 [ENTER+] 110 [-] [R/S] Q=20,537.02
(Al NA?

0 [R/S] DELTA T?

300 [ENTER+] 110 [-] [R/S] Q=9,500.00



User Instructions

SIZE: 008
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1| Load program and set USER mode [USER]

2 | Begin execution and input data [XEQ] FIN H?
convective coefficient h [R/S] K?
conductive coefficient k [R/S] X?
fin thickness X [R/S] L?
fin length L [R/S] NF=

[R/S] NA?
Nave [R/S] DELTA T?
AT [R/S] Q=

3| To make a change in Nyye and/or AT [A] NA?

Nave [R/S] DELTA T?
AT [R/S] Q=




Program Listings

G1+LEL “FIH 21 +
" Initialization 52 #*

G2 FIx 2 53 1

82 DEG S4 HK{=Y7
G4 “H7- 55 @

85 PROMPT 56 -

Be STO a3 v "DELTR T
a7 “K7- 7

62 PROMPT 58 PROMPT
B9 STO B2 59 RCL @4
18 =x7- &8 RCL 91
11 PROMPT &1 +

12 =2 &2 ENTERT
13 - &3 +

14 STO @1 &4 RCL 9&
i5 L7 &5 *

16 PROMPT 66 RCL @5
17 STO B4 7 o®

12 RPCL &1 b - - - - - - - _ &2 RCL 81
19 + n &9 EMTERT
20 SORT : 7e +
21 LASTH 71 RCL 86
22 * T2 o*®

27 RCL @3 2 CHS

Z4 RCL @z ¥4 1

3 oo+

26 RCL @i TE o+
27 - P
22 RCL a4 78 RCL a3
=9 - T9 *

30 SERT 20 “@=-
31 * g1+LEL d
22 STO av 2 ARCL ¥
23 ETH 83 AVIEW
Z4 ATAH 24 STOP
35 ENTERT 85 RTH

I6 + g6 .EHMD.
=7 98

5 -

39 SIH

48 RCL 87 90

41 -

42 STO @S5

432 “HF=-

44 KEQ o

45«LEL A - - - - - - - -

46 “HAT" Q

47 PROMPT

42 STO 86

49 RCL 91

S8 ENTERT 50




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 50 SIZE 008 = TOT. REG. _025 USER MODE
x/2 ENG FIX —2  sCl oN _X__OFF
tlf DEG RAD GRAD
L FLAGS
05 [n¢ 55 INIT
Nave # SIC SET INDICATES CLEAR INDICATES
temp. storage NONE
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95




STRAIGHT FIN EFFICIENCY HEWLETT PACKARD
SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 18 CHEMICAL ENGINEERING

ROW 1 (1 - 4

- 8




CONSERVATION OF ENERGY

This program converts kinetic energy, potential energy and pressure-volume
work to energy.

Equation: 2 2
v, B BV P, E
et bt =t Y
where V is the fluid velocity;
z is the height above a reference datum;

P is the pressure;

E is an energy term which could represent inputs of work or friction
loses (negative value);

g is the acceleration of gravity;
p is the fluid density;
m is the mass flow rate (assumed to be unity);

subscripts 1 and 2 refer to upstream and downstream values respectively.

Example:

A water tower is 100 feet high. What is the zero flow rate pressure at the
base? The density of water is 62.4 1b/ftd.

Keystrokes: Display:

[USER] (set USER mode)
[XEQ] [ALPHA] SIZE [ALPHA] 009

[XEQ] [ALPHA] ENG [ALPHA] DENSITY?

62.4 [R/S] v?

0 [R/S] Z?

100 [R/S] P?

[R/S] E?

0 [R/S]

[C] P=43.33



I1f water is flowing out of the tower at a velocity of 10 ft/sec, what is
the static pressure?

Keystrokes: Display:
[XEQ] [ALPHA] ENG [ALPHA] DENSITY?
62.4 [R/S] v?

10 [CHS] [R/S] Z?

100 [R/S] P?

[R/S] E?

0 [R/S]

[cl P=42.66



User Instructions

SIZE: 009
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Load program and set USER mode [USER]
2 Begin execution:
for English units [XEQ] ENG DENSITY?
for SI units [XEQ] SI DENSITY?
3 | Input data+ o [R/S] V?
' [R/S] Z?
z [R/S] P?
P [R/S] E?
E [R/S]
4 | To find:++
velocity [A] V=
height [B] Z=
pressure [C] P=
energy [D] E=

+Downstream values should be input as

negatives. However, when an output is

called for, the calculator displays the

relative value with no regard to upstream

or downstream location.

++"DATA ERROR" will result when the total

energy sum stored in register 8 is nega-

tive and an attempt is made to calculate

velocity.
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Program Listings

a1+l BL "SI

az
a3

3

a4
as
86
ay
a3
a9
16

CF ag
"DENSITY

FEOMPT
STO a4
CLx

ST ag
9.88:c85
5TO B85
GTO aa

11+«LEBL "EHG

12
13

14
15
16
17
18
19
za
21

SF ae
“DENSITY

PROMPT
ST a4
CL=

STO as
Trg. 16
STO a5
32.17

STO 8o

Z2+LBL Q@

23
24
25
26

Yoo s Il L) I o I

(ol G Tod o] ) Caf G ()

£pp
M= 3

£ b
DU I Y

5
l:f'l

47

48«LEL A

CL=
SR E-RE

PROMFT
EHTEET
ABS

PROMFT
ENTEET
RCL Ao
&

ST+ Aag
CL=

s Fi-? e
PROMFPT
ENTEET
FC? B8g
GTO B9aa
144
STa a7
b

[

SI constants

English
constants

Initialization

49

RCL @4
58 -
51 FC? @ag
52 GTO aa
53 RCL A&
54 *
S5«LEBL B8
56 ST+ @8
a7 CL”

58 "EP?"
59 PROMFPT
&8 EMTERT
&1 FC? @8
&2 GTO QG
&3 RCL a5
&4 *

&5 RCL 8c&
66 *
e7+LBL @i
62 ST+ @&
&9 STOF
ra+«LBL A
v1 RCL 9&
==

T3 ok

74 SQRT
v o v¥=-
76 GTO d
77+LBL E
v8 RCL @
¥9 RCL @&
g8 -

g1 =Z2=-
82 GTO 4
g83eLBL C
84 RCL A=
€5 FC? 84
86 GTO ©a
&7 ECL v
gg -
29«LEL 8a
98 RCL a4
21 *

[z "“pP="
93 FC? 9Qa
94 GTO d
35 RCL Be&

-
-~

=)

v GTO d
SeLEL I
9 '.E=n

'.C"\D‘-D‘-.I'."'D'

Velocity

Pressure




Program Listings

100
181
182
103
104
185
166

ECL
FC?
GTO
RCL
P

RCL

-~

1a7«+LEBL
ARCL =
AVIEW

108
189
1190
111

STOP

S
BE
o]

a5

ae

d

- END.

Display

20

30

40

50

51

60

70

80

90

00

11
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 50 size _009 TOT. REG. __038 USER MODE
ENG FIX —2_ scl ON _X_ OFF
DEG RAD GRAD

p
05| 778.16 55 INIT FLAGS

o # SIC SET INDICATES CLEAR INDICATES

114 00 ENGLISH ST

ZE

temp storage
10 60
15 65
20 70
25 75
30 80
35 85

ASSIGNMENTS
FUNCTION KEY FUNCTION KEY

40 90
45 95
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CONSERVATION OF ENERGY HEWLETT PACKARD
SOLUTION BOOK:
PROGRAM REGISTERS NEEDED: 30 CHEMICAL ENGINEERING

ROW 1 (1 - 3

(
8

ll
I
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HYDROCARBON COMBUSTION

Given the atomic composition of a hydrocarbon fuel and the desired amount of
excess air, the program calculates the air-fuel ratio on a mass and mole basis.
The number of moles of products is also calculated along with the volume
percents of sulfur dioxide, carbon dioxide, water vapor, oxygen and nitrogen.
Complete combustion is assumed.

Equations:

% Excess Air

Total combustion air AIR = 1 + 100

Consumed o H 0
Xygen 02=C+S+z—§'

Air-fuel ratios AF (mole) = 0(4.762) AIR

1.8094 AF (mole)

AF(mass) = 555670+ 0.063H + 2.0045 + 0.875N + 0
Total moles of prod H, O _ N
products M = 0,[4.762 AIR] + 7 + 5 + 35
9 100C
Volume percents of products Volume %CO2 = ™
Volume 7%S0,; = l%?g
Volume 7%H,0 = l%ﬁg

Volume 70, = 100(AI§ - 1) 0o

(100) [(3.762) AIR 0, +E]

Volume 7%N, = M 2




where C, S, N, H and O refer to the number of carbon, sulfur, nitrogen, hydrogen
and oxygen atoms respectively per hypothetical fuel molecule;

AF stands for air-fuel ratio;

M stands for total moles of product.

Remarks:

% Excess air > 0.
Complete combustion is assumed.

The volume percent values assume that no water vapor has been condensed out.

Example:

Octane, CgH1s, is burned in 407 excess air. What is the air-fuel mass ratio and
what are the volume percents of the products?

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 010

[XEQ] [ALPHA] HCC [ALPHA] c?

8 [R/s] H?

18 [R/S] 0?

0 [R/S] S?

0 [R/S] N?

0 [R/S] %EXCESS AIR?
40 [R/S] AF,MASS=21.12
[R/S] AF ,MOLES=83. 34
[R/S] PROD MOLES=87.84
[R/S] %502=0.00
[R/S] %C02=9.11
[R/S] %H20=10.25
[R/S] %02=5.69

[R/S] %4N2=74.95

15
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User Instructions

size: 010
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 |[Load program
2 Begin execution and input data [XEQ] HCC c?
i) atomic composition (enter zero if C [R/S] H?
element is not present) H [R/S] 0?
Y [R/S] S?
S [R/S] N?
N [R/S] %ZEXCESS AIR?
ii) percent excess air EXCEéé AIR [R/S]
3 Solutions AF ,MASS=
[R/S] AF ,MOLES=
[R/S] PROD MOLES=
[R/S] %502=
[R/S] %C02=
[R/S] ZH20=
[R/S] %02=

[R/S]

%N2=




Program Listings

B1+LEL "HCL
@2 FI¥ =2
E’E: -:C-_ﬁ_u

B84 FPROMFPT
as STO 91
#e "H?"
87 FROMPT
g2 STO 4z
a3 =-o7-
i PROMFT
11 STO a=
12 »57-
13 FROMFT
14 STO 64
15 "H7?-
1e FROMFT
17 S5TO &3
15 "XEXCESS

ATRZ"
19 FPROMFT
26 168
22 1
=3 +
z4 STO 85
25 RCL 81
26 RCL B4
27 0+
28 RCL G2
=9 4
za -
31 0+
2 RCL B3
3F =2
24 -
25 —
Z6 STO @6
37 *
38 4.762
39 *
48 STO @5
41 RCL B2
2 4
43 -
44 +
45 RCL B3
46 =
2 +
49 RCL &9

Initialization

- e - - - - — = -

T T —

e B B R I e AL RO R o o o o e A ) B R R ) R I
DL I O I VIl R R T e V) O Y I AN IR R e Y e VIR ) O Y G i

7E
Fild
78
S= L1
7o
8a
51
LES
sz
g3
84
85

0
T

(Ya N RN o Y o YW RN w Y N o s M w 0 o
i R B Y S B IR ol R I

| 5 =
+
STO 67
RCL B8
1.8894
*
RCL @1
=1y
#
ECL @z
-.B53
*
+
RCL B3
+
2.8a4
RCL a4
#*
+
-.875
ECL @39
*:
+
-

"AF . MASS

XE@ o
RCL @£
“AF.MOLE
XE® o
RCL &7
“PROD MO
XE@ d
RCL @4
XEQ E

T :':SE|E= s
XER o
RCL @1
®XEQ E
xCcgaz="
“EQ d
RCL @z
2

~

XE@ E

=8 :_.-Hzl:|= s
XEQ o
RCL @S

AF (mass)

Outputs

17



Program Listings

98 1 51

39 -

i RCL ac

181 *

182 XEG E

163 =x0z2="-

1684 XEQ d

185 RCL 8323

186 RCL a5

147 ECL 86 50

188 *

1as -

118 RCL a9

111 2

112 ~

113 +
114 XE& E

115 "XZHzZ=" |- -------

117 ARCL X

1183 AVIEHW 70

119 STOP

128 RTH | - - - - - -

1Z21+LBL E )
122 RCL B7 Subroutine

123 ~ 100
124 1804 ™

125 *

126 RTH

27 .EHD.

80

90

00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 50 size _010 toT.REG. _047 _ USER MODE
C ENG FIX —2_ scl ON___ OFF _X__
g DEG RAD GRAD
> FLAGS
0, # SIC SET INDICATES CLEAR INDICATES
Prod NONE
AF (moles)
N
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95

19
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HYDROCARBON COMBUSTION HEWLETT PACKARD
SOLUTIONS BOOK
PROGRAM REGISTERS NEEDED: 38 CHEMICAL ENGINEERING

ROW 1 (1:4)

ROW 6 (35 : 43)
ROW 7 (44 : 55)
ROW 8 (55 : 60)

ROW 10 (67 :

RO!
RO
RO

>

ROW 16 (
ROW 17 (
RO

ROW 15
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HYDROCARBON COMBUSTION HEWLETT PACKARD

ROW 19 (112

ROW 20 (117:

ROW 21 (127

SOLUTIONS BOOK
CHEMICAL ENGINEERING
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HEAT TRANSFER THROUGH COMPOSITE CYLINDERS AND WALLS

This program can be used to calculate the overall heat transfer coeffi-
cient for composite tubes and walls from individual section conductances
and surface coefficients.

\
Tz _'\‘! j/l//
\ ‘,/

AN
kz \\

Figure 1.—Composite tube

Figure 2. —Composite wall

Equations:
The overall heat transfer coefficient U is defined by:

q/L = U AT
or
q/A = U AT

where AT is the total temperature difference (T - T.), q/L is the heat

transfer per unit length of pipe, and q/A is the hea% transfer per unit
area of wall.

For cylinders

27
2_ 1n (D, /D;) + ln(DalDzl+ 1n(Dn/Dn:1) 2
h; D, ky k, kp-1 hnDn




For walls

where

h is the convective surface coefficient;

D 1is the outside diameter of the annulus;

~B

is the conductive coefficient;

x is the thickness of a wall section.

Remarks:

These equations are for steady state heat transfer through materials with
constant properties in all directions.

For composite cylinders, inputs must start with the inside convective
coefficient and work out.

Zero is an invalid input for D, k, and h.

Dimensional consistency must be maintained.

Example:

A steel pipe with an inside diameter of 4 inches and a thickness of 0.5
inches has a conductivity of 25 Btu/ft-hr-°F. Two inches of asbestos

(k = 0.1 Btu/hr-ft-°F) enclose the pipe bringing the total diameter to 9
inches. If the inside convective coefficient is 1000 Btu/hr-ft®-°F and
the outside coefficient is 5 Btu/hr-ft?-°F, what is the overall heat
transfer coefficient? What is the heat loss for 100 feet of pipe if AT
is 115°F?

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 009

[XEQ] [ALPHA] CYL [ALPHA] NO. OF SECTS?

2 [R/S] D?

4 [ENTER4] 12 [+] [R/S] H?

1000 [R/S] D?

5 [ENTER+] 12 [:] [R/S] K?

25 [R/S] D?

9 [ENTER+] 12 [:] [R/S] K?

0.1 [R/S] H?

5 [R/S] U=0.98 Btu/hr-ft-°F
115 [X] 112.44 Btu/hr-ft

100 [X] 11,244.20 Btu/hr
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User Instructions

SIZE: 009
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Load program
2 | For walls go to step 3, and for cylinders
go to step 9.
3 | Initialize for walls [XEQ] WALLS NO. OF SECTS?
4 | Key in number of sections N [R/S] H?
5| Key in the first section's
convective coefficient h, [R/S] X?
6 | Key in thickness of the current section X{ [R/S] k?
7 Key in the conductive coefficient for the
section of step 6 ki [R/S] X? or H?
(Repeat steps 6 and 7 for each section.
The prompt after the last section will be
"H?")
8 | Key in the last section's
convective coefficient hn [R/S] U=
9 Initialize for cylinders [XEQ] CYL NO. OF SECTS?
10 | Key in number of sections N [R/S] D?
11 | Key in the inside section's inner
diameter D, [R/S] H?
12 | Key in the inside convective coefficient h; [R/S] D?
13| Key in the outside diameter of the current
section D; [R/S] K?
14 | Key in the conductive coefficient for the
section of step 13 ki [R/S] D? or H?
(Repeat steps 13 and 14 for each section)
15 | Key in the outside convective coefficient hp [R/S] U=




Program Listings

ail+LBL "CYL
az SF 8@
g3 GTO 4|
a4+LBL "WAL
LE"
a5 CF B8a
a6« EBL Ga
a7 FIX 2
a8 1
89 Fs5? aa
ia PI
11 STO 86
12 CLX
13 STO 4&
14 FC? G8
15 GTO 91
16 =“HO. OF
SECTS?™
17 PROMPT
18 STO ©Ga
i9 =D~
28 PROMPT
21+LBL H
22 STO @87
23 -uH’?n
24 PROMFPT
25 *
26 1%
27 ST+ @&
28 FC?C @8
29 GTO U=~
3a«LEBL B
31 D7~
32 PROMPT
323 STO 91
34 "K?*™
35 PROMPT
36 1-%
37 K
38 RCL 87
39 RL{PY
48 S5TO 87
41 -
42 LN
43 *
44 2
45 -
46 ST— @8
47 DSE @@
48 GTO B

Initialization

Cylinders

49 RCL 91
58 GTO R
S1«LBL 91
52 SF 80
53 ~"HO. OF
SECTS?™

54 PROMPT
55 STO B6
S6+LEBL C
57 "H7?"

58 PROMPT
59 1-x

68 ST+ @&
61 FC?C 0G06
62 GTO =-uU-~
63+LBL D
64 "x?"

65 PROMPT
66 UIK-?N

67 PROMPT
&8 -

&9 ST+ @8
78 DSE 0©©6
71 GTO D
72 GTO C
73«LBL “U"
74 RCL 68
75 1-%

76 RCL 986
77 ok

78 STO 94
?9 llU:ll

88 ARCL X
81 AVIEW
82 STOP

83 .EHND.

90

00

Calculate U
and display

25
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 | No. of surfaces 50 SIZE 009 TOT.REG. _034 USER MODE
outside diameter ENG FIX 2 sci ON OFfF _X
DEG RAD GRAD
U FLAGS
05 55 INIT
lor # S/C SET INDICATES CLEAR INDICATES
temp. storage 00 Cyl Walls
IR
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95




HEAT TRANSFER THROUGH HEWLETT PACKARD
COMPOSITE CYLINDERS AND WALLS SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 26 CHEMICAL ENGINEERING

ROW 1 (1 - 4)
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VON KARMAN ANALOGY FOR HEAT AND MASS TRANSFER

The von Kdrmdn analogy forms a link between momentum, heat, and mass
transfer for conduit flow. If any of the transport coefficients f, h, or
ke are known, the others can be found using this program and the appro-
priate fluid transport numbers.

Equations:
Heat transfer

£/2
St =145 VF/2 (Pr-1+1n [1 + 5/6 (Pr - 1)])

Mass transfer

k. £/2

v 1+5 VE/2 (Sc -1+ 1n [1+ 5/6 (Sc - 1)])

In both cases, the equation for f is solved using Newton's method, with the

Colburn analogy as the initial guess, fo.

Yo~ seen?/? - Ko (5)2/3
v
where
St is the Stanton number.
f is the Fanning friction factor.
Pr is the Prandtl number.
Sc is the Schmidt number.
k 1is the convective mass transfer coefficient.

v is the average fluid velocity.

Reference:

Welty, Wicks, Wilson, Fundamentals of Momentum Heat and Mass Transfern;
John Wiley and Sons, Inc., 1969.

Remarks:

No form drag may be present. Fanning friction factors should be less than
0.02 and greater than 0.0001.
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Example:

The Schmidt number for a mild acid flowing through a metal pipe has been
found to be 3.7. The Fanning friction factor is 0.011. If the fluid

velocity is 15 feet per second, what is the convective mass transfer
coefficient?

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 009

[XEQ] [ALPHA] ANALOG [ALPHA] SC? OR PR?
3.7 [R/S] ST?

[R/S] KC/v?

[R/S] F?

0.011 [R/S]

[XEQ] [ALPHA] KC/V [ALPHA] KC/V=0.0023

15 [X] 0.0338
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User Instructions

size: 009
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Load program
2 | Begin execution and input data [XEQ] ANALOG SC? OR PR?
Sc or Pr [R/S] ST?
Only one of St, k¢/v and f are needed. St [R/S] KC/V?
Ignore the others by pressing [R/S] ke /v [R/S] F?
£ [R/S]
3 | To find:
St [XEQ] ST ST=
ke /v [XEQ] KC/V KC/V=
£ [XEQ] F F=




Program Listings

@li+LBL "HHHA
LaG*

Az FI= 4

a3 =-sCc? OF
PR?*™

84 PROMPT
85 STO 8=
As "ST?"
a7 PROMPT
B8 "KC-¥7T"
89 PROMFPT
16 STO QA2
11 =F?2~
12 PROMFPT
13 STO a5
14 STOFP
1S+LBL ST~
16 “5ST="-
i7v GTO B
13«LBL “KC-~
l."l s
19 "KCr¥="
Z20+LBL B
21 @
22 RCL a5
23 2
Z24 -
25 SToO as
26 XE& D
27 7
28 STO B8z
29 GTO d
Z8«LBL F
31 =F=-
22 RCL g5
32 RECL @8z
24 RCL 8=
35 2
36 ENTERT
7 =2
38 -
29 ¥t=
48 *
41 STO @6
42«1 BL a1
43 XE@ I
44 RCL @z
45 *
46 STO 84
47 RCL @&
48 R®RIL>Y

Initialization

o
73

L0 0 0D 0 0000 00 00 00 00 00 0 0000 ) ) )
M I RPN I NI RN T e ) Y I G o R w R R [ V)

96+

a7

RCL a4
az

A
Y.
~

o
-

C ae

FNAOX=D | U+ =YY A

STO
GTO
LEL
RCL
ECL
1

[hoy R e B I Y
|

] T

ENTERT
ENTEET

[ RCANE | =
A e 12

=

(Wn}

+RE N EDKD AT e DN
— =

ETH
LEL d
ARCL =
AYIEW
STOF
-EHND.

Display

31
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 50 size _009  TOT.REG. _33 USER MODE
ENG FIX 4 _ sci ON OFF _X
St DEG RAD GRAD
Pr(Sc)
temp storage
£/2 # SIC SET INDICATES CLEAR INDICATES
NONE
temp storage
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95
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VON KARMAN ANALOGY FOR HEAT HEWLETT PACKARD

AND MASS TRANSFER SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 25 CHEMICAL ENGINEERING
ROW 1 (1 - 3
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EQUATIONS OF STATE

They are not needed for ideal gas solutions.

Values of the Universal Gas Constants

This program provides both ideal gas and Redlich-Kwong equations of state.
Given four of the five state variables, the fifth is calculated. For the
Redlich-Kwong solution, the critical pressure and temperature of the gas

must be known.

Value of R Units of R Units of P Units of V Units of T
8.314 N-m/g mole-K N/m2 m3/g mole K
83.14 cm3—bar/g mole-K bar cm3/g mole K
82.05 cm3—atm/g mole-K atm cm3/g mole K
0.7302 atm—ft3/lb mole-°R atm ft3/lb mole °R
10.73 psi—ft3/lb mole-°R psi ft3/lb mole °R
1545 psf—ft3/lb mole-°R psf ft3/1b mole °R

Critical Temperatures and Pressures
Substance T, K T , °R P , ATM
c c c

Ammonia 405.6 730.1 112.5
Argon 151 272 48.0
Carbon dioxide 304.2 547.6 72.9
Carbon monoxide 133 239 34.5
Chlorine 417 751 76.1
Helium 5.3 9.5 2.26
Hydrogen 33.3 59.9 12.8
Nitrogen 126.2 227.2 33.5
Oxygen 154.8 278.6 50.1
Water 647.3 1165.1 218.2
Dichlorodifluoromethane 384.7 692.5 39.6
Dichlorofluoromethane 451.7 813.1 51.0
Ethane 305.5 549.9 48.2
Ethanol 516.3 929.3 63
Methanol 513.2 923.8 78.5
n-Butane 425.2 765.4 37.5
n-Haxane 507.9 914.2 29.9
n-Pentane 469.5 845.1 33.3
n-Octane 568.6 1023.5 24.6
Trichlorofluoromethane 471.2 848.1 43.2




Equations:

Ideal gas:

Redlich-Kwong:

where:

is
is
is

is

H ® B < X

is

is

Remarks:

the
the
the
the
the
the
the

P, V, nand T

PV = nRT
P = nRT _ a
(V -Db) T1/2 V (V +b)
a=4.934 b nRTcl'5
nRTc
b = 0.0867 P
c

absolute pressure;
volume;

number of moles present;
universal gas constant;
absolute temperature;
critical temperature;

critical pressure.

must have units compatible with R.

At low temperatures or high pressures, the ideal
the behavior of real gases.

No equation of state is valid for all substances

of conditions.

The Redlich-Kwong equation gives

for a variety of substances over a wide range of
be used with caution and tempered by experience.

gas law does not represent

or over an infinite range
moderate to good accuracy

conditions.

Results should

Solutions for V, n, R and T, using the Redlich-Kwong equation, require an

iterative technique.
to generate the initial guess.

the amount of deviation from ideal gas behavior.
routine may fail to converge entirely, resulting in '"DATA ERROR".

Newton's method is employed using the ideal gas law
Iteration time is generally a function of

For extreme cases, the

35



Example 1:

0.63 g moles of air are enclosed in a 25,000 cm® space at 1200 K. What is
the pressure in bars? Assume ideal gas behavior.

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 015

[XEQ] [ALPHA] ID [ALPHA] P?

0 [R/S] V?
25000 [R/S] N?
0.63 [R/S] R?
83.14 [R/S] T?
1200 [R/S] P=2.51
Example 2:

The specific volume of a gas in a container is 800 cm3/g mole. The
temperature will reach 400 K. What will the pressure be, according to the
Redlich-Kwong relation?

P. = 48.2 atm
Tc = 305.5 K
R = 82.05 cm® - atm/g mole-K

Keystrokes: Display:
[XEQ] [ALPHA] RK [ALPHA] TC?
305.5 [R/S] PC?
48.2 [R/S] P?
0 [R/S] v?
800 [R/S] N?
1 [R/S] R?
82.05 [R/S] T?

400 [R/S] P=36.27



User Instructions

SIZE: 015
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Load program
2 Select equation:
Ideal gas [XEQ]. 1ID P?
Redlich-Kwong [XEQ] RK TC?
3 | For Redlich-Kwong only T. [R/S] PC?
P, [R/S] P?
4 | Input appropriate values P [R/S] v?
(Zero for the unknown) \ [R/S] N?
n [R/S] R?
R [R/s] T?
T [R/S] (unknown) =

37



Program Listings

[t

]
-&‘h [l -0 - S (U R (AR R CRS N 8 % R Y I S Y I T R T O G

Gi+LBL “ID- Initialization Sa FS7 az

gz o =1 RTH

BZ SF Go@ S2 GTO IHD

H4 GTO GG ia k- =-=------
E1=-0LE-L “RE - SZ«LBL 8% Calculate

Bs 54 =“F=- unknown

@By LF B4 55 GTO adg

83 -“TC?- Sc+LBL 4G&

@9 PROMPT g7 =

1a ETO 13 SS+«LEL @nQ
11 =pPC?- 59 RCL 8v
12 PEOMPT a RCL @&
13 570 14 1 *
14«LEL G@ 2 ECL a3
1% SF G2 3 *®
ie CF G1 4 RECL 85
17 FIx 2 5 RCL 8%
i =p7-" &k
PROMPT e
b 2 S5TG IHD
=EQ @@ 1

GTO aa
+«| BL @7
SF @1

s l.__‘= ']
GTO @i
+« BL @&
SF @1
(1} F:=u
GTO @i
LEL as
“T=-=

R E h B
PROMFT
=

AER AL
O 8 e T
FROMFT
=EQ B&
(1] Et-’;_'l (1}
FPROMFT

"eoebe’

ol RoIEY N IENIEN N N IEN I I I W s B AR A A R e
ARS) |‘|:| =J TN -:z G [ e 15000

IRV I Y w s Rl I V) I Y I N B Y R B ) A Y RV RN

HE@ @ SF @1
ST 1+LEL a1
PROMF g2 RCL @5
CF @z 83 RCL @6
2 a4 *
+LEL @6 85 RCL @7
CF @1 g6 -
STO @1 27 RCL @8
RDH ag -
STO IHD 29 RCL 89
oG
Z ®=@v 91 STO IHND
4 GTO @1 16
s BT azZ«LEL 886
& STO 1@ 93 FS? 86
71 94 GTO 1@
& STO IHD as KEQ @1
26 GTO @&
9+LBL 91 a7eLBL @2




Program Listings

98 FS? g1 |- —-=--=--- 146 =12

99 XKEG @i If ideal, 147 ~

16+ BL G@ display 148 RCL G@

181 RCL Q@& 149 RCL @9

1@z RCL @9 156 *

183 * 0 |- - - == - - - 151 RCL a4

1G4 RCL @& Calculate using 152 %12

ias RCL 12 Redlich-Kwong =3 -

18 — equations 154 -

187 STO a4 155 RTH

1ag - 1S6«LBL B8 [~~~ " 7 77
189 RCL 11 157 RCL Q@ oF
11a RCL 8% 158 RCL a4 oT
111 SerT 159 -~

112 ~ 168 RCL @z

112 STO Az 161 2

114 RCL 9& 162 -~

115 163 RCL @9

116 LAST 164 -~

117 RCL 1= 165 RCL 8&

118 + 166 -~

119 STO 83 167 RCL A=

128 - 168 -~

121 - 169 +

122 RCL @5 178 RTH N -
123 - 171+LBL &7 [ .
124 XEG@ IHD 172«LEL @2 8 o 2
16 172 RCL B9 on oR
125 -~ 174 ECL @8s

126 ST— IHD 175 *

1@ 176 RCL &4

127 RCL IHD 177 =tz

1 178 -~

j2g - 179 RECL 8¢

129 AES 188 ENTERT

1iZF8 1 E-4 151 +

131 R{=Y7 1€2 RCL 12

122 GTO @&z 22 o+

122 RCL IHND 184 RCL @@

1a 185 -

1Z4 GTO 1@ 186 RCL BO&

1ZS+LEBL B [ -------- 87 -

1Z6& RCL 8& oP 188 RCL 83

127 EMTERT oV 189 =12

128 + 128 .~

1329 RCL 1= 191 RCL @=

148 + 192 *

141 RCL &=z 193 -

142 = . 194 RCL @G

1432 RCL @3 195 *

144 RCL @& 19¢ RCL IHD

145 *
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Program Listings

18

197 -~

198 RTH
199«LEL 985
288 LASTH
281 +

282 STO 85
283 GTO 18
284+LBL B1
285 RCL 87
286 RCL 8=g
287 *

288 STO 0904
289 .8867
2186 RCL 14
211 -~

212 KIzY
213 RCL 132
214 =*

215 *

216 5TO 12
217 LASTH
218 *

219 RCL 13
228 SERT
221 *

222 4.934
223 *

224 STO 11
225 RTH
2Z26+LEBL 18
227 RARCL ¥
228 RAVIEH
229 STOP
238 .EHD.

Calculate a, b

40

50

51

60

70

80

90

00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 | NR 50 size _015 TOT.REG. _61 USER MODE
temp storage index ENG FIX —2 _ sCI ON ofFf _X
a/T? DEG RAD GRAD
(V. + b)
(V - b)
05 3 55 INIT FLAGS
\Y # S/C SET INDICATES CLEAR INDICATES
n 00 Ideal Redlich-Kwong
f 01 Calc a, b
T 02 Inputting data Calculate
10 | control 60
a
b
Te
Pe
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95

41
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EQUATIONS OF STATE HEWLETT PACKARD

SOLUTION BOOK:
PROGRAM REGISTERS NEEDED: 47 CHEMICAL ENGINEERING

ROW 1 (1 - 5)

ROW 2 (5 — 10

ROW 3 (11 - 17)
ROW 4 (18 - 24)
O |
il | | " " "I | ” ||
ROW 6 (30 - 37)
ROW 7 (38 - 47
ROW 8 (48 - 55
ROW 9 (55 - 65)
ROW 10 (66 - 73)
ROW 11 (73 - 79)
ROW 13 (91 - 98)
ROW 14 (98 - 108)
ROW 16 (122 - 130
ROW 18 (139 - 151)

ROW 12 (80 - 91)
ROW 15 (109 — 121
ROW 17 (130 - 138
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EQUATIONS OF STATE HEWLETT PACKARD
SOLUTION BOOK:
CHEMICAL ENGINEERING

ROW 19 (152 — 164)

O

ROW 20 (165 — 177

O

ROW 21 (178 — 190

A

ROW 22 (191 - 202

i

ROW 23 (203 - 210

O i

i

ROW 24 (211 - 222

21
il | " | |||| | " |

ROW 26 (230 - 230) I I




44

REVERSIBLE POLYTROPIC PROCESS FOR AN IDEAL GAS

This program may be used to solve interchangeably between pressure ratio,

volume ratio, temperature ratio, and

density ratio for polytropic processes

involving ideal gases. Polytropic processes are defined by the relation

pv"

= C.

Isentropic processes are special cases of polytropic processes. For
isentropic processes, k, the specific heat ratio, is equal to n.

Equations:

-

-n n-1 n
3&=(Y_2_) =(T_2) (2
L\ T Py

P2/Pl is the final pressure divided by the initial pressure;

where

VZ/Vl is the final volume divided by the initial volume;

T2/Tl is the final temperature divided by the initial temperature;

p2/pl is the final density divided by the initial density.

Note that in the display "p" is indicated by "D".

Example:

A compressor has a compression ratio

of 8.5 (V /Vz). The polytropic

constant is 1.43. If inlet air is at 300 X, what is the outlet temperature?
What is the outlet pressure in atmospheres if the inlet pressure is one atmosphere?

Keystrokes:
[XEQ] [ALPHA] SIZE [ALPHA] 006
[XEQ] [ALPHA] GAS [ALPHA]

1.43 [R/S]

8.5 [1/x] [XEQ] [ALPHA] V2/V1 [ALPHA]
[XEQ] [ALPHA] T2/T1 [ALPHA]

300 [X]

0 [XEQ] [ALPHA] P2/P1 [ALPHA]

Display:

N?

0.00

0.00
T2/T1=2.51
752.96

P2/P1=21.33



User Instructions

SIZE: 006
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Load program
2 Begin execution and input n [XEQ] GAS N
n [R/S]
3 | Input one ratio P2/P1 [XEQ] P2/P2 0.00
V2/V1 [XEQ] V2/V1 0.00
T2/T1 [XEQ] T2/T1 0.00
p2/p1 [XEQ] D2/D1 0.00
4 | Calculate any ratio(s) 0 [XEQ] P2/P1 P2/P1 =
0 [XEQ] Vv2/Vv1 V2/Vl =
0 [XEQ] T2/T1 T2/T1 =
0 [XEQ] D2/D1 D2/D1 =

45
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Program Listings

B1l+«LEBL “"GR

iy}

a2 FIx =
a3 “HN7T*"
84 PROMPT
a5 STOo a2
g6 1

arv -

88 STO a3
a9 1-=

18 STO a4
11 B

12 STOF
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>