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APPENDIX 1 

_ HEAT EXCHANGER DATA 
  

  

  

          

TABLE Al 

Preheater | Ist Effect | 2nd Effect’ | Condenser 

No. of Shell Passes 1 ] 1 1 

No. of Tube Passes 4 1 1 6 

No. of Tubes 1 4 7 1 

Shell 1.D. (m) 170, 1015. | 0:1015* | 0,152 0.152 

Shell O.D. (m) 0.11 0.11 0.1605 0.1605 

Tube 1.D.. (m) | 0.0188 | 0.0188 | 0.0254 0.0205 

Tube O.D, (m) | 0.0221 | 0.0221 | 0.0286 0.0286 

Tube Length (m) 1.37 2.59 1.065 2.13 

Volume of Tubes (m°) |0.585E-3 |0.1105E-2 |0.114E-2. | 0.194E-2 

Tubes internal volume (m°). | 0.152E-2|0.2875E-2 10,976 E-2 | 0.645 E-2 

Volume of Shell (m?) | 0.9€-2 | 0.17E-1 |0.145E-1 | 0.302 E-1 

Tube Flow Area (m-) |0.478E-3 |O.111E-2 |0.354E-2 | 0.505E-3 

Shell Flow Area (m*) |0.694 E-2 |0.694 E-2 10.146 E-1 0.15E-1 

Tubes Inelde Aled’) (ni) | 00024 2) 0,012 0.591 1.01 

Tubes Outside Area (m@) | 0.38 | 0.72 0.672 1.15 

Shall tala Aras inc) 0.497, © | 0.825 0.508 1.102 

Wetted perimeter (m) | 0.0695 0.0695 0.0895 0.0895 

Tube OD/ID 1.18 1.18 1.15 1.15 
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APPENDIX 2 

THE H316/MDP200 INTERFACE 
  

A2.1 Introduction 

| Originally, the available on-line system hardware consisted of the 

EAL MDP200 data logger and the PDS1020 digital computer. Although the 

logger and computer are produced by the same manufacturer, and thus are 

hardware and software compatible, the system is restricted. Firstly, the 

PDS 1020 has only 4K core and is relatively slow in operation and secondly , 

as a result of the small memory size, on-line programming is limited to the use of 

machine code or assembler language. 

Replacement of the PDS1020 by a Honeywell 316 minicomputer improves 

the on-line system in three ways. Firstly, the machine is faster so that data 

logging can be accompanied by processing and results made available to the 

user in real time. Secondly, the H316 has 12K core so that on-line processing 

is not restricted by machine size. Finally, as a result of both processing speed 

and core size, the programming capability is vastly improved. The development 

of the high level data logging software is described in Appendix 3. 

One disadvantage of the acquisition of the H316 is that the computer 

and data logger are not hardware compatible. The objective of this Appendix 

is to describe in detail the hardware link between the H316 and MDP200. The 

new machine code instructions for the H316 are discussed together with the 

hardware operations they produce. 
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A2.2 The PDS1020 - MDP200 Link 
  

Since the objective of the interface design is for the H316 to 

emulate the PDS1020, it is advantageous to discuss the operation of the data 

logger in its original state ee ). 

To select channels in random order under the control of the PDS1020, the 

computer parallel output is used. This consists of 17 parallel input/output 

lines representing four hexadecimal digits and a sign bit. In order to select 

input channels together with data amplifier ranging, computer information 

must be output as follows: 

  

1000 ADC Amplifier Range by-pass 

2000 ADC Amplifier Range x 10 : Ftiter in 

3000 ADC Amplifier Range x 100 

4000 ADC Amplifier Range x 1000 

5000 ADC Amplifier Range by-pass 

6000 ADC _ Amplifier Range x 10 é Filter out 

7000 ADC Amplifier Range x 100 

8000 ADC Amplifier Range x 1000 

9000 Digital Clock Data (hours and minutes) 

LOOO Scan Identification Switches 

C000 ~—— Digital Clock Data (seconds and tenths of seconds) 

where L and C are hexidecimal equivalents of decimal 10 and 11. 

With regard to the channel address, the tens digit on the first eight 

commands is the tens digit of the channel. The units digit corresponds to the 

units digit of the channel. Thus the channel number is entered into the last 

two digits as a BCD number. 

When one of the above commands is loaded into the accumulator of the 
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PDS 1020 it is output to the MDP200 by the output data parallel (1800 +) 

instruction. When the MDP200 responds with the resulting data word, it is 

~ input to the accumulator by the input data parallel (0005 +) instruction. 

The control signals generated by the MDP200 and PDS1020 in executing 

input/output are as follows. 

A2.2.1 Output 

a) Device Ready - 

b) Data Ready - 

c) Device Acknowledge - 

A2=-3 

The logger applies a logic | signal to the 

computer whenever it has finished processing 

a previous channel. 

If a device ready signal is presented by the 

logger and an 1800 + instruction has been 

carried out in the computer, the data lines 

will assume the levels dictated by the 

information currently in the accumulator, 

and the Data Ready control line assumes a 

logic 1 level. 

On receipt of a data ready signal, the 

logger will transfer the command portion 

of the data output into a buffer store and 

the address portion into the scanner control 

unit decade counters. When this is complete 

the data lbguae will present a logic | level 

on the Device Acknowledge control line.



FIGURE A2.1 

MDP200/PDS 1020 CONTROL SIGNALS 

OUTPUT ; Las 

DATA LINES a2 oD eee 
| 

DATA READY | | 

  

  

DEVICE READY fecal I) 
: ; gap toalOel . 

DEVICE ACKNOWLEDGE Po a 

| iN | 
(STROBE LINES) pee (od 

Pott 
1 e 34 

1, 'Device ready'' from device 
2. Data and ''Data ready'' from computer 
3. Acknowledge from device 

4. Data lines released 

  

  

  

  

FIGURE A2.2 

MDP200/PDS 1020 CONTROL SIGNALS 

INPUT 

(STROBE LINES) | INS 

INPUT READY : ee fa 
| 

| 4 
DATA READY 

| Mocs /f 

| | | DATA LINES ae | Life 

DATANOT READY —J/ 7 Ng 
: ee oe | 

Le m7 
1 2 34 

1) Computer will strobe lines if DATA READY and INP instruction is 
created. 

rape Device must release DATA READY after INPUT READY is released. 

1, ‘Input ready" from computer 
2. "Data ready" from device 
3. "Input ready'' released 

‘4. "Data ready" released 
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The timing of the PDS1020 output control signals is shown in Figure A2.1. 

When the computer executes the output command, it waits for a Device Ready 

signal from the MDP200. When the signal is received, the computer places an 

instruction data word on the lines and sends a Data Ready signal to the device. 

When the device has sampled the data, it sends an acknowledge signal to 

release the computer. 

PLizZa2 Input’ 

Input Ready - The computer applies a logic 1 signal to 

the logger whenever a 0005 + instruction 

is executed. 

The timing of the input control signals is shown in Figure A2.2. When 

the computer executes the input command, the computer sends an Input Ready. 

signal to the logger which places the aiken the parallel input lines. The 

computer then samples the data lines and places the result in the accumulator. 

As soon as the computer has accepted the data, it releases the Input Ready line, 

and the logger releases the Data Ready line to terminate the input command. 

A2.3 The H316 - MDP200 Link 
  

The MDP200 data logger is constructed specifically to link with the 

PDS1020 computer. The emulation of the operation of the PDS1020 by the 

H316 is not trivial since the two computers are produced by separate companies 

and the dates of manufacture are separated by the transition from transistor to 

integrated circuits. Thus the interface problems are concerned with logic level 

conversion and signal timing so that the H316 produces and accepts the logical 
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control signals described previously. 

A2.3.1 The Honeywell Buffer 
  

External devices can be linked to the standard Honeywell input/output 
ref, 

interface by the Buffered |/O Channel option (A2.2). Figure A2.3 presents 

a simplified block diagram of the standard buffered |/O channel showing the 

principal control signals involved in input/output data transfers. The device 

permits the transfer of a 16-bit word to or from an external device (the MDP200). 

lt is assumed that the device presents incoming signals in the correct logical 

state. The instructions are as follows: 

Output 

a) OCP '130 

b) SKS '130 

c) OTA '1030 

d) SKS '630. 

This pulse enables the buffer in the output mode and produces 

CLEAR which resets the buffer register flip-flops. CHRDY 

(Channel ready) is inhibited. 

This tests the condition of 'Device Ready' from the MDP200. 

If the state is true, the next instruction is executed. If 

false, the next instruction is skipped. 

Produces CHRDY in the buffer and outputs 16-bits of parallel 

information to the MDP200. 

Tests the condition of CHRDY. If true the next instruction 

is executed otherwise the next instruction is skipped. 

A2-6



G
o
n
e
)
 

Appsy 
pjog 

  
 
 

Y3ad4NG 
O/| 

 
 

 
 

 
 

  
  

v
a
I
L
N
d
W
O
D
 

9LEH   
 
 

: 
! 

j 
! 

e
s
l
 

eee 
Eee 

Gea 
J | 

ces, Sys, 
Lies 

= 
e
S
 

c
a
e
e
a
a
 

ss 
« g

o
t
s
 
e
e
 

a
e
 

| 

| 
089, 552. 

S
e
 

| 
| 

eo 
J 

| 
{ 

{ 

(4ndu) 
| 

Appay 
a21aaq 

e
o
 

t 
' 

\ 
i 

| 
| 

TOXLNOD 
3dOW 

1 
, 

e
e
 

O
/
I
G
N
V
 

/ 
| 

AQYHD 
| 

ONIGOD3I 
| ¢ 

; 
snq 

i 
‘ 

| 
poe 

ssauddy 
i 

i 
1 

E 

| 
} 

| 
yvaTo. 

| 
| 

f 
1 

| 
fp 

o
e
 

iq. 
Ub is 

| 
! 

YILSID3Y 
| 

7 
sng 

< 
sur] 

9, 
BUTT 

OT 
, 

f
e
 

e
e
 

4 
U
d
y
 

4 
o/! 

1 
: 

_ 
| 

{ 
| 

1
 

tee 
eae 

BS c
e
 

| 

é
—
—
 

002 
dadw|. 

91€H 
—
—
 
 
 

ya4d4ng 
O/I 

VLE 
T
A
M
A
I
N
O
H
 

€°?V 
N
O
I
 

A2=7



Input 
  

a) OCP '030 This enables the buffer in the input mode and produces 

CLEAR which resets the buffer register flip-flops and 

enables CHRDY. 

b) SKS '130 This tests the condition of 'Data Ready’. 

c) INA '1030 Inputs the 16-bits of parallel data via the buffer register into 

the H316 A-register. 

d) SKS '530 This tests the sign bit of the MDP200 ADC. 

A2.3.2 Additional Features 
  

In addition to the standard Honeywell buffer an interface between the 

MDP200 and the buffer is required for logic level conversion and signal 

conditioning. The logical states of signals generated by the H31é6 are logic 

1 = 0 volts and logic 0 = 6 volts. At the MDP200 the signals are logic 1= -6 

volts and logic 0 = 0 volts. From logic level conversion and pulse conditioning 

hardware modules as supplied by Honeywell, an aie was constructed by 

departmental technicians. 

One further addition to the buffer is the extension of the H316 sense 

switches in parallel with the MDP200 sense lines. This requires logic level 

conversion and the necessary modules were included in the interface 

construction described above.



A2.4 Sample Program 

When a 16-bit BCD command word is passed from the A-register to the 

MDP200 via the buffer, a resulting 16-bit BCD data word is returned. The 

following DAP-16 assembler subroutine exemplifies the operation of the buffer 

for input/output to the MDP200. 

CRA - CLEAR SIGN FLAG 

SrA yey 

LDA XX = INSTRUCTION, INTO A#“REG 

OCP '130- ENABLE OUTPUT MODE 

SAS! 13906 TEST DEVICE READY 

JMP «+2 

JMP *-2 

OTA'1I030=  0UTPUT TO MDP 200 

UME = 
SKS '1302* DEVICE READY FALSE? 

JMP *=-1 

SKS? '630*". CHRDY. FALSE? 

JMp *-1 

OCP 'O30- ENABLE INPUT MODE 

SxS. °130*; TEST: DATA: READY 

JMP *+2 

JVMP *-2 . 

INA'1030= INPUT FROM MDP200 

JMP x*-] 

SKS '130-= DATA READY FALSE? 

JMP *-1 

SKS 45530 ©. TEST -SIGN=BIT 

JMP *+3 

LDA =1 

SrA] ey 

BET 

we BSS 

AA. BSS. 1 

END



A2.5 References 

A2.1 

A2.2 

Electronic Associates Limited. Document 75/1120. 

"MDP200 --PDS 1020 Data Logging System - 

Aston University" 

Honeywell Information Systems. Document 130071722 

"Buffered |/O Channel Option" 
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APPENDIX 3 

THE BASELINE COMPILER 
  

A3.1 Introduction 

Originally, the available on-line system hardware consisted of the MDP200 

data logger and the PDS 1020 digital computer. Although the logger and computer 

are produced by the same manufacturer, and thus are hardware and software 

compatible, the programming capability is restricted. Firstly, the PDS 1020 has 

only 4K core and is relatively slow in operation and secondly, as a result of the 

small memory size, on-line programming is limited to the use of machine code or 

assembler language. This means that writing and sditieg of on-line programs is 

laborious and time consuming. Furthermore, since the machine code and assembler 

instructions are necessarily hardware orientated, on-line usage is restricted to 

those programmers with a detailed knowledge of the computer system. Thus 

a general logging facility cannot be provided for the PDS 1020 - MDP200 system 

(without all users affording time to gain machine code expertise). 

Replademens of the PDS 1020 by a Honeywell 316 minicomputer improves the 

on-line system in three ways. Firstly, the machine is faster so that data logging can 

be accompanied by processing and results made available to the user in real time. 

Secondly, the H316 has 12K core so that on-line processing is not restricted by 

machine size. Finally, as a result of both processing speed and core size, the 

computer can be programmed in either of the high-level languages BASIC and 

FORTRAN which are more widely known than assembler and machine code. 
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The most important facility of Honeywell software is the ability of the high- 

level languages to communicate with machine code and assembler programs. For 

on-line programs, the fundamental logging operations must be programmed in 

assembler language. If the format of these assembler programs matches the 

requirements of the FORTRAN CALL statement then logging operations can be 

controlled from FORTRAN. Furthermore, if the FORTRAN and assembler programs 

are compatible with the BASIC CALL statement, then the on-line operations can be 

linked to interactive BASIC compiler. BASELINE is such a version of the BASIC 

compiler with FORTRAN and assembler subroutines included in core to perform data 

logging operations. 

In addition to the standard H316 computer, the available system includes 

the hardware option of a real time clock. This facility enables repetitive operations 

such as channel scanning, to be given priority over other programs at a fixed 

frequency. 

One disadvantage of the acquisition of the H316 is that the computer and 

data logger are not hardware compatible. This requires the construction of a 

special purpose interface (Appendix 2) and corresponding special machine code 

instructions so that the H316 and interface Sawlats the behaviour of the PDS1020. 

However, this disadvantage is not common to all users since the instructions form 

part of the fundamental assembler routines available to the high-level 

programmer. One further disadvantage is the reduction in processing speed due to 

the interpretative nature of the BASIC compiler. This is only by comparison with 

the processing time in FORTRAN or assembler for the H316; BASIC programs are 

executed considerably faster than machine code programs for the PDS 1020. 
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The objective of the Appendix is to describe, in detail, the software 

link between BASIC and the on-line system that comprises the BASELINE 

compiler (A3.6). This includes detailed documentation of the programs and the 

method of loading the programs into the computer with the BASIC compiler to 

form the BASELINE system tape. When the complete program system is loaded 

into the computer, on-line data acquisition is available to any user with a 

knowledge of BASIC. All relevant computer programs are included in the 

Appendix and for assembler programs a summary of the Honeywell assembler 

program (DAP-16) operation and pseudo-operation codes is given in Tables A3. | 

and A3.2 at the end of the Appendix. The details of DAP-16 (A3.4) and Honeywell 

FORTRAN (A3.3) are well documented. 

A3.2 General Considerations 
  

A3.2.1 The Sinus of Programs 
  

As shown in Figure A3.1, the result of any programming in DAP=16 or 

FORTRAN is the production of an object code tape. 

LIBRARY | | Sep 
ROUTINES | | ROUTINES 

| OBJECT CODE J 

  

  

  

  

  

  

ea ae, ae ee FORTRAN | FORTRAN H3lé a ih ee + he 
CORE Oi ipcrs | Object) UCOMEIEER 7 SOURCE 

LOADER | CODE 
eons | is DAP-16 ,_DAP-16 
INSTRUCTIONS| | ASSEMBLER SOURCE     
Figure A3. 1 
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Object code information is arranged in blocks, each block containing 

information about the type of block (e.g. subroutine, finetibal etc.) anda 

coded form of the machine instructions that are formed when the object tape 

is loaded into the computer. Also in each block are the names of subroutines 

that are required for the execution of the instructions in that block. 

The function of the object code loader is to form the machine code 

instructions in core from the information contained in each block. At the same 

time, the loader notes any external references to subroutines so that at a later 

time the object form of the subroutines can be loaded to satisfy the external calls. 

At any stage of loading, the object code loader can produce a memory map of 

the names of loaded programs and subroutines with their absolute memory addresses’. 

All unsatisfied external calls are also flagged and only when nd subroutine names 

are flagged is loading complete so that program execution can commence. 

To the loader, object code blocks produced by FORTRAN and DAP-16 

are the same. No knowledge is available to the loader as to whether a call to 

a subroutine is from DAP-16 or FORTRAN, or in which source language the 

subroutine is written. Subroutines are either from the Honeywell library tapes or 

are user-written. Since the object codes are the same to the loader, user-written 

and library FORTRAN and assembler subroutines can be mixed in computer core 

provided the rules of communication between subroutines are followed. 

When a called subroutine is in core or when a subroutine is force-loaded 

into memory, i.e. without being explicitly called, and its external references ~ 

satisfied by loading the appropriate subroutines, then it can be accessed from 
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BASIC by the CALL statement. This is performed by manually inserting the 

starting address of the subroutine into a fixed area of the BASIC compiler. 

According to the position within the fixed area of BASIC, the subroutine is 

given a reference number which is the first argument following the CALL 

statement. In this way it is possible to link the interactive BASIC compiler to 

FORTRAN and assembler routines as shown in Figure A3.2. 

  

  

      
  

  

  

  

          

| 
FORTRAN FORTRAN 

Ln eS/R S/R 

. | 
BASIC ee | 

[oe ASSEMBLER | 
| COMPILER | SJ | 

j 
 cntsianeninelncintaniedaneniantcaastbacseatinenh 

\ FORTRAN ASSEMBLER J ASSEMBLER) 
S/R S/R | S/R | 

mgure Avs 

  

A3.2.2 FORTRAN - DAP=16 Communication 

Communication between DAP and FORTRAN can be achieved by loading 

together subroutines in object code. Transfer of information between DAP and 

FORTRAN can be achieved in either of two ways. These are, 

a) By reference to items in COMMON. 

b) By argument transfer. 
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The first of these requires a knowledge of the way DAP and FORTRAN 

allocate COMMON storage and the second requires a knowledge of the way 

FORTRAN compiles CALL statements. 

Common Storage Allocation 
  

Common storage declared in FORTRAN programs is allocated in the 

following way :- 

(a) Blank common storage is allocated first so that the variables in blank 

common are assigned storage, in the reverse order to which they are declared, 

starting at the high end of store, immediately below the initial common base 

and working downwards in the store. 

(b) Variables in both named blocks and unnamed blocks of common 

storage are then assigned storage in the reverse order to which they are 

declared starting immediately below any variables in blank common (or, if 

there is no blank common, below the initial common base) and, again, 

working downwards in the store. 

Thus the following statements 

COMMON A,B /BLI1/C,D//E,F 

COMMON X,Y,Z /BL2/R,S,T 

will result in the following allocations. 

A3=-6
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* Initial COMMON base           
Common storage declared in DAP programs is illustrated by the following 

example. 

AA COMN 4 

BC COMN 6 

cA COMN 6 

DD COMN 8 

The first statement allocates identifier 'AA' four words below the initial 

COMMON base, and the second allocates 'BC' six words below 'AA' (i.e. 

ten words below the initial COMMON base), and so on for the remaining 

statements. 

Thus, if a DAP program with the above COMN statements is loaded into 

core in the same job as the FORTRAN COMMON statements, they will be the 

following association of identifiers. 

AA : Ye 

AA+2. : Le 

BC : A 

BC+2 3 B 
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BC+4 523 Xx 

cc : R 

CCH2 2 Fe S 

CCt+4e ss T 

DD : C 

DD+2.5.s D 

DD+4 ; E 

DD+6 : F 

Argument Transfer 

The DAP-16 code generated by a FORTRAN CALL statement is as follows. 

For 1 argument : JST routine 

DAC argument 

For n arguments : JST routine 

DAC argument 1 

DAC argument n 

OCT 0 

Knowing this, it is possible to write a DAP subroutine that makes a CALL ona 

FORTRAN subroutine. 

When writing a DAP subprogram that is called by a FORTRAN program, 

it is possible to use the standard FORTRAN library subroutine F$AT to effect the 

argument transfer. This has the added advaniage thatall levels of indirect addressing 
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in the argument are removed on transfer, thus possibly increasing efficiency. 

An example of a call on F$AT is as follows:- 

DAC ne 

CALL F$AT 
OCT 238 
OCT 0 
OCT 0 

OCT 0 

Link word of subroutine 

No. of arguments. 

Locations to which 

addresses of arguments 

are transferred. 

The call on F$AT must follow the link word of the called subroutine. 

The form of actual arguments compiled by FORTRAN is as follows :- 

Identifiers 

Array Element 

Array Name 

Hollerith constant 

Expression 

the address of the identifier 

the address of the array element 

the address of the first element in the array 

the address of the first word of the constant 

the address of the resultant value of the expression 
(includes arrays with non-constant subscripts) 

A3.2.3 BASIC-FORTRAN Communication 

To call a FORTRAN subroutine from a BASIC program the user writes an 

instruction of the form 

CALL (R, A, B, C) 

where R is the subroutine reference number and A, B and C are the BASIC 

variables corresponding to the arguments of the FORTRAN subroutine. For 

example, if subroutine 1 was defined by the FORTRAN statement 

SUBROUTINE SUBR (CONCI, CONC2, RATE) 
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a BASIC call to this routine would be CALL (1, Cl, C2, Rl). The arguments 

are transferred automatically by the CALL F$AT generated by the subroutine 

compilation.. 

It is important to note that (in FORTRAN terms) a BASIC program contains 

only real variables. Therefore, if the FORTRAN subroutine contains variables 

of any other type the user must arrange the conversion outside the BASIC program. 

For example, if a FORTRAN subroutine MATOP (N, A) in which N is an integer 

and A is a real array to be used, the conversion could be handled by another 

subroutine: 

SUBROUTINE CONVN | (X, A) 
DIMENSION A(1) 
N = INT (X +0.5) 
CALL MATOP (N, A) 
X = FLOAT (N) 
RETURN 
END 

The subroutine CONVN might be subroutine 1 and MATOP would be a 

subroutine of CONVN. A call from the BASIC program would be 

CALL (1, N, A(O)) 

in which N is of course a real variable. Unlike FORTRAN, arrays are. 

subscripted in the CALL argument list. Usually, unless otherwise required, 

the first element of the array appears in the argument list. 
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A3.2.4 The Structure of BASELINE 
  

Figure A3.3 shows a block diagram of the FORTRAN and assembler 

subroutines that comprise the BASELINE compiler. Programming is carried out 

at four district levels: 

a) The BASIC level , 

b) The high level (FORTRAN) , 

c) The intermediate level (assembler) . 

d) The low level (assembler) , 

At the BASIC programmer level there are 8 distinct subroutine operations 

~ available through the CALL statement - 

1. To scana single channel. 

2. To scan the MDP200 clock in hours and minutes , 

3. To scan the MDP200 clock in seconds and tenths of seconds, 

4. Toscan the MDP200.scan identification wines 

5. To stop the real-time clock and set interrupt masks, 

6. To test the H316/MDP200 sense switches. | 

7. Toscan repetitively a given channel range at a fixed time interval. 

8. To execute the problem independent section of the Kalman filter 

algorithm. 

Subroutine No. 8 is not an on-line subroutine and is described separately 

in Section A3.7. Each of the on-line operations is effected by calling the high- 

level FORTRAN subroutine where the BASIC arguments are transferred 
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and integer/real conversion takes place. From the high level, the calls to the 

scanning and interrupt handling routines are programmed in assembler at the 

intermediate level. At the lowest level are the fundamental assembler 

soubroutines that are written specifically to control the MDP200/H316 

interface and sense switches. 

A3.3 The Low Level Subroutines 
  

A3.3.1 Subroutine GOGET 
  

The most fundamental subroutine for the on-line system is subroutine 

GOGET - Program A3.1, which performs the control of the interface in emulating 

| the PDS1020. Basically, this consists of outputting BCD commands and 

receiving BCD results in the correct timing sequence. When the subroutine is 

entered, the A-register contains a 16-bit BCD command word of the following 

@ oes 

IONN - Scan channel NN (filter in) 

SONN = = Scan channel NN (filter out) 

9000 - Read clock (hours and minutes) 

LOOO - Scan identification switches 

C000 ~ Real clock (seconds and tenths of seconds) 

where L and C are the BCD equivalent of decimal 10 and 11. 

When the logger is enabled, the command word is output to the buffer and 

multiplexer and the program waits for the slower MDP200 to perform the scan and 

return the resulting 16-bit BCD data word to the buffer. When this is complete 
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the result of scanning is input to the A-register as a 16-bit BCD word, converted 

to binary by subroutine BCDBIN and if the MDP200 sign bit is negative, the two's 

complement is formed. Thus, when the execution of GOGET is complete the 

A-register contains a 16-bit binary integer equivalent of the 4 digit BCD result. 

A3.3.2 Subroutines BCDBIN and BINBCD 
  

All output from the MDP200 is in the form of four digit BCD, which must 

be converted to a single-word binary constant in the H316. Also, all output 

commands to the MDP200 must be formed in BCD from the binary equivalent of 

the channel number. 

An algorithm for converting from binary to BCD is ee by Dean (A3.)). 

A digit b in a binary number b - b - b has a decimal equivalent given 

by - Multiplication of a binary digit or a binary number by 2 can be 

accomplished by shifting the binary digit or word one digit in the direction of 

the most gigeificont bit of the word. Repeated shifting, x times, can be utilised 

to multiply a digit or binary number by 2°. The shifting technique of obtaining 

2” can be used as part of an algorithm to obtain the BCD equivalent of a binary 

word. Since a BCD output is desired, the result of each multiplication must be 

converted to the BCD format. If, for example, binary 1000 (8) is multiplied 

by 2, the binary word 10000 (16) is formed; however, in BCD code the 16 

becomes 0001 0110. Thus 6 must be added to the binary 10000 to form the 

corresponding BCD output. The same result can be obtained by adding 3 to the 

binary 1000 before the multiplication. The shift operation then multiplies the 

binary 1011 by 2 to form the BCD 0001 0110. This forms the basis of the 
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ADD-3 algorithm; 3 must be added prior to multiplication any time the number 

in a BCD decade reaches 5 or more, corresponding to 10 or more after the 

multiplication. The steps in converting an 8-bit word are shown in Figure A3.4. 

In every step, each decade is incremented by 3 if the binary representation of 

the number in that decade equals or exceeds 5. 

For a 16-bit word, the algorithm is implemented in subroutine BINBCD 

Program A3.2. On eniry to the subroutine, the binary word is transferred to 

the B-register and the combined A and B registers are treated as a 32-bit shift 

register. Each time the number is ‘long shifted’ one bit into the A-register, 

~ each four bit decade (in the A-register) is fatored to test the numerical value 

of the most significant decade and add 3 when required. This procedure is 

repeated until the whole binary number is converted to BCD in the A-register. 

In subroutine BCDBIN, Program A7.3, the procedure is reversed and the 

BCD number is shifted one bit into the B-register as the SUBTRACT-3 algorithm 

is executed. Before exit from the subroutine, the binary number is returned from 

the B-register to the A-register. 

A3.3.3 Subroutines SAVE and REST 
  

Each time the H316 real-time clock interrupts a running program to execute 

subroutine SERV, the address of the current instruction immediately transfers 

to the address given by the contents of location 61 (ctal) - the H316 single 

hardware interrupt address. Before subroutine SERV can be executed, the 

essential registers of the computer must be preserved so that after interrupt is 
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serviced, the original program execution sequence can be continued. 

Subroutine SAVE, Program A3.4, preserves the A, B and index registers and 

the computer keys following interrupt. The computer keys represent in a 

single word, the state of the hardware processors of the machine (e.g. 

hardware arithmetic unit, extended addressing, etc.). The instruction INK 

forms the bit pattern corresponding to the keys in the A-register. Program A3.4 

also includes subroutine REST which restores the register and the keys preserved 

by SAVE. This takes place when subroutine SERV has been executed and 

control is ready to retum to the interrupted program. 

A3.3.4 Subroutine SENS 
  

A useful extension to the BASIC compiler that provides remote program 

se rrol is the ability to test the state of the H316 and MDP200 sense switches.. 

The low-level subroutine that performs this, subroutine SENS is shown in 

Program A3.5. The subroutine can be accessed directly from FORTRAN; there 

are two integer arguments. The first argument indicates the number of the 

switch to be tested and into the second argument is placed a constant whose 

value is dependent upon the state of the switch. If the switch is on the value 

is 2 otherwise it is unity. - 

The subroutine forms the test sense switch instruction by its own internal 

software since the instruction is related to theswitch number. A shift 

instruction is first formed from the switch number which operates on a fixed bit 

pattern to form the test instruction. Before exit from the subroutine the 
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numerical result of the test is copied to the calling program. 

A3.3.5 Subroutine ENAB 
  

In the event of a program error or a plant breakdown, it is essential to 

stop the real time clock. If it is not halted the interrupt service routine may 

continue ad infinitum since the computer is always running when BASIC is 

operational. Subroutine ENAB, Program A3.6 permits the interrupt mask 

bits (i.e. the bit pattern determining the devices permitted to interrupt at 

any time) to be set from FORTRAN or BASIC. The subroutine has a single 

integer argument defining the mask bit pattern. If the argument is zero, all 

interrupts are inhibited and the real time clock is stopped and reset. Non-zero 

arguments are described in the listing of Program A3.6. 

A3.4 The intermediate level subroutines 
  

A3.4.1 Subroutine SWITCH 
  

Subroutine SWITCH, Program A3.7, is an assembler subroutine written in 

FORTRAN compatible form to read the MDP200 scan identification switches. 

The single integer argument : the binary equivalent of the 4 digit value set 

on the switches. On entry, the MDP switches code - 60000 octal (L000 BCD) 

is loaded into the A-register prior to calling subroutine GOGET. When the 

binary result is returned from GOGET in the A-register, it is forced to be 

positive. This is due to separation of the BCD value from the sign bit in GOGET. 

If the sign bit on the ADC is negative then the result from GOGET for the 
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~ MDP200 clock and the scan switches will also be negative. Prior to exit, 

the result of the scan is copied into the calling program. 

A3.4.2 Subroutine SECS 
  

Subroutine SECS, Program A3.8, is an assembler subroutine written in 

FORTRAN compatible form to read the MDP200 clock in seconds and tenths 

of seconds. The single integer argument is the Boe dauivelint of the 4 

digit BCD value returned from the clock. The ‘ocsbsigaistean two digits 

represent seconds and the least significant tenths of seconds.. On entry, the 

seconds code ~ 70000 octal (C000 BCD) is loaded into the A-register prior 

to calling subroutine GOGET. The binary result, returned from GOGET, 

is forced to be positive before being copied into the calling program. 

A3.4.3 Subroutine HRSMIN 
  

Subroutine HRSMIN, Program A3.9, is an assembler subroutine written in 

FORTRAN compatible form to read the MDP200 clock in hours and minutes. The 

single integer argument is the binary equivalent of the 4 digit BCD value 

returned from the clock. The most significant two digits represent hours and 

the least significant minutes. On entry, the code - 50000 octal (9000 BCD) 

is loaded into the A-register prior to calling subroutine GOGET. The binary 

result, returned from GOGET is forced tobe positive before being copied into 

the calling program. 
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A3.4.4 Subroutine SCAN 
  

The principal operation of controlling channel scanning is performed 

by subroutine SCAN, Program A3.10. This isa FORTRAN compatible 

subroutine with 3 integer arguments. The arguments are:- 

1. The channel number 

2. The binary result of scanning 

3. An error flag 

On entry to the subroutine, the channel number is examined. If it is 

outside the range 0 - 40, the error flag is set to unity and the subroutine is 

exited. If the channel number is within the correct range, it is 

converted to BCD by subroutine BINBCD and formed into the MDP200 channel 

Scan command. The contents of the A-register are then output to subroutine 

GOGET where the scanning is carried out. On return from GOGET, the 

binary result is copied into the calling program, the error flag is set to zero 

and control is returned to the FORTRAN or BASIC calling program. 

A3.4.5 Subroutine INT 
  

Subroutine INT, Program A3.11, is the interrupt handling routine for the 

BASELINE compiler. Interrupt is derived from one source only, the H316 real 

time clock, and when interrupt occurs a single program is to be executed - 

subroutine SERV. Subroutine INT is a FORTRAN compatible subroutine with a 

single integer argument - the number of real time clock counts of 20 milliseconds 

between each interrupt. 
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The real time clock consists of a 16-bit counter that is incremented once 

every 20 milliseconds. When the counter (location 61) is full an the bit 

pattern changes from all ones to all zeros the hardware interrupt line is set. 

This means that if a fixed bit pattern is stored into the counter each time 

interrupt occurs, the current program execution will be interrupted at a fixed 

frequency. This enables repetitive operations such as scanning, to be given 

priority over other programs at fixed times. 

When the subroutine is entered the two's complement form of the argument 

is stored into location 61, the real time clock is started and the address of the 

beginning of the interrupt service program (location AA) is stored into location 

63. Control is then returned to the FORTRAN calling program. 

When interrupt occurs, execution immediately transfers to location 

AA, Program A3.11, where the real time clock is temporarily stopped and the 

registers and keys are preserved by subroutine SAVE. 

The program then transfers the locations of the arguments following the 

prior explicit call to subroutine SERV to the locations following the interrupt 

service call to SERV (location DD onwards). The arguments are copied in the 

format of FORTRAN programs described in Section A3.2.2, so that an implicit 

call to SERV is established. When all the arguments are copied, subroutine 

SERV is executed. 

Following the execution of subroutine SERV, the registers and keys are 

restored by subroutine REST and program execution order is transferred back to 
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the program originally interrupted. Once the arguments to subroutine SERV 

are established, the execution procedure, described above, is repeated each 

time interrupt occurs and cannot be modified from FORTRAN or BASIC programs. 

In order to establish the arguments it is necessary to call SERV (and hence 

F$AT) at least once explicitly before interrupt.occurs. - 

A3.5 The High Level Subroutines 
  

In order to communicate:between BASIC and assembler, the high-level 

FORTRAN subroutines are available for each BASIC call. In all cases the 

_ subroutines provide essential conversion between real and integer format. The 

subroutines are presented in the order in which the starting addresses are stored 

in BASIC, 

A3.5.1 Subroutine BSCAN 
  

Subroutine BSCAN, Program A3.12 is a FORTRAN subroutine that scans 

a single channel of the MDP200. The three arguments are the real equivalent 

of the integer arguments of subroutine SCAN. The BASIC call to this subroutine 

is of the form 

CALL: (lj2G5-V,&) 

A3.5.2 Subroutine BHRMIN 
  

Subroutine BHRMIN, Program A3.13, is a FORTRAN subroutine that scans 

the MDP200 clock in hours and minutes. The single argument is the real 
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equivalent of the integer argument of subroutine HRSMIN. The BASIC call to 

this subroutine is of the form 

GALL (2, H) 

A3.5.3 Subroutine BSECS 
  

Subroutine BSECS, Program A3.14, is a FORTRAN subroutine that scans 

the MDP200 clock. The single argument is the real equivalent of the integer 

argument of subroutine SECS. The BASIC call to this subroutine is of the form, 

CALL 23, 5) 

A3.5.4 Subroutine BSWITCH 
  

Subroutine BSWITCH, Program A3.15, is a FORTRAN subroutine that 

scans the MDP200 scan identification switches. The single argument is the 

real equivalent of the integer argument of subroutine SWITCH. The BASIC 

call to this subroutine is of the form, 

CALL (4, S3) 

A3.5.5 Subroutine BENAB 
  

Sy becarne BENAB, Program A3.16, provides real/integer conversion 

between BASIC and assembler subroutine ENAB. The integer form of the real 

argument sets the hardware interrupt masks. If the argument is zero, all 

interrupt is inhibited. The BASIC call to this subroutine is of the form, 

ECALL, 6; D 
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A3.5.6 Subroutine BSENS 
  

Subroutine BSENS, Program A3.17, provides real/integer conversion between 

BASIC and assembler subroutine SENS. The integer form of the first argument 

determines the sense switch to be tested. The numerical result of the testing 

(2 if on, otherwise unity) is stored in the second argument. The BASIC call to 

this subroutine is of the form, . 

CALL’ (6$4, A) 

A3.5.7 Subroutine SERV 
  

During on-line experiments that require repetitive channel scanning, 

subroutine SERV, Program A3.18, is executed. After an initial explicit call 

to this subroutine, it is executed each time the H316 real time clock interrupts. 

There are 8 real arguments: 

1. RINT - the interrupt interval in seconds , 

257°tO ~ the lowest channel number to be scanned, 

3s Hi - the highest channel number to be scanned, 

4. ENS - the number of repetitive scans at each interrupt 

that forms the ensemble average , 

5. VALUE - the array into which the results are stored , 

6. SCREQ - the total number of interrupts required , 

7. SLDONE - the total number of interrupts up the current 

time . 

8. ERROR - an error flag set if the channel is out of range. 
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At the first explicit call to this subroutine the addresses of the arguments 

are established for transferring to subroutine INT. If the value of NINT is zero, 

the real time clock and interrupt handling routines are not established. When 

NINT is non-zero, subroutine INT is called to start the real time clock and 

establish the arguments for executions of SERV on interrupt. Following 

_ conversion of the real.arguments to integer, channels LO = HI are scanned 

consecutively (by subroutine SCAN), ENS number of times, and the average 

for each channel is stored in VALUE (Channel No.,SCDONE). If, at any time, 

the channel pul is out of range, the nee flag (ERROR) is set and the real 

time clock is stopped. Subroutine SERV is executed each time interrupt occurs 

until either SCDONE = SCREQ or the fifth BASELINE subroutine (BENAB) is 

called with a zero argument. 

Since the addresses of the BASIC variables that form the arguments are 

preserved by subroutine INT, it is important to note that the arguments must be 

BASIC variable names and not constants. Also, since only one-dimensional 

dynamic arrays are available in Honeywell FORTRAN, the first dimension of 

variable VALUE, at the BASIC level, must be 39 (i.e..40 possible channels). 

Thus, the BASIC call is of the form, 

CALL (7, 1, NI, N2,.E3, A(,0), $3, $4, E1) 

where A is previously defined by, say, 

DIM A(39,20) 
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A3.6 The BASELINE Package System 
  

A3.6.1 General 

When the object code form of the subroutines at all levels is available, 

it can be loaded into core together with the BASIC compiler. Further library 

subroutines (object code) are then loaded and manual patches inserted. 

Loading subroutine SERV is a separate procedure to loading the other 

BASELINE subroutines. If a library routine is shared by another subroutine 

(say BSENS), in addition to SERV, and interrupt occurs during the execution 

of BSENS at the library subroutine, then program secures will never return 

to BSENS beac the subroutine link address (DAC **) is corrupted by the 

call to the same subroutine from SERV. This means that two separate loading 

procedures must be carried out; the first for the six non-interrupt routines and 

the second for subroutine SERV. A knowledge of the behaviour of the 

BASELINE program when execution errors occur is important. When a BASIC 

program execution error occurs the computer does not stop so that the real 

time clock will continue interrupting. This is avoided by manually patching 

a 'stop real time clock' instruction into the BASIC compiles each time a 

question mark character is output. In particular, this character is output after 

a BASIC execution error is located by the compiler. When a FORTRAN 

execution error occurs, the computer halts. This is undesirable since the 

interactive facility of BASIC, and hence the remote on-line program control 

is immediately lost. This is avoided by manually patching a jump back into 

BASIC from the FORTRAN error routine, F$ER, when the question mark 
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character will be output, and hence the real time clock stopped so that the 

execution error can be investigated. 

Sector 0, or base sector, of the computer core provides vital link 

addresses for cross sector memory-reference instructions. The writers of the 

BASIC compiler have allocated ‘locations 716 to 777 (octal) of base sector 

for link addresses for user-written subroutines. This represents a very limited 

number of link addresses for the BASELINE subroutines and only by judicious 

location of subroutine starting addresses can they be loaded. Pacnation ofa 

BASELINE system tape containing the first seven subroutines is described here. 

For subroutine KALMAN, the available base sector storage is insufficient and 

the loading procedure described in Section A3.7.2 is adopted. 

A3.6.2 Construction of the System Tape 

The 12K baseline system tape is formed as follows. The prime refers to an 

octal number. | 

1. The computer memory is cleared 

2. The standard BASIC compiler is loaded into core (Sectors 0 - 7). 

This a self loading system tape (SLST). The following manual 

patches are made to stop the rea time clock each time the 

question mark character is output. 

Location Contents 

1505 JIMP2:5775 

'774 OCT 1506 

'775 “OCP '220 
'776 IAB 

‘777 ~ JMP* '774 A3- 27



3. The special loader, LDR-APM (SLST), described in Section A3.6.3 

that loads above itself is loaded into sectors 12 -'16. Location 

‘15000, initial common base ae to '27777 (top of core). 

Punch and load object tape, PAL-AP is loaded into sector '20 by 

LDR-APM so that the complete system tape can be prepared when 

loading is complete. The address to which the relocatable bookstrap 

of the final system tape is to be directed ('27600) is patched into 

location '20575. 

The first six BASELINE subroutines are force loaded into memory 

from '26330 using LDRAPM. Base sector is set to '716. 

The remaining on-line assembler tapes are loaded together with the 

library routines. The following memory map is obtained. 

NAME ADDKESS 

* START 26327 
*HI GH STS 1G 
*NAMES 12564 

* COMN CHAT 

* BASE ° 20735 
ACS 08073 

BSCAN 26330 
BHRMIN 26376 

BSEGS 26414 

BSWTCH 26432 
BEN AB 26456 

BSENS 26476 
HRSMIN 26534 
SECS 26556 
SWI T6H 26564 

ENAB 26608 
SENS 26616 

SCAN 26654 
GOGET 26714 
BINBCD 26744 

BCDBIN 27088 
FLOAT 276026 

INT 27836 

IDINT 27036 
IFIX 27636 

C$12 27046 

C$el1 27162 

S$2e2 27132 
A3 -28



AS22 

MS2e 

KEAL 

Lb See 

HS$2e2 

EP SIGK 

FSHT 

FSAT 

ARGS 

AC] 

AC2 

AC3 

ACS 

7. Location F$ER + '30 is modified to permit re-entry to BASIC 

following a FORTRAN execution error. 

Location 

FSER + 30 

'760 

(BASIC is re-entered at location '1000). 

8. A-separate loading procedure is initiated for subroutine SERV 

27146 

ais6e 

21314 

27374 

27404 

27422 

27432 

27476 

Lisle 

2 ote 

BUSTS 

27574 

Sodio 

Contents 

JMP* '760 

‘1000 

from location '24016. The following memory map is produced 

NAME 

* START 

*HI GH 

*NAMES 

* COMN 

* EASE 

ACS 

SERV 

INT 

SCAN 

ENAB 

SAVE 

KEST 

FLOAT 

IDINT 

IFIX 

MS11X 

MS11 

MS$22X 

ADDRESS 

24015 
2626¢e 
12567 
CAEL 
OB756 
080973 
24016 
244708 
24576 
24636 
24654 
24676 

24706 

24716 
24716 
24720 
24720 
25060 
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10. 

MS$2e 
DS22Xx 
D$22 
C$12 
C$2l 
Snee 
AS2e 
MS22 
KEAL 
be2e 
H$e2e2 
FSER 
FSHT 
FSAT 
ARGS 
AC] 
ACe 
AC3 
AC4 
GOGET 
BIN BCD 
BCDBIN 

25060 

251-61 

25161 

25426 

25452 

25504 

ecale 

25734 

25746 

25746 

25736 

25774 

26004 

26842 

26124 

26144 

26145 

26146 

26147 

26159 

262890 

26234 

Location F$ER + 30 for the subroutine SERV library routines is 

modified as described above. 

The starting addresses of the BASELINE subroutines are stored in 

the reserved area of the BASIC compiler. 

Location 

'516 

ale 

'520 

(oat 

"S22 

'523 

'524 

Contents 

'26330 _ 

'26376 

'26414 

'26414 

126432 

'26476 

124016 
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11. PAL-AP is used to punch the contents of memory from '100 to '27575 

to form the BASELINE system tape. 

A3.6.3 Special LDR-APM 
  

In order to enter object programs into the highest part of memory, it is 

necessary to construct a version of the loader LDR-APM which is resident in 

a lower section of core but loads programs above itself. This is performed 

as follows: 

1. The computer memory is cleared 

2. LDR-APM (SLST) is loaded into core , 

3. LDR-APM (OBJECT) is loaded into the desired sector by means of 

LDR-APM (SLST) 

4, PAL-AP (OBJECT) is loaded into any available sector of memory. 

5S. In the new LDR-APM, relative address '2000 is set to the new 

initial common base, i.e. the highest location in memory . 

6. Lebation '575 of the PAL-AP saci is set to 'NN600 where NN 

is the highest sector in memory. 

7. The new LDR-APM (SLST) is punched out by PAL-AP, 
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A3.7 Subroutine KALMAN 
  

A3.7.1 General 

For experiments in on-line real time filtering, it is essential to include 

the Kalman filter algorithm (A3.2) as a FORTRAN subroutine, in the BASELINE 

compiler. This minimises the execution time of the algorithm and separates the 

problem independent calculations from the integration of the mathematical 

model carried out at the BASIC level. The principal disadvantage of including 

Bisuthis KALMAN is that there is insufficient base sector available for it 

to be loaded as the other BASELINE subroutines. 

The base sector problem is overcome by use of the FORTRAN Translator 

(43.5). This package enables FORTRAN programs to be mixed with assembler 

instructions to produce a single source tape containing assembler source only. 

Object code is produced in the usual way by assembling the translator output. 

This means that if the overall size of the subroutine is known, the SETB (set 

base) pseudo-operation can be included in the FORTRAN program so that base 

_ sector can be relocated to the sector of the loaded subroutine. This procedure 

avoids the use of sector zero as base sector. . 

) 

One limitation of using the FORTRAN translator is that doubly ob clair 

arrays are not permitted in the subroutine argument list. Since the filter 

algorithm is conveniently programmed in two dimensional form, it is still 

possible to maintain the structure of the algorithm by a non-standard feature 

of FORTRAN available with the Honeywell FORTRAN Translator. This is the 

use of an integer function with arguments used as an array subscript expression. 
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Thus, if the maximum size of an array is stated as 10 x 10, an integer subscript 

function is defined by 

LiCl) dee el + Gael) * 10 

and a two-dimensional algorithm can be translated in the form A(L1 (1, J)) 

where A is a singly subscripted variable. The combination of the integer 

- subscript function to overcome the translator deficiency and the translator 

itself to perform base sector relocation means that Kalman filter subroutine can 

be included in BASELINE. 

A3.7.2 Subroutine Translation 
  

Combined FORTRAN and assembler source is shown in Program A3.19. 

FORTRAN Translator source code is identical to standard FORTRAN code but 

assembler instructions have a letter A in column 1. The DAP-16 operation code 

and address field are separated by commas. Examples of Tiahsletor code are 

shown in Program A3.19. 

The program translation is an iterative process. A first translation is 

carried out without assembler instructions included to define the byerall size 

of the subroutine. When the size is established, sector boundaries are determined 

based on a fixed starting address for the subroutine. The number of link addresses 

for each sector is estimated and the following assembler code inserted at the 

start of each sector. 
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A SETB, * + 1 

A JMP, * + NN 

A BSS, NN 

The SETB pseudo-operation produces object code to inform the loader 

that base sector is to be relocated to the current address. The JMP operation 

transfers program execution over the NN locations estimated to be sufficient 

for the link addresses for this sector. There are three base sector relocations 

in subroutine KALMAN. 

When ne subroutine is translated, the resulting source tape is Gisemblad 

and loaded. At this stage an indication of the number of locations in each 

sector used as link addresses is available by taking a memory map. If the 

number is insufficient the program must be retranslated with NN increased 

for the appropriate sector. 

A call to the subroutine is of the form 

CALL (8, F(0, 0), Q(0,0), RO, 0), M(O, 0), P(O, 0), X(0), Y(0), 

El, S(0, 0), K(O, 0) N, M) 

where the variables are defined in Program A3.9. 

A3.7.3 Loading Subroutine KALMAN 
  

Subroutine KALMAN is added to the 7 subroutine version of BASELINE 

by the following procedure. 
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1. The 7-subroutine BASELINE system tape is loaded and a memory 

map output. 

2. KALMAN object tape is force loaded from '21000 so that the library 

routines of SERV are made available. Subroutine KALMAN requires no 

further base sector. 

3. Subroutine SUB$, required as a result of the integer subscript function 

inthe FORTRAN translation, is loaded from '20640 with base sector set 

to the first available location indicated by the memory map. This uses 

one further base sector location. The following memory map is obtained 

NAME ADDRESS 

* START 24015 ah ; 
*HIGH 26262 
*NAMES 12545 
* COMN 21771 
* BASE 22033 
* BASE 23014 
* BASE - QA757 
ACS GG073 
SUBS 206 646 

KALMAN 21745 
SERV 24016 
INT P4470 
SCAN 24576 
EN AB_ 24636 
SAVE 24654 
REST 24678 
FLOAT 24780 
IDINT 24716 
I FIX 24710 
ME11X 24728 

MS11 24720 
M$22x 25086 
MS$e2e2 256066 
DS22x 25161 
psee 25161 
C412 25420 
CS$21 25452 
S422 25504 
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AS22 a Ae 

NSee 25734 

REAL 251-46 

LS2e 25746 

H$2e2 BOL O6 

ESSER Bots 

PSH I 2E084 

FSAT 26042 

ARGS 26124 

ACI 26144 

AC2 26145 

AC3 26146 

AC4 26147 

GOGET 26156 

BIN BCD 262ne 

BCDBIN 26234 

4. To provide input/output from the paper tape reader and punch, the 

following BASIC 1/O modification is made, 

Location Contents 

‘20601 SS3 

'20602 SMP Fete 3 

'20603 CRA 
'20604 . Sar STAM Oo 

'20605 LDA '406 
'20606 IMPE  e] 

‘20607 OCT 4143 
'20610 IRS '105 
'20611 CRA 

'20612 STA '106 

'20613° wie 2 

'20614 ‘IMP +2 

'20615 OCT 3065 

'20616 OCT 4575 

'20617 $S4 

'20629 SKP 
‘20621 IRS '106 
'20622 Jol eae 2 

'20623 UMRe tee 

'20624 OCT 3047 

'20625 OCT 4217 
120626 = IRS '105 

'20627 CRA 

'20630 STA '106 

‘20631 IMPRel 
'20632 ©GTL25245 
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and into BASIC the following modifications, 

Location Contents 

'4142 JMP* '761 
‘761 OCT 20691 
'4574 JMP* Jee 

'762 OCT 20610 

‘4211 JMP* 763 

'763 OCT 20617 

'5244 JMP* 764 

'764 OCT 20626 

These modifications enable the PRINT and INPUT statement of BASIC 

to operate through the high speed paper tape punch and reader respectively. 

When sense Ritch 3 is depressed all INPUT statements are directed to the 

paper tape reader, and when sense switch 4 is depressed, PRINT statements 

-are output to the paper tape punch. This provides a method of obtaining 

a hard copy of filtering results without speed restrictions of the teletype. 

5. The starting location of the 8th subroutine is inserted into the 

dedicated table within BASIC. 

Location Contents 

1525 '21745 (KALMAN), 
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PROGRAM A3. 1 

* SUBROUTINE | GOGET 

* PURPOSE - 

* DESCRIPTION - 

* CALLING- CALL GOGET 

SUBR GOGET 
REL 

GOGE DAC ** 
OcP ‘130 
SKS -'130 
JMP*+2 
JMP *-2 
OTA ‘1030 
SMP *-1 
SKS 51130 
SMP *=1 
SKS '630 
JMP *=1 
OCP: 130 
SRS 214130 
JMP -*+2 
JMP : °*~2 
INA ‘1030 
JMP *=1 
SKS +. '130 
JMP *-1 
CALL BCDBIN 
SKS —'530 
SKP 
TCA 
JMP* GOGE 
FIN 
END 

TO PERFORM CONTROL OF MDP200/H316 INTERFACE 
FOR CHANNEL, CLOCK AND SWITCH SCANNING. 

THE BCD COMMAND CODE IN THE A-REGISTER IS 
OUTPUT TO THE MDP200 BUFFER AND 
MULTIPLEXOR. THE RESULTING DATA ARE 

CONVERTED TO BINARY, COMPLEMENTED IF 

NEGATIVE AND RETURNED IN THE A-REGISTER. 

43-38 

ENTRY FOR GOGET 

ENABLE CHANNEL IN O/P MODE. 
READY TO CONTINUE? 

eS k 
NO, 

OUTPUT TO MDP200 

READY TO CONTINUE? | 

NO. 
YES - PAUSE FOR LOGGER TO 

WAIT. [RESPOND. 
ENABLE CHANNEL IN I/P MODE. 

READY TO CONTINUE? 

VES: 

NOws 

INPUT FROM MDP200. 

READY TO CONTINUE? 

-NO., 

YES - CONVERT TO BINARY. 
TEST SIGN BIT 

POSITIVE. 
NEGATIVE. 

EXIT.



PROGRAM A3.2 

SUBROUTINE 

PURPOSE - 

BINBCD 

TO CONVERT BINARY CONSTANTS TO BINARY 
CODED DECIMAL. 

DESCRIPTION . WHEN CALLED, THE BINARY NUMBER IN THE 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

SUBR 

REL 

BINB DAC 

STA 

CRA 
IAB 

LDA 
STA 

LDA 

IAB 
LZ 4 LDX 

L] SMI 

CAS 

JMP 
JMP 

JMP 

L3. ADD 

ALR 

IRS. 

JMP 
LLL 

IRS 
JMP 

JMP* 

FIN 

ZZ7*BSS 
XX BSS 
XY DEC 
YZ DEC 

END 

CALLING - 

A-REGISTER IS CONVERTED TO BCD BY THE ADD-3 

ALGORITHM. THE RESULT IS RETURNED IN THE 
A-REGISTER BUT B IS NOT PRESERVED. 

A3~-39 

CALL 

BINBCD 

*e ENTRY FOR BINBCD. 
ZZ PRESERVE BINARY CONSTANT. 

CLEAR B. 
XY SET. UP SHIFT COUNTER. 

-XX 
Tz 

PUT BINARY IN.B-REG. 
YZ ROTATE COUNTER. 

TEST BIT 16. 
='50000 
L3 CONVERT LEFT MOST- 
L3 FOUR BITS IF > =5. 
L3+1 
='30000 
ae ROTATE- 
0 FOUR TIMES. 
LI : 

LOGICAL SHIFT FROM B-REG. 
XX SIXTEEN TIMES 
L2 | 
BINB EXIT. 

1 
1 
-16 
-4



PROGRAM A3.3 

SUBROUTINE 

PURPOSE - 

DESCRIPTION - 

CALLING - 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

BCDBIN 

TO CONVERT BINARY CODED DECIMAL CONSTANTS 
TO BINARY 

WHEN CALLED THE BCD NUMBER IN THE A-REGISTER 
IS CONVERTED TO BINARY BY THE SUBTRACT - 3 
ALGORITHM. THE RESULT IS RETURNED IN THE 
A-REGISTER BUT B IS NOT PRESERVED. 

CALL BCDBIN 

SUBR BCDBIN 

REL 
BCDBDAC ** ENTRY FOR BCDBIN. 

STA ZZ PRESERVE BCD CONSTANT. 
(DA XY SET UP SHIFT COUNTER. 
STA ce ex . 
LDA? 3 27 

Loc Da Vr SET UP ROTATE COUNTER. 
LRL 1 LONG SHIFT INTO B-REG. 

Li 23 SPi TEST BIT 16. 
SUB —-='30000 
ALR 4 ROTATE- 
IRS 0 _ FOUR TIMES. 
JMP LI 
IRS RX LOGICAL SHIFT - 16 TIMES. 
JMPL2 

- TAB BRING BINARY BACK. 
JMP* BCDB EXIT. 
FIN | 

ZZ BSS 
XX BSS 1 
XY DEC (4°16 
YZ © DEC» 4 

END 
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PROGRAM A3.4 

Ob 
a 

N
e
 

OB 
oe 

re
 s

e 
OB

 
af

 3
4 

of 
Ue 

SUBR 
SUBR 
REL 

SAVE DAC 
STA 
|AB 
STA 
INK 
STA 
STX 
JMP* 

AA BSS 
REST DAC 

LDX 
LDA 
OTK 
LDA 
IAB 
LDA 
JMP* 
END 

SUBROUTINE 

PURPOSE - 

CALLING - 

SAVE AND SUBROUTINE REST 

TO PRESERVE OR RESTORE THE ESSENTIAL COMPUTER 
REGISTERS WHEN INTERRUPT OCCURS. 

DESCRIPTION =- THE INDEX, A AND B REGISTERS ARE HELD 

TEMPORARILY IN BUFFER AA TOGETHER WITH THE 
REGISTER KEYS. 

CALL 

CALL 

SAVE 

REST 

** 

AA 

AA+1 

AA+2 

AA+3 

SAVE 

** 

AA+3 
AA+2 

AA*+1 

AA 
REST 
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ENTRY FOR SAVE. 

PRESERVE A-REGISTER. 

PRESERVE B-REGISTER. 

PRESERVE KEYS. 

PRESERVE INDEX REGISTER. 
EXIT. 

ENTRY FOR REST. 
RESTORE INDEX REGISTER. 
RESTORE KEYS. 

RESTORE B-REGISTER. 

RESTORE A-REGISTER. 
EXIT.



PROGRAM A3.5 

SUBROUTINE SENS * 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

TEST 

PURPOSE - TO PERMIT TESTING OF SENSE SWITCHES 

FROM FORTRAN HENCE BASIC PROGRAMS 

DESCRIPTION = THE REQUIRED SENSE SWITCH NUMBER IS 
TRANSFERRED BY F$AT AND A TEST SENSE 

SWITCH INSTRUCTION IS FORMED BY LOGICAL 

CALLING - 

SUBR 

REL 

NS DAC 
CALL 

OCT 

OCT 

OCT 
LDA* 

CAS 
CAS 

JMP 

JMP 

TCA 

ANA 
ADD 

STA 

LDA 

SSM 

STA 

CRA 

AOA 
AOA 

STA* 

JMP* 
FIN 
END 

SHIFTING. 
2, ELSE] 

='77 
= '40400 
* +2 

= '40 

* 42 

SENS+4 

SENS 

A3-42 

IF ON, THE SECOND ARGUMENT IS 

CALL SENS (N SWITCH, N VALUE) 

ENTRY POINT. 
TRANSFER ARGUMENTS. 
NO. OF ARGUMENTS. 
ARG 1. 
ARG 2. 
LOAD SWITCH NO. 
OUT OF RANGE? 

AYES = EXIT: 

YES - EXIT. 

NO - 2'S COMP. 

FORM RIGHT SHIFT - 
INSTRUCTION. 

SET BIT PATTERN. 

SHIFT. 

SET BIT 1 TO FORM - 

SENSE TEST INSTRUCTION. 

TEST SENSE SWITCH. 
ITIS ON. 

lS SOFF. 

STORE IN ARG 2, 
EXIT.



- PROGRAM A3.6 

* SUBROUTINE | ENAB 

* PURPOSE - TO PERMIT RESETTING OF INTERRUPT FROM 

FORTRAN PROGRAMS. 

* DESCRIPTION - THE BIT PATTERN RECEIVED BY ARGUMENT TRANSFER 

IS OUTPUT TO THE I/O BUS TO SET THE 
APPROPRIATE MASK FLIP-FLOPS. 

Be 
ee 

ig
 

Mee
 
E
e
 

oO 
Baap

 
nee 

SO 
Oe 

ce
 

Sioa
 

Se, 
aes

 
eek 

ae 

ENAB 

El 

CALLING - CALL 

BIT PATTERN 

'40 
'200 

‘100 

nm 

'0 

SUBR ENAB 

REL 

DAC =" 

CALL F$AT 

OCT a 

OCT 2.0 

LDA* ENAB+3 

SNZ 

MP Et 

SMK ‘20 

ENB 

JMP* ENAB 
QGP 1220 

INH 
JMP* ENAB 

FIN 

END 
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ENAB (NBIT) 

DEVICE 

ASR 

PTR 
PTP 

RTC 
INHIBIT INTERRUPT 

ENTRY FOR ENAB. 

ONE ARGUMENT. 

SET BIT PATTERN IN A-REG. 
ZERO? 
YES. 
NO - RESET MASKS. 
ENABLE INTERRUPT. 
EXIT. 
STOP REAL TIME CLOCK. 
INHIBIT INTERRUPT. 
EXIT.



PROGRAM A3.7 

* SUBROUTINE SWITCH 
* 

* PURPOSE - 
See

 
0b 

i 
ee 

OP 
OE 

aR 
ae 

See 
oe 

SWIT 

CALLING - 

SUBR 

REL 

DAC 

CALL 

OCT 

OCT 

LDA 

CALL 
SPL 

TCA 
STA* 
JMP* 
FIN 

END 

TO SCAN THE MDP200 SCAN IDENTIFICATION 
SWITCHES FROM FORTRAN. 

DESCRIPTION - THE BINARY EQUIVALENT OF THE SCAN SWITCHES 

CODE IS OUTPUT TO THE.MDP200. THE RESULT IS 
TRANSFERRED BACK TO THE CALLING PROGRAM 

AS A FOUR DIGIT INTEGER ARGUMENT. 

CALL SWITCH (N VALUE) 

SWITCH 

** 

F$AT 
] 
0 
='-60000 
GOGET 

SWIT+3. 
SWIT 
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ENTRY FOR SWITCH. 

ONE ARGUMENT. 

MDP CODE, 

PERFORM SCAN. 
“IS NUMBER POSITIVE? 

NO = COMPLEMENT. 
YES - STORE BACK. 
EXIT.



PROGRAM A3.8 

SoCs 

PURPOSE - 

CALLING - 

SUBR 

REL 

DAC 

CALL 

OCT 

OCT 
LDA 

CALL 

SPL 

TCA 
STA* 

JMP* 

FIN 

END 

SUBROUTINE = SECS 

TO SCAN THE MDP200 CLOCK TO READ SECONDS 
AND TENTHS OF SECONDS FROM FORTRAN 

DESCRIPTION - THE BINARY EQUIVALENT OF THE CLOCK READING 

CODE IS OUTPUT TO THE MDP200. THE RESULT {S 

TRANSFERRED BACK TO THE CALLING PROGRAM AS 
A FOUR DIGIT INTEGER ARGUMENT 

CALL SECS (N VALUE) 

SECS 

k* 

FSAT 

] 

0 

='-70000 

GOGET 

SECS+3 

BECS 
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ENTRY FOR SECS. 

ONE ARGUMENT. 

MDP CODE. 
PERFORM SCAN. 
IS NUMBER POSITIVE? 
NO - COMPLEMENT 
YES.- STORE BACK. 
EXIT.



PROGRAM A3.9 

6
 

RS 
BES

 
IE 

CSRS
 

OR 
ahs 

Ser 
a 

a 
a 

abe
 

oa 

HRSM 

PURPOSE - 

CALLING - 

SUBR 

REL 

DAC 

CALL 

OCT 

OCT 
LDA 

CALL 

ae 
TCA 

STA* 

JMP* 

FIN 

END 

SUBROUTINE ~=HRSMIN 

TO SCAN THE MDP200 CLOCK TO READ HOURS 
AND MINUTES FROM FORTRAN. 

DESCRIPTION - THE BINARY EQUIVALENT OF THE CLOCK READING 

CODE IS OUTPUT TO THE MDP200. THE RESULT IS 
TRANSFERRED BACK TO THE CALLING PROGRAM AS 

- A FOUR DIGIT INTEGER ARGUMENT. 

CALL “HRSMIN (NVALUE) 

HRSMIN 

** 

FSAT 
1 

0 

='-50000 
GOGET 

HRSM+3 

HRSM 
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ENTRY FOR HRSMIN . 

ONE ARGUMENT .- 

MDP CODE. 

PERFORM SCAN, 
IS NUMBER POSITIVE? 

NO = COMPLEMENT . 

YES - STORE BACK. 

EXIT.



PROGRAM A3. 10 

* PURPOSE - 

. HENCE BASIC PROGRAMS. 

* DESCRIPTION - THE APPROPRIATE CHANNEL NUMBER TRANSFERRED 

. AS AN INTEGER ARGUMENT IS CONVERTED TO 

‘ BCD AND OUTPUT TO THE MDP200 FOR SCANNING. 
‘ THE RESULT IS TRANSFERRED TO THE CALLING 
- PROGRAM IN BINARY. IF THE CHANNEL NUMBER 

cf IS OUT OF RANGE THE ERROR FLAG IS SET TO 1 
. ELSE'O, 

* CALLING CALL SCAN (NCHANNEL, NRESULT, N ERROR) 

SUBR SCAN 

REL 

SCAN: DAC =. ™* ENTRY FOR SCAN. 

CALL FS$AT TRANSFER 3 ARGUMENTS. 
OC Ks 

OCT. 0 ARG 1. 
OCT :-@ ARG 2. 

OCT=.0 ARG 3. 

CRA CLEAR ERROR FLAG. 
STA 22 TS] 

LDA* SCAN+3 © GET CHANNEL NUMBER, 
CAS =0 TOO SMALL? 

UMP SGe NO. 

IMP SC2 NO. 

JMP = SC4 Vey: 

$C2. CAS =40 TOO LARGE? 

JMP = SC4 VES; 

JMP = SC4 TES. 

CALL BINBCD CONVERT TO BCD. 

ADD ='10000 SET UP MDP CODE. 

CALL GOGET PERFORM SCAN. 
STA* SCAN+4 STORE RESULT BACK. 
LDA TS) ZERO ERROR FLAG. 
STA* SCAN+5 

JMP* “SCAN EXIT. 

SC4. CRA SET ERROR FLAG. 
AOA ts 

STA* SCAN+5 STORE BACK. 

JMP* SCAN EXIT. 

$5.1. 3-BSS ] 
FIN 
END 

* SUBROUTINE SCAN 

TO SCAN A SINGLE CHANNEL FROM FORTRAN 
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PROGRAM A3.11 

* SUBROUTINE — INT 

* PURPOSE - = TO HANDLE INTERRUPT FROM THE REAL TIME 
: CLOCK AND INITIATE EXECUTION OF 
: SUBROUTINE SERV. 
* . 

* DESCRIPTION= THIS SUBROUTINE SETS UP THE INTERRUPT 
‘ FREQUENCY OF.THE REAL TIME CLOCK AND 
* ENTERS THE STARTING ADDRESS OF THE INTERRUPT 
* SERVICE PROGRAM INTO LOCATION 43. WHEN 
. INTERRUPT OCCURS, EXECUTION COMMENCES 
: FROM THE ADDRESS GIVEN BY LOCATION 63. THE 
* SINGLE INTEGER ARGUMENT IS THE NUMBER OF 
* 20 MILLISECOND COUNTS PERFORMED BY THE REAL 
? TIME CLOCK BETWEEN INTERRUPT (LOCATION 61). 

* CALLING- CALL INT(NINT) 
* a 

* 

SUBR INT 
REL 

INT DAG. 3* ENTRY FOR INT. 
CALL FSAT 
Oct) ONE ARGUMENT. 
Och. 04 
LDA* INT+3 LOAD NINT. 
TCA INVERT. 
STA: i361 STORE IN RTC ADDRESS. 
LDA BB INTERRUPT SERVICE ADDRESS. 
STA '63 | 
ENB ENABLE !NTERRUPT. 
LDAg =") SET RTC MASK. 
SMK  '20 
OCR #20 START CLOCK. 

—JMP* INT EXIT. 
B= DAG}. AA B 

* 

* 

* 

* 

* SUBROUTINE (CONTINUED) 
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PROGRAM A3.11 (continued) 

* SUBROUTINE INT (CONTINUED) 

Fe
 

ES
 C
R
 I
 

OR
 

ii
 

e
s
 

Sc
ie
 

ae 
ae

 
a 

IP 
W
e
 

> > 

DD 

DAC 

OCP 

CALL 

LDA 
ADD 

STA 

LDA* 
TCA 

STA 

IMA 

LDA 

STA 

IRS 

LDA* 

STA* 

IRS 

IRS 

JMP 
CRA 

STA* 

IRS 

LDA 
SUB 

SNZ 

JMP 

IMA 
LDA 

STA* 

IRS 

IRS 

JMP 

CALL 

BSZ 

BSZ 

FOLLOWING SUBROUTINE INT, EXECUTION 

RETURNS TO THE CALLING PROGRAM UNTIL 

INTERRUPT OCCURS. 

ON INTERRUPT THE EXECUTION SEQUENCE GOES 

TO LOCATION AA AS FOLLOWS. THIS PROGRAM 

REQUIRES A PRIOR EXPLICIT CALL TO SERV 

BEFORE IT CAN BE EXECUTED. 

1220 
SAVE 
ec 

TS] 

TS] 

TS2 

EE 

TS3 

Tol 

TS] 

TS3 

TS3 

*a5 

TS3 
133 
=-10 
TS2 
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HERE WHEN INTERRUPT OCCURS 

STOP RICY 
SAVE REGISTERS & KEYS. 

FIND THE NUMBER OF - 

ARGUMENTS FOR SUBROUTINE - 

SERV FROM PRIOR EXPLICIT CALL. 

TWO'S COMPLEMENT. 

STORE IT FOR LATER. 

STORE IT IN INDEX REGISTER. 

DEFINE LOCATION FOR - 

POSITIONING OF ARGUMENTS - 

FOR NEW CALL SERV. 

LOAD FROM EXPLICIT CALL. 

STORE IN NEW CALL. 

FOR ALL ARGUMENTS. 

EXTRA ZERO REQUIRED FOR ~ 
FORTRAN. 
HAVE WE FILLED ALL NEW - 
ARGUMENT BUFFER - LOCATION DD 
ONWARDS? 
YES. 
NO - ENTER REDUNDANT - 
OPERATIONS FOR REMAINING - 
LOCATIONS. 

ALL COMPLETE NOW. 
EXECUTE NEW SERV AND ALL - 

SUBSEQUENT EXECUTIONS FROM - 

HERE



PROGRAM A3.11 (continued) 

* SUBROUTINE INT (CONTINUED) 
* 

BSZ 
BSZ 
BSZ 
BSZ 
BSZ 
BSZ 
BSZ 

. BSZ 
SZ. 1 | 
CALL: REST RESTORE REGISTERS AND KEYS 
JMP* AA RETURN TO PRE INTERRUPT - 

CC | -KAC® SERV EXECUTION. 
TS] BSS 9} : 
TSP ess 
TSS BSS 1 
EE DAC ODD 
NOP OCT 101000 

FIN 
END 

- ARGUMENT LIST 
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PROGRAM A3. 12 
Q
A
R
M
A
A
N
A
N
R
A
A
A
A
A
A
A
A
A
A
A
A
A
 SUBROUTINE BSCAN 

THE FIRST BASELINE ROUTINE 

PURPOSE - TOsSSCAN ASIN GLE CH ANN ZL OF THE MDP2g¢g 

AND RETURN THE RESULT TO BASIC. 

DESCRIPTION - THIS SUBROUTINE PROVIDES INTEGER/ REAL 
CONVERSION FOR ASSEMBLER SUBROUTINE SCAN. 

THE REAL ARGUMENT ARE 3= 

le CHANNO = CHANNEL NUMBER 
2. VARBLE - RESULT OF SCANNING. CHANNO 
3< ERROR = A FLAG SET TO me LF CHANNO 

IS OUT OF RANGES. ELSE 3.9 

BASUC CALL ~: “CALLCIbGe Vy, ED 

SUBROUTINE BSCAN( CHANNO, VARBLE, ERROR) 
NCHAN = IFIXCCHANNO+. 5) 
CALL SCANCNCHAN.NVARSN ERR) 
VARBLE = FLOATCNVARD 
ERROR = FLOATCNERR) 
RETURN 
END 

PROGRAM A3.13 

C SUBROUTINE BHRMIN 
¢ 
© THE SECOND BASELINE ROUTINE 

ae 3 

C PURPOSE = TO SCAN THE CURRENT. VALUE OF THE MDP23g 
C CLOCK IN HOURS AND MINUTES. 
C 
C DESCRIPTION - INTO THE REAL ARGUMENT IS STORED Tue FOUR 
C DIGIT CLOCK READING. THE LEFTMOST TWO DIGITS 
C REPRESENT HOURS AND THE RIGHTMOST MINUTES. 
C THIS SUBROUTINE PROVIDES REAL/IN TEGER 
C CON VERSION FOR ASSEMB BLER SUBRO UT INE HRSMIN-» 

C 
GB BASIC CALL =~ CALLO2,H5 
6 
C 
C 

SUBROUTINE BHRMINCANS) 

CALL HRSMINCNANS) 

ANS = FLOATCNANS) 

RETURN 
END



PROGRAM AS. 14 

SUBROUTINE BSECSCANS) 

CALL SECSCNANS) 

ANS = FLOATCNANS). 

RETURN 

END 

PROGRAM A3.15 

C SUBROUTINE BSECS 
Le 

C TIE THIRD BASELINE ROUTINE 

C 
C PURPOSE - TO SCAN. ii GUF 2RENT VALUE OF THE MDP2GG 

C CLOCK IN SECONDS AND TENTHS OF SECONDS. 

eG 
6 DESCRIPTION <- INTO THE. REAL ARGUMENT 1S STORED THE FOUR 

c DIGIT CLOCK READING. THE LEFTMOST TWO DIGI 

C REPRESENT SECONDS AND THE RIGHTMOST TENTHS 

C THIS SUBROUTINE PROVIDES REAL/INTEGER 

a CON VERSION FOR ASSEMBLER .SUBROUTINE SECS. 
ee 

Be BASIC CALL .~ <CALL¢ 35:5) 
Cc 

eC 
C 

CG SUBROUTINE BSWTCI 

C 
GC THE FOURTH: BASELINE ROUTING 

C 
G. PURPOSE. TO SCAN THE FOUR DIGIT CONSTANT SET 
C MANUALLY ON THE MDP299 SCAN IDENTIFICATION 
c SWITCHES 
C 
SB DESCRIPTION =-INTO: TRE REAL ARGUMENT: 1S STORED JHE 
C ~ FOUR DEGIT VALUE. THIS, SUBROUTINE. PROVIDES 

C REAL/INTEGER CONVERSION FOR ASSEMBLER 
c SUBROUTINE .SWLTCH. 
c 
Gy BASIC > CALL =) CALLC 4353) C 

C 
C 

SUBROUTINE BSWTCH¢( ANS) 
CALL SWITCHCNANS) © 

ANS = FLOATCNANS) 

ETURN 

END 
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PROGRAM A3.16 

SUBROUTINE BENAB 

THE FIFTH BASELINE SUBROUTINE 

URPOSE’- TO SET THE H316 INTERRUPT MASK FLIP-FLOPS 

DESCRIPTION - THE INTEGER VALUE OF THE. REAL ARGUMENT 
iS TRON SE Eee 10° ASSEMBLER SUBROUTINE 
ENAB TO. SE aE MASKS -IF THE ARGUMENT IS 
ZERO, nee re INHIBITED AND THE H316 
REAL TIME CLOCK 1S STOPPED AND RESET. SEE 
SUBROUTINE ENAB FOR OTHER ARGUMENTS. 

BASIC CALL - CALL( 5,1) 

SUBROUTINE BENABCAS) 
MASK = IFIXCASK+. 3) 
CALL ENABCMASK) 
RETURN 
END 

PROGRAM A3. 17 

O
O
Y
V
A
O
O
I
A
0
O
O
 

O
0
1
 

o
O
o
 

So SUBROUTINE BSENS 

THE SIXTH BASELINE ROUTINE 

Pon Sk = TO TEST THE H316 SENSE SWITCHES FROM BASIC 

DESCRIPTION -THE SENSE SWITCH NUMBER GIVEN BY Ae ES! TESTED. 

hae IF ONs ANS = 2-8 ELSE ANS = 1.9 . TH SUBROUTINE 
PROVIDES INTEGER/REAL CONVERSION oa “ASSEMBLER 
SUBROUTINE SENS. NOTE THAT SWITCH 1 IS ALREADY 
DEDICATED TO BASIC PROGRAM BREAK. 

BASIC CALL - CALL(¢ 6.543 A) 

SUBROUTINE BSENS¢ SWNO. ANS) 
NOSW = IFT eae WNO+. 5) 

CALL -SENSC(NOSW.sNANS) 
ANS = FLOATCNAN S) 
RETURN 

iD pe f 

A38—53



S
F
E
O
Q
N
A
A
A
I
M
A
A
N
A
N
A
A
A
R
A
A
N
R
A
A
N
A
A
M
A
A
A
G
A
A
N
A
A
G
A
A
 

PROGRAM A3.18 

SUBROUTINE SERV 

THE SEVENTA BASELINE ROUTINE 

PURPOSE: = 

DESCRIPTION - 

TO SERVICE INTERRUPT FROM THE #316 
REAL TIME CLOCK. 

DUMMY ARGUMENTS :- 

1-, RINT -INTERRUPT INTERVAL ¢€ SECS) 
2020 ~LOWEST CHANNEL NO. 

Saetit *HIGHEST CHANNEL NO. 

4e ENS “ENSEMBLE SIZE 

Se VALUE=RESULTS STORAGE ARRAY 
6¢ SCREQ-TOTAL INTERRUPTS REQUIRED 
7e SCDON-NO. OF INTERRUPTS TO DATE 
Se ERROR“ERROR FLAG IF CHANNEL OUT 

OF RANGE. 

ON INTERRUPT THE H316 REAL TIME CLOCK 
IS RESTARTED AND CHANNELS LO = HI ARE 
SCANNED AND AN ENSEMBLE AVERAGE STORED 
AS VALUEC CH. NO... SCDONE). ARRAY VALUE 
MUST BE DIMENSIONED C39,NIO IN BASIC. 
WIEN SCDONE = SCREQ INTERRUPT IS HALTED. 
THE NORMAL EXIT FROM THIS SUBROUTINE 
[S THROUGH ASSEMBLER SUBROUTINE INT 
TO THE BASIC PROGRAM INTERRUPTED. 

BASIC CALL = CALL(C7s1sN15N 2s E83, ACB GB)» S35 S45 1) 
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PROGRAM A3. 18 (cont/..) 
“C SUBROUTINE SERV ( CONTINUED) 

SUBROUTINE. SERVC RINT, LOSHI.s ENS» VALUE, SCREQ, SCDONE, ERROR) 
REAL LO . 
DIMENSION VALUEC 42.1) 

DIMENSION SUMC 4@) 
NINTSIFIX¢ RINT5Q- 9+. 5) 

C 

C IF NINT = 8 ,»JUST SCAN AND RETURN. 

C 

IF (NINT) .1945 305 48 

AG CALL: INTCNINT) 

© PoORM INTEGERS 

36° NLO=IFIXCLO+. 5) 

NHISIFIXCHI +25) 

SCDON E=SCDON E+ 1.9 

NEN S=I FIXC EN S+. 5) 

NSCD=IFIXC SCDONE+. 5) 

N S=NHI-NLO+1 : 

C 
C. CLEAR SUMMATIONS 
C 

DO 5@ 1=NLO.NHI 
SUMCI)=3. 

50 CONTINUE” 
C 
C PERFORM SCANS 
C 

DO 68 151,NENS 
DO 18 J=14NS 
NC= NLO+J-1 
CALL SCANC(NC.NANS.NERR) 
IF(NERR-EQ-1) GOTO 19 
SUMCNC)=SUM(NC)+ FLOATCNANS) 

1@ CONTINUE 

66 CONTINUE 
C 
C ENSEMBLE AVERAGE AND STORE BACK 
C 

DO 70 I=NLO.NH1 
VALUEC I+1.NSCD+1)=SUMC1)/ENS 

76 CONTINUE 
IF €SCDONE.GE.SCREQ) GOTO 29 
ERROR=G- 
RETURN — 

C 
C HERE IF CHANNEL OUT OF RANGE OR NINT +VE C i 

19 ERROR=1.9 

@ CALL ENABC@) 
RETURN 
EN
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PROGRAM A3.19 (cont/..) 

SUBROUTINE PoXa Yo EPSs:S,K15 VARSMEAS) 
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PROGRAM A3.19 (coni/. .) 

SCLICIsJ))=& 
CONTIG 
SCLICISI))= 

JUS 

trrt> 
sis 

Spear 
Vast 

oo 
Co: 

C
2
)
 

©)
 

sy
 

Sp 
et 

a 
JIPEMCEICI, KK TCKS J) * 

oud) Mm 

    

DO, SQ 1fS'st 

ECL s PH G6G 

DO 59. J=l5NVAR 
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98° CONTINUE 

TEMP (300 8 

DO. 69 J=1lsNVAR 

BEM P= TEMP GUO SO amnGus 1) 
63 COJTINUE 

G 
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Lo] 

& SETS. *+1 
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PROGRAM A3.19-(cont/..) 
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TABLE A3. 1 

Mnemonic 

ADD 
ALR 
ALS 
ANA 
AOA 
ARR 
ARS 
CAS 
CRA 
ENB 
IAB 
IMA 

INA 
INH 
INK 
IRS 
JMP 
JST 
LDA 
LDX 
LLL 
LRL 
NOP 
ocp 
OTA 
OTK 
SKP 
SKS 

SMI 

DAP=16 OPERATION CODES 

Meaning 

Binary add to A-reg 

Logical left rotate A 

Arithmetic left shift A 

Logical AND to A 

Add one to A 

Logical right rotate A 

Arithmetic right shift 

Compare and skip 

Clear A 

Enable program interrupt 

Interchange A and B 

Interchange memory and A 

Input to A from peripheral 

Inhibit program interrupt 

Input keys 3 

Increment, replace and skip 

Unconditional jump 

Jump and store current location 

Load A 

Load index register 

Long left shift of A and B 

Long right shift of A aed B 

No operation 

Output peripheral control pulse 

Output from A to peripheral 

Output keys 

Unconditional skip 

Skip if peripheral ready line is set 

Skip if A negative 
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Table A3.1 (cont/..) 

SMK Set interrupt mask 

SNZ Skip if A not zero 

SPL Skip if A plus 

SSM Set sign minus 

-STA Store A 

STX Store index register 

SUB Subtract 

SZE Skip if A zero 

TCA Two's complement A 

“* Zero address code 

™ Indirect operation (when in op. code) 

: The address of this instruction (when in address code) 

'220 Octal constant 

= Literal string 
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TABLE A3.2 

Mnemonic 

BSS 

BSZ 

CALL 

COMN 

DAC 

DEC 

END 

FIN 

OCT 

oReL 

SETB 

SUBR 

XAC 

KKK 

DAP-16 PSEUDO-OPERATION CODES 

Meaning 

Defines storage area 

Storage for block of zeros 

Call subroutine 

Define common variables 

Define address constant 

Define decimal constant 

End of assembly pass 

Finish assembly and output literals 

Define octal constant 

Program felocolable 

Specify new base sector 

Define subroutine name 

External address constant 

Zero code for special use 
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A3.8 

A3. 1] 

A3.2 

A3.3 

A3.4 

A3.5 

A3.6 
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APPENDIX 4 

THE ASP COMPILER 

The development of the Aston Simulation Program, including listings 

has been published. A copy of the paper is to be found in the wallet inside the 

back cover of the thesis. 
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APPENDIX 5 

THE DY NAMIC MODEL OF THE DOUBLE EFFECT EVAPORATOR 
  

A5.1 General 

The objective of this modelling exercise is to produce a set of ordinary 

differential equations describing the thermal behaviour of the double effect 

evaporator and suitable for use in the real time implementation of the Kalman 

filter algorithm. Figure A5.1 shows the evaporator, sive numbers and 

mass flows. 

In deriving the model, the following assumptions are made 

1. The heat exchanger shells are well mixed regions so that the exit 

and shell temperatures are equal. Where vapour and liquid mixtures exist, 

the temperature is that of the saturated vapour at the operating pressure. 

2. In the majority of the heat exchanger tubes, liquid is in the plug 

flow regime. A lumped liquid temperature is approximated by the arithmetic 

mean of liquid inlet and outlet temperatures. 

3. In the tubes of the climbing film first effect, the liquid and vapour 

are assumed to be well mixed. | 

4. The exchanger tubes have zero thermal resistance. 

5. The temperature driving force is given by the arithmetic mean of 

the inlet and outlet temperature differences. 

6. There are no heat losses. 

The volume fraction of vapour (where vapour and condensate exist together) 

is denoted by Y, the shell and tube volume by A and We the overall heat 
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transfer coefficients by U, the heat transfer area by A, liquid density by 

ee , vapour density and latent heat by e N and A N where N refers to 

the stream number and hence temperature at which the vapour density or 

latent heat is calculated. The subscripts c, e, f and g refer to the condenser, 

first effect, second effect and preheater respectively. 

A5.2 Preheater 

Ao.2.) lubeside 

At the preheater tubes, there is no change of phase and under the above 

assumptions, the dynamic energy balance is given by, 

M,CpT,-M,CpT, + aa a (T, + we 

oe 

W: d(T 
igf. =] 2 A5i1 eet 

AdD.2.2 Shellside : ? 

At the preheater shell, the vapour from the cyclone separator is 

partially condensed. An unsteady state mass balance is given by, 

Na (ee ¥) * Yo Pa) A5.2 

and an unsteady state energy balance by, 

  

Vice +A.) = VG oe-FA,) Mee Mahala” nD 

2 

= ee (1 Ye CpT, + ¥ pylCeT, + dp) A5.3 
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Expanding the right hand side (RHS) of equation A5.3, 

RHS = W 1-Y C “Ty c LAs (CT, +r, dY etetuCiG a a 2h “Pie aag 
dt t 

We os dT, + (C1, ahh fe) AS.4 

dt dt 

' and rearranging A5.2° 

dy = Va-M,-V,-W_Y ud : 
9 ee | oa fA cee 

we Rk Pie 

  

Substituting equation A5.5 into A5.4 gives 

RHS = W Le tae oe (C1 Yd 
we 9) of 4p 4 et ee 

dt di 
A5.6 

ay am ) ( a oa 

(P 4-PL) a 

which when combined with LHS of A5.3 gives 

  

ap 3. a COS eae ai| (4 el cee a Pars VaM Vy) 

  

2 ee 
A5.7 

=W /C y - Mh tA Ya d 
so PL g\f4 Aes C4 a i: ea 

dt (4-PL) dt 

Equation A5S.7 is further simplified by assuming Be 4 << Pu hence 

YeaCg las ones aA a ath, ("4 ol ae ie) 
* A5.8 

=W /C(1-Y ot ae, Y: .d 
so p' pee g4 | 

dt dt 
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The thermodynamic relationship between vapour density and temperature is 

assumed to be known 

Paige K(T ,) A5.9 

and hence by the chain rule 

do, = dX (T)) . dT y 

dt dT, dt 
A5.10 

  

Equations A5.5, A5.8 and A5.10 represent 3 differential equations in 

five unknowns - Moe Ty dl M As discussed in section 5.3.7, the V's 
A A 

pressure dynamics are uncertain so that variations in vapour temperature must 

be considered. Consequently, the derivative of equations for M, and Var 

the exit mass flow rates, is based upon the approximate method of steady state 

perturbations. If the preheater is operating at steady state, the shellside 

energy balance is given by 

V3(CTg +X.) “ Val +A) - one - “ola( "4 - (T, = rai) 0 A5.11 

Mee 

and the mass balance by 

area A A5.12 

Differentiation of the steady state energy equation gives 

dV,(CT, +h.) + V3C13 - dv ACT, TA,) 2 ae at 

-M,C dT, - T,C dM, - ce : te 6x ASI 
2 

and the mass balance gives 

dV, = dV, + dM “25.14 
3 4 4 
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Substitution of A5.14 into A5.12 yields 

Bae, (4 - Ty) + V3 ,(4T 4 dT) - eM, - ally 

+ A =O A ° g/t! 3a 15 

2 

Since (T, - T,) is small, the resulting differential equations are 

  

dM, = AY, + V35 ; dT, - AY, ‘ dT. - V 3% ; dT, A5.16 

dt 4 a 2X4 dt v4 dt 

dV = dV. - dM, 

dt dt dt A5.17 

A5.3: First Effect 

A5.3.1 Tubeside 

In the tubes of the climbing film type first effect, the liquid is partially 

vaporised by the shellside steam. The resulting two-phase mixture is assumed 

to be well mixed. Zuber (A5.1) has developed the slitiibutedepecat ater dynamic 

a atiéns based upon two-phase flow theory. The unsteady state mass balance 

is given by 

Boy eee eh %e/7! A5.18 

where Ye refers to the vapour volume fraction in the evaporator tubes. 

The unsteady.state energy balance is 

MC1o,= MoGTS VC, HA.) +A UL, -T)) 

. Woes (1 - Ye OT, + YeP7 Coty +d.) A5.19 
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Rearranging equation A5.18 gives 

  

fs = M, ~ Ms - Vo ~ Woe dpa 

dt. A5.20 
  

WrelP7 . f? 

substitution of equation A5.20 into A5.19, rearrangement as shown in the 

  

  

  

preheater dynamic equations, and assuming D> < RP. , gives, 

M,Cp(T. - T,) - Va\z a AeVe(T, - TJ) 

= We Cp(1 - teal; +hoYe : dps A5.21 

dt dt 

dey = 8A at )7 A5.22 
dt dT, dt 

and the steady state operating equations are 

dV. = = (AeUe + M,Cp) i dT, + M,Cp dT, AS.23 

dt rz dt dz dt 

dM, = dM, - dV5 

dt dt dt A5.24 

A5.3.2 Shellside 

The operating pressure of the steam supply to the first effect is maintained 

Serctant by a pressure regulator. It is assumed that the steam loses heat by 

condensation only so that the shellside of the evaporator is isothermal. Thus, 

for the purpose of describing the evaporator dynamics the shellside is represented 

by stating that 1, is constant and that there is no accumulation of condensate. 

It should be noted, however, that the overall heat transfer coefficient, Ue, 

is a non-linear function of steam flow rate and temperature. - 
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A5.4 Cyclone Separator 
  

It is assumed that the liquid hold up in the cyclone separator is negligible 

(confirmed by observation) and that the unit operates isothermally. Thus, 

Vo peelg Td A5.25 

Cys ee . A5.26 
dt dt dt 

M, = Mg | A5.27 

dM, = dMg A5.28 

sgt dt 

Ve evs A5.29 

dv, = dV, A5.30 

dt dt 

A5.5 Second Effect 

A5.5.1 Tubeside 

At the forced circulation second effect tubes there is no change of phase 

so that in a similar manner to the preheater the dynamic energy balance is 

given by 

MisCPlig 2 MigcPlig* ee LI0. Tiget Le 
7 

nee. < digs A5.31 
2 
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A5.5.2 Shellside 

At the second effect shell, the vapour and liquid from the preheater 

shell is further condensed. An unsteady state mass balance is given by 

Te Yay 2 Mig ae, oie Ye. + Y Pro) A5.32 

and an unsteady state energy balance by 

YT ,Cp +A.) + MyCpl, = Vig (Ti 9Ce + Ayo) - Mig Cpl a9 - UAT CarThs 
| so 

2 Hee Sl (= Yeo Cel ig’ + Ye Oig (Cplig + Ajo) ) A5.33 

Rearranging equation A5.33 gives 

at M4 2 MG Mo 290. se’ SPi0 
dt A5.34 

  

Wee Yio> fr? 

substitution of equation A5.34 into A5.33, rearrangement as shown in the 

preheater dynamic equations and assuming Pio “a P. gives, 
é 

a Mop T= 75) tAyVa d0% 10 YET 7 ig his) | 
2 

  

    

; Ba = (ICP digs “eA 10. P09 A5.35 
dt dt 

dP 19 = do (Ts). dT 50 
i * A5.36 

10 

and the steady state operating equations are 

OM eet ees S10. | ae 15) 
dt 10 dt 2X19. dt dt 

Bok a4 a A5.37 
A dt . 
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dV = dV, * dM, - dMig 

dt dt dt A5.38 
  

A5.6 Second Effect Separator 
  

The second effect separator is assumed to be a well mixed tank at 

temperature T+ into which hot liquor is fed from the cyclone ee rend 

from the second effect tubes. Vapour flashes off instantaneously so that as 

boiling takes place, the liquid level in the separator changes. An unsteady 

state mass balance on the separator gives, 

M4 a Mg - M,« - Vo = mee os A5.39 

dt 

where A. and H. are the cross sectional area and liquid level in the separator. 

An unsteady state energy balance gives, 

M4CPl 14 - M1 5Cpl 1. + MgCpT ~ Vo(CpTo +p) 

= Ap, Cp dH.T)6 A5.40 

dt 

Substitution of equation A5.39 into A5.40 and utilising the constant pump 

circulation rate (Mi, =-M and isothermal boiling (To = 7 
15) 15) 

gives, 

Mi ide is eceolen 1s Vos o 
A5.41 | 

ree ol 15 
dt 

The rate of change of vapour rate V. is determined from the steady state 
9 

energy equation 
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cal - Rigs + Me 5 8 - nae + A 15) = 0 A5.42 

Differentiating and assuming constant circulation rate gives 

By : i mas T 19), Mg + MGC,cT 
dp at 

9 

dt Ai5 8 Bp. 9 

192 14-p 14 A5.43 (Mit Mg), aT + MC dT 

dt dt 

A5.7 Condenser 

A5.7.1 Tubeside 

At the condenser tubes there is no change of phase, so that in a similar 

manner to the preheater and second effect, the dynamic energy balance is 

given by, 

Mig 18 pa Ue (Tae 7 i ag 
ao 

= Mehta Ta) A544 
2 

AS.7:.2. Shellside 

At the condenser shell, the vapour from the second effect separator and 

vapour/liquid mixture from the second effect shell are condensed. The vapour 

pressure is maintained constant by the vacuum pump at temperature T : and the 
va 
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condensate pump does not permit any accumulation of condensate in the 

condenser shell. Thus, the steady state mass balance is 

Pye eo | Min t Yaa 

and steady state energy balance is 

Bee Vogt Ais) * Masog v0! 16 to? 

A5.45 

a va (‘veel ] 21113) ) 

  

  

  

9 1 Pp I % 

M,C 
‘ A5.46 

AS.8 Summary of Dynamic Equations 

_AS.8.1 Preheater 

Dich pla oe oe 6 5 ( Ve A5.47 
ere aaa 

Cl dl hd 
sa ai Poa wand P4 

dt dt A5.48 

Wee aks une Yo 4 att 12) 

  

  

a = Viggen da cad 

dt dt 

es “A 

dp, = dx (T 4) dT, 

dt aT) dt 

A5-11 
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Meee A Ute GS dT AN GedT. VLC edt 
    

  

4 gg 3p 4 gg 2 Sy ow 
dt 4 dt 2A, dt Ng dt 

dV 4 = dV. - dM, 

dt at dt 

A5.8.2 First Effect 

el aos Pehl y z AW. ee) 

dt dt 

= MC, -T7) - VyAz + AUT; -T) 

  

  

  

a = M, ~ Mo -V_- Wits de7 

dt dt 

WP7" Put 

= 60-8 
dt Ys dt 

BY. = - (AUS M,C.) . dig oe MOC, dT, 

dt 7 dt Nz dt 

dM = dM, - dVo 

dt dt dt 

T. = constant 

A5-12 
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A5.52 

A5.53 

A5.54 

A5.55 

A5.56 

A5.57 

A5.58



AS.8. Cyclone Separator 
  

  

0) ee 

dT, dT, = dT, 

dt dt dt 

M., oe 

M dM d 

dt dt 

V7 V3 

dV aN 

dt dt 

A5.8.4 Second Effect 
  

AS.59 

A5.60 

A5.61 

A5.62 

A5.63 

AS. 64 

MPs ia" is! ese elas nb Morea” lis } 
oa ay 

A5-13 

A5.65



Df (< “YIP LT + Yedi9 $A ) 
dt dt 

ea MGC geal Mio 107 tf Uo “14 

Be Va MY = Mgt te oP 10 
dt dt 

Wer'Pios Pv 

  

  

    

  

  

dt 

A5-14 

dt aT dt 

ag AU. + (M,+V)) Pelle - AW, ( dT + 15) 

dt a tie ek dee 

- M4 + NG ; oa 

je. at 

dVio= ov, + dM, - dM, 
dt dt dt dt 

A5.8.5 Second Effect ~ 

eck Miaep tga! eMC gly glevs N15 

A5.66 

Ti 
2 

A5.67 

A5.68 

A5.69 

A5.70 

A5.71



Bee M4 Moraes Vo 

8p 

dV eet oe (5 -T1s1 dM cg 

dt 

pe 

dt 

4°91 
+ MC dT 

dt 

A5.8.6 Condenser 

tC 

2 Gas UF 

+ MC dT, = (M+M )C at 

A5.72 

A5.73 

= ~ A at 
: (oa MD oe Pia 5 1 : Me e( Fe oz) 

2 

A5.74 

TH = Vo ist Ars)* Moot 10 * Yao" 10 t Ato) ~ NoMa Tac” Ci2"Tia! 
soe 

  

Mi4C, 

A5.8.7 Notation 

A5.75 

A5.76 

Equation A5.47 to A5.76 represent the mathematical model of the double 

effect evaporator and are referred to in Section 5.3 as equations 5.3.1 to 

5.3.30. 
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APPENDIX 6 - COMPUTER PROGRAMS 
 



ww
. wv 

\ OGRAM 1° 

1d. REM 

Oe REM 

26. REM PROGRAM 1 

208 REM 

36 REM EVALUATION OF STEAM TEMPERATURE FROM PRESSURE 

35 REM : 
49 E=.1E=@63 

42 PRINT oS SPRESSURE'S TEMPERATURE t'CALCULATED 

Mor PRING {oso STABL BS sv TEMP!" 

ee P RIN Tse KN/M Os *! Cars tf Sts: PRENT 

wS5:- FOR T=13 12 

53 READ TsP 

BS 1 GOSUB 146 

6% PRINT P»T. TS 

So NEXT. I 

73 STOP. 

95. REM i 
169°. REM BASIC SUBROUTINE TO DETERMINE 

125° REM T -FROM P ITERATIVELY. 

Peto REM 

LS... 41=LOGCP/IG1 6 325) 7136 3155 

$eG S8=Z) 

125 Z22=Z14€Co1299%Z 346 64A5) *Z 341097 6) *Z 372/130-3195 

feO TF ABSCA3-2 2)>E-THEN 4Gsfa: COTO S125 

P30. POS 3730 L5/7C1HZ2 22273015 

140° RETURN 

143 REM 

145.0: ch eM DATA FOR TEST RUN 

-156 REM 

166 DATA 19351-2273 1551+47G4s 205 2e 3375 255 Se 166s 305 4e BAD 

170 DATA 365 5+94s 425321985 552126 335655196925 7Gs 31-16 

184 DATA 885 474365995 7G-1151995181-325 : 

199 END : 

? RUN 

PRESSURE TEMPERATURE CALCULATED 

: TABLES TEMP 

KN /M2 C C 

tenets 1G 9.99396 

16734 5 ee LP ahe SOLO Yes 

Se Sot PA 19.9993 ey 

Se 166 25 : 2469959 : 

46242 g 2929979 

32198 442 4129953 

12.09% 59 / 4929335 
19.92 69 * 59.99 63 

Sie) 69 713 69-9964 

47-36 33 79 9934 

73011 98 . 39.9991 

PO EX LT 

? 
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PROGRAM 2 
I
O
 

Q
a
 

39 
AZ 

56 
65 
65 
73 
tA 
5 
86 
9G 
95 
102 
112 
129 
13¢ 
1423 
15¢ 
163 
172 
133 

REM PROGRAM 2 
REM 
REM ON-LINE INSTRUMENT CALIBRATION 
REM : 
INPUT N: REM CHANNEL NUMBER 
CALL (¢ 63 25 F1) 
REMPCH ERE STO WALT TOOCSTART 
PPP) THEN 66 
K=9 
S= : 
CALL C1sN5 Vs F) 
If Beas IHN... STOP 
S=S+V 
KekK+1 
CALL ¢€ 65 2,5F1) 
lho Rl=1. THEN © G0 T0268 G 
PRINT. Ns SZKsK 
REM CHANGE OF CHANNEL? 
CALL ¢ 6s 35 F2) 
If Bh2=1) THEN. 2GOTO.. 69 
GOTO 532 
EN D 

12 1234.21 nh 
12 1227.72 1g 
io T 1243.81 321 

iS 1763-41 30 
15 1892.59 231 
Le 1799224 92 
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PROGRAM 3 

19 REM 
12 REM 

14° REM 
15 REM 
16 REM 
17 REM 
2 PRINT 
30 CALL 
46 PRINT 
45 PRINT 
SO PRINT 
68 PRINT 
76 PRINT 
Bo. CALL 
194 S9=6 
195} D3=6 
196 REM 
128 DIM 
125 REM 
126 REM 
127. REM 
130... CALL 
131 GOSU 
ise. T9=F 
133 P3=0 
aa NEXT 
135 REM 
136 REM 
137 REM 
140 CALL 
150 IF 
169 FOR 
174 FOR 
i>: D3eD 
793 - Ik Ss 
186 IF § 
ii 2 S921 
185 REM 
136 REM 
187 REM 
190 IF D 
195 CALL 
298 REM 
231 REM 
232 REM 
220 ~=6 FOR 
230 DATA 
232 DATA 
234 DATA 
236 DATA 
238 DATA 
249 DATA 
242 DATA 
244 DATA 

PROGRAM 3 

ON-LINE STEADY STATE PROGRAM 

INITIALISATION 

PS LBADY STATE LOGGING: PROGRAM '' 
Ces lO se RIN Tt LAR. Pim by 's!1 93'!'H RSW RINT: 
POAMPLING INTERVAL 3): INPUT T8* PRINT 
POOMPEES -REQUIREDE 3:2 INPUT: S83" PRING 
SEN SEM BLE t2.2 ANPUTO ES: ~PRING 
a1 BAM.VAL VE POSILON 2h'3 2 “INPUT: VE.ce BRIN T 
PWATER: FLOW RATE 23 $. INPUT WS: PRINT 

€4,01):01=01/18 

sNi=123:N 2=29 

AC39s 2)s S039 )5 DO39I5MC 39)5 C639) 

WAIT TO START 

€ 63 25L9)3 

B 3006 

2 

Lh Legs! THEN 130 

FOR I=1 5 206: 
I: P3=P3/ 206 

CALL €1s 185 Vs F)3P3=P3+V 

FIRST EXPLICIT CALL TO SERV 

C75 TBsN 15N 25 E8s ACs 0) 5 S&Ss S9s ED) 
9=2 THEN PRINT "SCAN ERROR: STOP 
I=N lyN2: SCIV@SCL)4ACIs 1): NEXT I 
I=N15N2: DCID=DCIX+ACIS 1972: NEXT 
3+1 
9=2 THEN 
9=2 THEN 

GOTO 158 

I 

CALL C€1s 12s Vs F) 

FOR IT=N1sN2@sACIs 12=ACI, 2): NEXT I 

WAIT FOR INTERRUPT 

3<58 THEN 180 
(5,4): GOTO 2696 

SCAN COMPLETE START CONVERSION AND OUTPUT 

T=12, 193° READ MGI)» CCI): 

© 26368E-G15 193.993 

© SISSIIE-G1, 196. 221 

© C4498 E-01597- 6864 

© SE22L646E-915992.99T77 

28358 52E~02s ~ 26+ 4328 

Se O20 LOlK Oost se 642 
=- 475E-635 - 30933 

15@ 

NEAT I 
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PROGRAM 3 (Cont. ) 

250 
268 
276 
825 
330 
349 
345 

a Olu 

- 378 
230 
398 
0 
412 
428 
430 
440 
453 
469 
480 
499 
3B 
510 
520 
539 
540 
558 
566 
561 
562 
564 
S66 
568 
570 
57 1 
572 
Dh 
574 
576 
Sif 
578 
630 
E46 
E49 
ESB 
660 
E78 
639 
685 
696 

695 

780 

FOR IT=N1sN2:SCI)=S¢1)/S8: NEXT I 

FOR T= 26s 29: SCID=SC1)*(~. 25E-G1): NEXT I 
PO Re P= 1257192 SCLI= SCL) £M G1) +061) SU NEXT 1 
DIM HC€2@) 

P3=CCPE-P3)*MC18)* 3. 147%. 4OB%. 4G8*. 1EDT)/C 4* CT2-T9)* 6B) 
HC1)=S€16)* 4. 18 68*S¢ 22) 

HC 2)=S¢€16)* 4. 18 68* S¢ 23) 

TO=SC€29) 

H€4)=€5€16)-SC17))*C1. 6747 2% TO+ 2500. 8) 
H(€5)=S(17)* 4. 18 68*S¢ 26) 

T6=S¢€15) 

GOSUB 1680 

Z9=TO 

T@=S¢C14) 

GOSUB 1889 

H€8)=€SC€17)-P3)*€1- 67472 TO+ 2500.8) 

H€9)=(€SC€16)-P3)* 4. 18 68*SC¢ 27) 

TO=106 

HC 12)=W8* SC 20)* 4.18 68 

HC1L3.=WE*SC21)* 4. 1868 

H(€16)=P3%* 4- 18 68*S(€24) 

H€3)=H(€4)+HC5) 

HC€6)=0€5€16)9-SC17))*C le 67472* SC 28)+2500.8) 
S5=¢€HC€3)-HC2))/C€ 16 674720 14+ 2580. S~ 4e 18 65* TG) 
H€10)=S5*C 1. 6747 2x0 1+2508. 8) 

H€O11)=S5* 4. 1868* TO 

WCLI=SCHC2Q)-HC1)+HC 4-H 60/0 25016 63-2. 4069%*S(28)) 
HO7)=€S5016)-SC17)-WO1)9* 61. 67472*Z94+ 2500.6 
H€6)=€S€16)-SC17)-WO1))*C1¢ 67472%S( 28942500. 8) 
WC 3I=WC1)* 4. 18 68*SC 28) 

HC17)=CHC5S)-HO8)- sHe16)5 7% 4b 1B ee SChay=5¢25935 
HO14)=HCO17)* 4. 18 68*SC€24)2HC15)=HCO17)* 4. 18 68% SC 25) 
WC4)=CHC15)-HCO14)-HC 6)4+HO7)-W8E1)* 4. Ok S06 289-79) 
WC 4=WC4)/ 02501. 6- Be 41*Z9) 

HOTI=CSC16)-SCIT7I-AWCE1LI- WO 4d C1. 67 472%2Z94 2508. 8) 

WCSI=CWCO1I4W04))* 4. 18 68*Z9 

W9=CHC9I-HC8I-HO7)-WO5))70 4. 18 68* (SC 20)-S621))) 
HC 19)=S$¢ 28) 

Q=¢€S¢€16)-SC17)*C1- 67472)+SC17)* 4. 18 68 
H¢€20)=€HC3)=€8616)-SC17))* 2500. 8)70 

PRIN Fs PRING. “PRINT 2 PRINT.’ CON VERTED OUTPUT" 
PRINT 2. TEMP C's FLOW. G/S"'s°"EN THALPY JZ S* 
PRINT 

PRIN ToTABCOD sx *t 

PRINT 2UPREHEALER. 

BRIN Tea TUBESIDE L IN"'s TABC28)s S€(22)550616)5HO1) 
PRIN Toa L OUT"s TABC 2895 SC 23)5 S¢16)5HC 2) 
TO=SC€29) 
PRINT? SHELLSIDE V_ IN"s TABC28)» TOs S$€16)-SC17)5HC 4) 
T7=T@ 

RISEN dee V OUT's TABC 28)5HC 19) 

Ae=4



PROGRAM” 
191 

705 

116 

726 

73G 

T40 

745 

158 

T69 

T1716 

780 

7196 

808 

816 

826 

838 

849 

852 

868 

861 

862 

&65 

878 

Sil 

872 

875 

880 

890 

906 

919 

920 

325. 

930 

935 

94GB 

945 

956 

955 

960 

965 

966 

967 

979 

OTS 

986 

982 

984 

986 

996 

992 

99.3 

Oo 

996 

997 

998 

1646 

1n05 

1416 

1920 

1932 

1948 

3° (Cont, ) 

PRINT SC€16-SC€17¢C-WC1)sHO6) 
PRINT " 3 OUT", TABC 28)» SC28)s WC1). W 3) 
PRINT TABCO)s"*"™ 
PRINT “1ST EFFECT" 
PRINT. * eee ie IN, TABC 28)» SC23)» SC 16)eHC2) 
POINT So L/V OUT"'s TABC 28)5HC 20)5 S€C16)5HC3) 
TO= 106 

PRIN ofl SHELLSIDE S§ IN", TABC28)s012S5,HC10) 
PRINGT* _SC OUT''s TABC 28)5 TOs S55HC11)9 
PRINT TABCO)s ''%" 

PRINT "CYCLONE SEPARATOR" 
PRINT. 2 LZV IN"s TABC28)5HC 20)5 S€16)5HC3) 
PRINTS L OUT''s TABC28)s SC 26)5S€17),HC5) 
PRIN Tass? iy V OUT''s TABC28)5 T7s SC169-S617)5HC 4) 
PRINT TABCO)>s 'tx*"' 
PRINT “Ven De EF FECT’ 
Ee UN eis TUBESIDE L IN" TABC28)5 S5€24)5HC17)5HC14) 
Bi IN Te L; OUT", TABC 28) S€25)5HC17)5HC15) 
PRIN Tag SH ELE SIDE. V IN''s TABC28)5HC19)5 
PRINT. S€16)-SC17)-WC1)5HC 6) 
BRIN Te L IN's TABC28)s SC 28)5WO195 WC3) 
T@=SC€15): GOSUB 1660 
PN LNG lee B V OUT"''s TABC 28)» TGs 
PRINT S€16)-SC17)-We 1)-WC4)5HCO7) 
PRINT L OUT"s TABC 2895295 WO1d+W04)5 WOES) 
T7=TOA 

PRINT TABCQ)s "x". 
PRINT "2ND EFFECT SEPARATOR" 
PRIN To LosIN” FROM. CS*'s TARC28)> $€26)5 S€17)5HC5) 
PRIN Te! L IN FROM E's TABC28)s5 SC 25)5HCO17)2HC1S) 
PRIN TO L OUT", TABC28)s SC 24)5HO17)5HO14) 
TO=SC14): GOSUB 1989 
PRINT ou ‘V OUT", TABC 28)5 TOs SC17)-P3,HC8) 
BRIN Tos ACCUMULATION" TABC 28)5"" "s P3sHC16) 
PRINT TABC@Q)>5 "x" 
PRINT "CONDENSER" 
PRINTS TUBESIDE L IN''s TABC 28). SC 20)5WS2HC12) 
PRINT L, OUT*'s TABC 28)5 SC 21)5 W8HCO13) 
PRIN es SHELLSIDE V IN ¢E2S)"5 TABC 28). TGs S€17)-P3,HC8) 
PRIN Ta! VIN] CE2)"'s TABC28)s TT, 
PRINT S€16)-SC17)-WC1)-WC4)5HO7) 
BRIN Tees L IN's TABC28)5Z95 WO 1)4#W04)5 WO 5D 
CRIN Pee L OUT"'s TABC28)5S€27)5 SC16)-P3,HCO9) 
PRIN Te? SR REND 2 si PRENGE 
PRINT "PUMP CIRCULATION RATE IN ‘E22 "'3HC€17)93"G/S" 
PRINT “CONDENSER LIQUID RATE (DATA) "3 WSs "'G7S" 
BRIN Tae eS Noe + ek COMPUTED). 3 WOs GZS” 
PRINT "ACCUMULATION IN E@S(MEASURED) "3 P33 "G/5" 
PRINT USTRAM “RATE STO 21 Sie EE RECT Sd Os aaa 
PRINT "'VALVE STEM POSITION - "3 V8s "TURN OPEN" 
GOTO 46686 
“REM 

PRESSURE- TEMPERATUREC ON VERSI ON ROUTINE 
REM 
GOTO 4900 

Z1=LOG(TG/1G01-325)/13- 3185 

Z3=Z1 
Z2=Z14 0 Coe 1299%KZ B+ 0 6445) *Z 34+ 12976)*Z2Z31 2/136 3185 
IF ABS(€Z3-Z2)>.1E-83 THEN Z3=Z2: GOTO 1910 
T@=373- 15/€1-Z2)-273.15 
RETURN : 
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PROGRAM 3 (Cont. ) 

1958 

19:55 
19 60 

COBH 

2301 
eAne 

LAB 4 

2010 
2 eobe 

ee oe 
23 20 
2436 

2635 

20 49 
2056 

24 6B 

2476 

258 8 

2396 

3380 

3925 

30128 

30 24 

29 58 

39 69 

3972 

£000 

4985 

4919 

L420 

4636 . 
43 40 

4950 

45 69 

4G 7G 

4875 

408 B 

4085 

459 8 

4995 

41 0G 

41164 

41 20 

4130 . 

41 4G 

4156 

41 6 

4178 

4188 

4190 

4195 

4260 

4218 

4220 

4236 

4235 

REM 

REM ANALOGUE OUTPUT SECTION 

REM 

PRINT : GOSUB 3080 

CALL Clo 165 Vets CALA C15:185 Ve i 

P8=6 

FOR I=1ls, 200: CALL (15185 Vs F):P8=P8+V: NEXT I: P8=P8/ 200 

PRINT 22> CALL. (2s TODS PRIN TAURINI SH =TIMENS Tesedks:' 

TesFe2 ‘ 

PRINT ¢ PRINT : PRINT S83"'SCANS DONE" 

PRINT : PRINT “ANALOGUE OUTPUT": PRINT 

PRINT “CHANNEL NO" * MEE AND 's Oo God. DEV 

PRINT 

FOR I=N1sN2 

PRN T I» SCI)/S8s SQRCABSC DC 1I)/7S8-CSC19758)1 2)) 

NEXT I 
PRINT. 3. PRINT 

GOTO 200 

EN D 

CALLA 6250593" GALL .6Gs. 0432 FI=INTCO9/:100) 

F2=03-F1*1008: IF Fe<@ THEN GOTO 3060 

Fe= F 2+ 60% F123 Fe=Fe+Q4/ 6908 

RETURN 
REM 
REM DYNAMIC LOGGING PROGRAM 

REM 
DIM BC39s 30) 

S9=9 
PRINT 2 PREM Is:. PRIN 3 PRINT 
PRINT “!DYNAMIG STATE, LOG! 
ES= 26: T8= 60:N 151 2:N 2= 293 S8= 3G 
PRINT : PRINT : PRINT “VARIABLE CODE , "3: INPUT V 
CALL ¢€65 4, V4): IF V4=1 THEN GOTO. 4058 
CALL €2,03): CALL (3,904): FI=INTCO3/100) 
F2=Q03-F1*100: IF Fe<@ THEN GOTO 4060 
Fe=F 2+ 60*F1: Fe=F2+Q4/ 6000 
CALL (7s T8sN 1sN 2s ESs BCOs O)s S83 SIs ED) 

S7=S9 i 
IF £922 THEN PRINT “SCAN ERROR": STOP 
CALL Gls:les5,G> ys. -CALL Cle 125.Gs FD 
CALL €633,V4): IF V4=2@ THEN CALL (€5,0): GOTO 4146 
IF S9>=S8 THEN GOTO 4146 
IF. S9>S7. THEN. GOTO 4085 

GOTO 4160 
PRINT, PRINT “START TIMEVS Fes "MINS?" 
PRINT PRINT S93s""SCANS DONE" 
PRINT PRINT "'CHANGE IN °'3 
Lh. Ve THEN? SUR Wes THEN© PRINT “PEED RATES: .GO.10 *4200 
IF V=1 THEN PRINT "STEAM FLOW"? GOTO 4200 
PRINT "OPERATING VACUUM" 
RESTORE 
ROR1= 12s 29:3. READSM Cl) s CCID: NEXT I 
FOR J=12s 29: PRINT Js FOR [=1,559 

BCJs1)=BC Jo 1)*MCJ)+CC6J): PRINT BCJs1)s5 

NEXT Is. NEAT. J 
END 
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PROGRAM 4 

16 
11 
ba 
20 

36 

45 
4) 
€9 
710 
80 
Sis: 
86 
2) 
190 
110 
120 
130 
149 
156 
166 
162 
165 
178 
1a 
BET. 
180 
185 
190 

216 
220 
222 
e383 
£24 
Gao 
226 
Bet 
228 
aco 
230 
246 
250 
e222 
260 
261 
262 
263 
EoD 
266 
267 
268 
269 
e719 
730) 
20 
BAe 
310 
315 

REM PROGRAM 4 

REM 

REM SIMULATION OF. COMPREHENSIVE MODEL 
REM 
REM ’ INITIALISATION 
REM 
Die EG 1V6)5MC16)5 VC16)sDe18) 

Kl=- 72: K0=6 1SQE-422K 3=6 VE- Gz K 4=- OB TSE-Ge 

Ci=4. 1868: C2=. 1EG7: C3=.13 

K5=- 376E-62:K 6=. 145E-O1:K7=. 645E-O2:K6=- 672 

K9=1-15:KG=- 3E 

F9=] 

$2=15-4 : Seca 

DEF FNDCT)I=EXPC1-¢93059*LO GC T)-3- 1487) 

DEF FNECT)=1-.93059*FNDC T/T: 

DEF FNFC.1T)=2501+6 6— 2e 4068*T 

CALL (€15Z) 
REM 
REM INITIAL CONDITIONS INPUT 
REM 

INPUT S9sd9s P95 EO 
REM . EN PUT SYSTEM sINPUTS 
INPUT TC1)05MC105MC614)5MC12)5 TC 12)5 TC 16) 
REM INPUT INITIAL CONDITIONS 
INPUT TC2)5 TC 4)59MC 495:V04)5 TO7)5 VOTIS MCT) 

INPUT TC14)5TC10)5MC10)5 VO10)5 TO15)5Hs VO9)D, TO13) 

YCBI=ECVCAISFNDOTC4) IS CVC 4S FNDO TC 4) 904M04)7 C2) 

LOLI SCV GeO /SPNDCT CFI II7 CV CID ZEN DCTOT 2 +M6 77 Cad 

YC2)=CVC1G)IZFNDCTC18)))7€VC1G)/ FNDCTC 10) 24MC10)9/C2) 

REM 

REM DERIVATIVE SECTION 
REM 
REM TOM eINE ED: LEMP 
REM MiG1) SINE ET RATE 
REM MC14) CIRC RATE 
REM MC€12) COOLANT RATE 
REM T€12).COOL ANT TEMP IN 
REM ; TC16) T VACUUM 
REM 

REM HEAT TRANSFER COEFFICIENT CORRELATIONS 
U1=68 2- 272 S5* CTC 4)-CTC194+TO2) 97204136 444M 619450 27* VC 4) 

U@= 623+ 66-116 3465* €100-TC7))-1-G39%*MC1)4+58-026*S2 

U3=3900- 161+ 6*(TC10)-CTC149+TC15))/204+85-8* V6 1G) 

U4=- 1151-92-63. G91*€TO16)-CTC12)947T013)9/2) +6 66344M( 12) 

U4=U4+ 61*€V0994+V010)) : 

Pha bhO= 2TH ENG . GOSUB 2060 

TO5)=106 

MC2.=MC1) 

TC3)=TC7) 2 Vi 3)=VC7) 

TO8d=TO3)3MC89=MC7) 

REM 

REM : EVALUATE DERIVATIVES 

REM 

T= UTHKO*XCPC4) = C1 CAO 2)) 7:2) 

DC1LI= CMC 1D ¥CI*¥ CT C1) = FCG) )+T+L 17 Ce SEK 2k CE*¥ C1) 

TL=K3* CC1*C1-Y CG) )* C24 FNEC TC 4) *Y CQ) * FNFOCTC 4))) 

DCQI=CVCBI#FCI* CTC 30 -TC4) + FN EC TC 499% 6V06 39" V0 4) = THLO)/ TI 

DCO 3BI=CVEBI-“M 6 4)- VO 40-K3*¥Y CO) * FNEC TC 4))2*DC2)) 

DC3=DC3)/CK 3% CFNDC TC 4) 9-02)



PROGRAM 4 (Cont. ) 

Pep eeae kK DkUee CT C7 )=- 12) 07 CLO GCCTC5S)<102))0/. CEC S)21G7)).)) 

330 TI=K4*CC1*C1-YC1)I*CO+FNECTC 7) *¥YC1I*® FPNFOTC7))) 

Bae DC 6I=(MC1)¥*¥C1¥CTCO)=TC1) I= INF CTC7)9* VC TI +T+L 90/141 

Boe, YC (I= CMC 2) -MCT)= VOT) =K GkY C 1X FNECT C72) D¢C 6) D 

Boo) DC TI=DCII/ CK SEC PNDCTC7990=Ce) D 

360 DEBI=CMCLd*¥CI*DC19=CC1 CMC 2) +K 1*U2)* DC 6) IS FNFC TC 7)? 

pre. 0UC9)=-DC8) 

pogo DC 5)=-DC 2)*C1l*(VC3))- “KOU LC DC 2)=DE1D/294VCTI#C1* DC 6) 

381 DC€5)=-DCS)/FNFCTC4)) 
382 DC4)=D¢9)-DC5) 
4) T=U3*K8*(TCO16)-¢€TC14)94+TO159972) 
410 T1l=K6*CC1-YC2))*C1*C2+ FNFCTC10))*YC2)* FNECTC18))) 
Zen? D061) = CCVC 404M C4). * (TCA) -TO10))*C1 
422 DC112=DC119+#FNFCTC18)9* CVC 4)9-VCO19))-T 
425 D¢€11)=(DC11)4+L5)/Ti1 
230 DC129=C€VC4)4M04)-CVC1B)4MC10)-K 6EYC2)* FNECTC109)*DC11) 
435 DC12.=DC12)/ CC FNDCTC10)9-C2)*K 6) - 
440A DC159=MC14)*C1*CTO14)-TCO15)2#MC89*CI*¥CTC89-TCO15)) 
445  DC15)=D615)-VC9) * FNFCTC15)) 
450 DC15)=¢€DC15)4+L 69/€C3* C2*C1*H) 
460 DC169=(MC8)-V69)I/SCC3*CO*. 5) 
478, DC1BI=CMC14)*C1RCTC159-TC14) + T-K Sk¥C1* C2xDC15)972 
475 DC19)=(€DC19)4+L4)7CK S*C1*C2*. 5) 
486 DC€14)=U3*K8*(DC11)-¢€DC18)+DC15))72) 
42 DC14)=(€DC14)+(MC4)4+VC 4) * C1 CDO119-DC2)9/ FN FCTC198)) 
484 DC139=D¢C4)+D¢5)-DC14) 
SG DC17)=C€CTC8)-TC15)9*C1*¥DCSI+MCO8)*C1* DC 6) 
S65 DC179=DC17)-(€MC14)94MC8)*C1*DC15) 
S18 DC172=(€DO17)+MC14)*C1*¥DC10))/FNFCTC15)) 
520 =T=K9*U4*(€TC169-€T01204TC13)0972) 
53H DC1S6)=(MC12)*C1*OTO129-TO13)04+THL 79/7 Ce SKK 7% C2K C1) 
550 CALL (25P95E9s Fl» Fe) 
560 IF Fl=2 THEN STOP 
576 IF F2=2 THEN PRINT : PRINT : GOTO 1000 
bio. REM 
576. REM INTEGRATION SECTION 
aii REM 
e606. CALLE. C3s 2s595 19) 

Boge CALL C4511 C2)5DG1)> 

616 CALL (43 T€4)5DC€2)) 

620, CALL ©4357 C0) 5 DC3)) ey 

625 CALL ¢€4, VC 4)5sDC4)) : 

630 CALL :-€4sMC4)5DC5)) : 

Boe CALL: «Gas Tl 7) »DC6)2 

boO- CALL) C457 C1), DC7)) 

610. CALL (€45M(7)5DC8)) 

615. CALL. © 4s VC 795 DCO) 

690 CALL (¢4,7(¢14)5DC1@)) 

106 ~ CALL €45 TC10)5DC11)) 

110 CALL: €4, YC 2)5DC12)) 

is CALL. C45 VC10)s DOT30) 

726 «CALL ¢€43M¢€10)5sDC14)) 

moo. CALL: G45 1C15)5 DET) 

746 CALL (45HsDC16)) 

feo CALL Cas VC9) Ss DC 1).) 

760 CALL C42 TC13)2DC18)) 

770 GOTO 230 
995 REM 
996 REM OUTPUT SECTION 
997 REM 
1090 PRINT : PRINT : PRINT : PRINT 
Pees. PRINT sto 's 8 SIME: ees SECS ih 8
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1008 
1610 
1612 
1915 
1618 
1826 
1@25 
1632 
1035 
1846 
1945 
1047 
165@ 
1253 
10 60 
1978 
1975 
1080 
i985 
1998 
1092 
1695 
1140 
1165 
1119 
PLS 
1126 
1125 
1136 
1135 
Tiad 
114 
1150 
LES5 
11 68 
1165 
1176 
1275 
1186 
1182 
11:8 :5 
1190 
1195 
1262 
1205 
2800 
eaae 
2005 
£019 
26 26 
enes 
2930 
24 46 
2045 
20564 
20) 69 

M65 
LATA 
2975 
2460 

2485 

COI 

209 1 

PRINT 
PRINT ae 3X0 
PRINT 
PRINT US UPREREA TERY 
PRING oar LEM RSS. 
PRIN Teale 2 i TUBES Ys) C235 DC1) 
PRIN Fo. [S55 LV SHEL Si C-4)» DC 2) 
PRINT coe se Yer COWS 
PREN Tiers Ll SHER Ss MC 4) 5 DCS) 
PRIN Te ttt“ V SHELL'S VC 4)5DC 4) 
BRUNT 9): Vs FRAC ('S:¥:C@) 5:DC3) 
PRIN Tate's 8 HTC vas A 
PRINT 
BRIN Tees hURST ER REO TA 
PRINT os TEMPOS 
PRIN oo cL Vi RU BRS 3a¢.7) > DC:6) 
PRINT FLOWS 
PRINTS oo Le TUBES. SMC 7) 5 DCB) 
PRINGes” ou, V. TUBES" VC7)s DC9) 
PRIN treet V FRAC 3s YC 1)s DCT) 
PRIN Fe ot LG mctic 
PRINT oe. 
PRINT tees Gen Der EPEC DE. 
PRIN Pee eee RM 
PREN TS cao ie aU Bois 1.6 P45 D010) 
PRINT Ge ob V SHE 3 1.C1005:DC11) 
PRIN Yes aor LO Wee: 
PRT Nee te ae L SHELL "SMC 19)5DC14) 
PRIN 2% ‘V SHELL *'s VC 10)sDC13) 
PaSl Neda Vi FRAG SY Co) DCC) s 
PREN oe Hee a US 
PRINT 
PRIN Ti o's TUON DE SEPARATO Ri’ 
PRING SG oan HEAD "'sH» DC 16) 
FOREN ee lake eM. 3 1615) 5-DC15) 
RINE Ne ree VieRAd bs VC9)s DCL7) 

PRINT 
PRINT " "ys "CONDENSER" 
PRIN oe o> LenteM rR sa CPS) s DC 159 
PRIN o's) ata "3 U4 

MC1IEMC1) +61 

GOTO 58@ 

REM 

REM LOSS: TERMS 

REM 

TC50=1062:MC2)=MC1)2 TCO3d=TC792 VO BIEVET) 

T¢8)=TC3)sMCBI=MC7) 

T=U1*¥KO* CDC 4)=CTGIo+ 1 297-2) 

i P=MiGa) eC" CT CE) = TG) aes1 

DERI VATIVE" 

L2=€VC3)*C1* CTC 4)-TO3) = FNFC TO 4) #6 V039-U04)9+T) 

T=KiSUCE CT CW) Ss Tec ere GCOCTCS)=1C2)0 701 Cale 167) 9) 

L3=MC1)*¥C1* C1 C7) = 162) FINE CT GIDE VC T)0-T 

Le4=MO1 40% C1*CTGl4I= 2 C15) ) 

L 4=E 4-US*K8* 6 TC180=07.014)4+7015))7 2) 

TSUGKKS* CTC 1O)=CT Clee T C1527 2d 

LS5=€VC4)4M04))*0TC10)-TC4))*C1 

LS=LS=-FNFCTC1G))* CVC 4)-VC10))+T 

L6=MC14)*C1*CTCO15)-T014))4+MC8)*C1¥*CTCO15)-TC8)) 
L6=L6+VC9I*XFNEFCTC15) 

LeJ=MC he KC CEC PS0eeE Ce) 
LdI=Li-KO*F U4 CTCleve 1 Creo C13)9 7.2) 

F9=2: RETURN 

END A6-9
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10 
14 
1> 
& 
29 
“g 
42 
45 

35 

62 

63 

64 

65 

76 

8 

96 

99 

196 

192 

183 

104 

165 

146 

197 

168 

149 

119 

EOD 

aS 

180 

185 

186 

187 

196 

206 

216 

Zt 

218 

219 

220 

Pen 

22 4 

ee5 

236 

240 

245 

246 

256 

255 

Bo 

REM PROGRAM 5 

REM 
REM SIMULATION OF REDUCED MODEL 
REM 
REM INI TIALISATION 
REM 
DIM AC3Q)sBC30)sCC30)s EC30)s FC30)sG(30),HC 38) 
DIM T(16)5MC€16)5VC16)sDC19) 
K1=.72:K 2=6 15S2E-G2:K 3=- 9E-O2:K S=- 37 6E- 2 
K7=+ 645E-02:K8=~- 672 
R92). 1526124016 68: C2s.46072 C3=<:43 
KO=. 3S 

TCS)=18G6 
Mem 1 Se 4 

DEF FNFCQ)=25016 6-2. 4068*9 
CALL C197) 
REM 
REM INPUT DATA SECTION 
GOTO 116 
REM 
FOR I=@, 36: READ ACI): NEXT 
FOR I=@,30: READ BCI): NEXT 
FOR I=@.3@0: READ CCI): NEXT 
FOR I=@» 30: READ ECI): NEXT 
FOR I1=@, 30: READ FCI): NEXT 
FOR I=@.30: READ GCI): NEXT. 
FOR I=, 30: READ H(1): NEXT r

H
 
t
t
 

R
t
 
r
t
 
h
t
 
o
t
 

= GOTO: 190 
INPUT: 395-193 P95 E9 

READ T¢C1)5MC1)5MC14)5MC12)5TC12) 

READ TC2)5MC4)5VC4)5 VOT) 5MCT7) ; 

READ TC14) > MC10)sVC1O)s TC15) Hs VO9)s TC13) 

MCO4)=VC7)-VC 4) 

MC16)=VC4)4MC04)-V018) 

GOTO 160 

REM 

REM DERIVATIVE SECTION 

REM 

GOSUB 3006 

GOSUB 2066 

PRINT Uls U2, U3, U4 

BT=MC1)* CTX CTC 2)=-TC1 9) = Ul*KO* CTC 4)-CTC12+TC2)972) 

Lé= VC Ad * FN FC TC 4) +U LK O% CTC 4)= CTCL 4 1029972) - 

L6=L 6- VO7)* CCI*¥CTOC7)=— TC 4004+ FNEFOTCT7))) 

T6=K 1*Ul* CTCO7)-TC2II/CLOGC CTC 5)= Be ty Teas 

L2@=VC7)*FNFCTC 7) -MC1)2*Ci*¢ TC 2)0-TC7)9-T6 

L3=MCO14)*C1* CTC] 4)0= TC 15) d= UGEKB* CTC 10) ¢TC14)+7°015)972) 

L7=VC1TOVFFINE CT C1O) 4 USGEKS* CTC 10)- CTC 14)4+TC150972) 

L7=L7~ €V064)4M C4) *C1*¥C TO 4)-TCO1G) - VO 4) * FNFCO TC 4)) 

L 4=MC1.2)*C1* CTC 13)=TCO12) -K9*U 44 6TO16)-C TC 1294+TC13))72) 

L 5=MC14)*C1*¢(TC15)2TC14))94M07)*C1*CTC15)-TC7)) 

LS=L 5+ VC9)* ENE COCTC15)9 

AG = 10
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260 
270 
Cao 
288 
298 
roe 
ooo 
300 
395 
350 
Bae 
359 
359 
360 
378 
S15 
386 
385 
39 B 
89D” 

39 6 
SIT. 
399 
416 
426 - 
421 
430 
440 
445 
450 
452 
455 

- 479 
480 
5 
18,6 
LI 

50 
S10 
515 
520 
530 
S40) 
S45 

PRINT “HEAT LOSSES" 
PRIN TOM RT Psa 
PRINT PS."3L6 
RPRING tt "sie 
PRIN TA° 7 FT PLS 
PRIN TA °RS 3b 7 
PRINT. “FSEPR™3L5 
PRINT "' C "sL4._ 
GOTO 359 
REM 
GOSUB 3088 
GOSUB 2600 
MCP aaTrel 
DC1ISEMCO1)*C1*¥CTC19-TO2)FULEKO* CTC 49° 0TO 1947029972) 
DC1=CDC1)94#L1)7 Ce SKK Ok CO*C1) 
703)2 TC?) 
VO 4)=(L1-UL*KO* (TC 49-€TO124+TC2)972) 
VO4)=VC4)04V07) *CC1*CTC3)- TC 4) )+FNFCTC7))) 
VO4=CVC4)-L1I+L 6)/FNFCTC4)) 
MC4.=V0€7)-UC 4) 
T9=K 1*Ul* CTO 7 - TC!) SCLOGCOTO59- T6204 0CTO59-TO7)9)) | 
VO7TI=ECMC1)*CI¥CTC2)-TC7) FTIF4L 2/0 FN FC TOT) 2) 
MO7)=M€1)9-VC7) 
TO11)0=CVC9I*CC1*CTC15)4+T194M0109*C1* TCO 18) 
DC39=€MC14)*C1*CTC15)9-TCO14)94ME07)*C1*CTO15)9-TC7)) 
DC3)=C€DC3)4MC7)* FN FCTC15))/CC3* C2kC FNFCTOC1599))> 
T9=US*KB* (TC1G)-€T014)94+TC15)972) 
DO4d=€MC14)*C1*¥CTC159=-TO14) 2+ TI4tL 37 Ce SkCI1* COkK S)-DCQ) 
D(4)=D¢(4)+DC2) 
VO1BI=CL7- T94 CVC 4) 4M 64) 9*C1*6T0 49-7010) 
VO1G)=CVC1G)+VC4)* FN FC TCA) 7 FNFCTC1Q)) 
MC1@)=VC4)4MC4)-V019) 
192 K9xU Ae CTC16)=CTC1294TC13)97 2) 
SF eu onde Gok Pui Poke }yoT9+ 207. Sueiawin ees 

VO9I=MCO14)*C1*CTO14—TO15)94MO7)*C1*C TO 7)-TC15)) 

VC9II=ECVCIDFL SIZ FNFCTC15S)) 
MCO1L10=VC9I24MCO1004VC18) 
TI=FNFCTC15)): TO=FNFCTC1G)) 
TO110=€VC09)* CC1* CTC15)9+T194M810)2*C1*TCO18) 
TCLID=ETCI1II+EVE1DI*CCI* CTC 19)+T2)9-T9) 
TC11)=C€TC119-L4)970M0119*C1) 
CALL (2s P9s E9s Fl» F2) 
Ie Fi=2. THEN: STOP 
IF F2=2 THEN. GOTO 1000 

AG = 11
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558 

DoS 

5D 5 

564 

570 

poe 8 

EAD 

628 

630 

1904 

1616 

i912 

1414 

1916 

1017 

1918 

1919 

1826 

COAG 

2010 

Men 

2936 

24-45 

EB5G 

2a52 

26 6B 

462 

2370 

2995 

PI9-6 

2999 

SAAD 

3319 

3012 

2920 

3025 

3038 

30 46 

3259 

304 6G 

3076 

BII9 

PACT ONG) 

4610 

4B 26 

424.30 

£0) 4B 

REM 
REM 
REM 
CALL ¢ 
CALL < 
CALL -¢ 
CALL ¢ 
CALL ¢ 
GOTO 23 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
GOTO 
REM 
REM 
REM 
U1= 68 

INTEGRATION SECTION 

3s Ts S919) 
4> T€2)5D1)) 
4.Hs DC3)) 
4. 7€14)5DC4)) 
45T€13)sDC6)). 
52 ee Fee 
T: PRINT : FOR I=15 6: PRINT DCI)3s: NEXT I: PRINT 
TCL) » TC2) MCI 9MC 435 .VC4) 
164) 8007) SVCTIOMET) 
TC10)5MC10)5 VO10)5TC14) 
TC15)5H»s VO9) 
Uls U2s U3, U4 
TL13d0MC1 132 TOU 
: PRINT : PRINT 

560 

HeTeC. SECTION 

2- 27 - SS* OTC 4)-CTC1)4+TC 2) 9/2)4+13- 44*M C194 Se OTHM C4) 

U2= 623¢ 66-1156 3405*(€ 180-TC7))- 1- O39*MC 1)4+58-026* S2 

U3=.2 

U3=U3 

U4=11 

TS O76E-06- 1610 6% C1C10)=¢1C 149+ 70.15) 72) 
— 66693*MC14)+8 5. Sk¥M C10) 

She 9 C= 63¢ O1* (1 CV6)—CEC12)+T813) 9/2) +6 663*M C12) 

U4=U4+ 61* CVC99+VC18)) 

RETURN 

REM 
REM 
REM 
CALL 
S@=-S 
S2=-1 
CALL 
CALL 
CALL 
CALL 
CALL 

FUNCTION GENERATION 

(5s Ts S2s 315 ACO)» BCO)) 

2 : 

Le 38.1—2 SS255E“O ee 50-6 234755E- 66k" S52et 2 

(5s Ts TC 4)5 313 ACG)sCCG)) 

C33 Ts T01)9312ACHISHCO) D 

(53 7Ts T6795 312s ACO)s ECD) 

C55, 15:1 Cla) 281s ACO)» FCO) > 

€55 Ts T6189) 315AC8)s G6G)) 

TC16)=36 
RETURN 
REM 

REM 

REM 

REM 

KEM 

EN D 

‘FUNCTION GENERATION DATA IS STORED FROM HERE 

AN EXAMPLE IS SHOWN IN FIGURE A7. 49 

A6-12
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Q
e
a
e
a
 

Q
Q
 

as 

N
O
U
 
B
W
M
 

K
I
A
M
 

Q vc 

5) 

Q
 1g 

11¢ 

123 

139 

I
S
 

142 

150 
166 
179 
139 
199 

REM PROGRAM 6 

REM 4 
REY FILTER TIMING EXPERIMENTS 
REM 

DIM PC959)5 A929) + RC929I MC 959d FC959) 
Dil ee Y¥C905S0939)5KC939) 
FOR =@39: FOR J=9,9 = 
BCLs J)4 aCadbeRCS JMC. J). FCI, J >= 

NEXT J f 

ACI ISYC I) a2 

NEXT. Te 

FOR M=1,19 
FOR N=151G 

Ally 02s KOS CALL OGs So CALL’ ¢O5M1) 
LE MIsK “THEN: GOTO’ -1g¢ 
T=M1*6G+S/19G 
CALL C34P C0204 9¢ Bs Bs» ROBsG)5MCG5 9), FC 9s G50 

 KCGI2YCG) 4 15 86658) 5KCOs 8) 5NeM) 
CALL Cesnids CALE CaS) (CALL: ¢2,M1) % 
IF M1l>K re GOTO 199 

ae 69+S/18 

RINT NoM, T1-T 

Veet N: NEXT M 

END 

A6~-13



ROGRAM 7 

REM ON =- LINE KALMAN FILTER 

1 AC39s1)4C0618)5DC18)5 EC 29) 

S$€959)5K E959) 

DEF FNFCQ)=2501. 6-2. 4963*Q 
FOR I=14;18:. READ DOLI9 COL) ss NEXT. I 
C1=4. 1366 

fi 

DIM See. oe et 2? C92 9) X08, X09) 

DATA’. 2358 43E-91,97. S62+SIS3I1E-G 15180.221 
DATA --958 492E-G2,~-.911227 
DATA =+«576235E-G2,-14.3 $723 
DATA ~-- 475E-G35 . 30933 ; 
PRINT : PRINT "ON-LINE KALMAN FILTER" 
CALL (2,79): PRINT “START TIMES T93 
PRINT 

"HRS" 

PRINT “SAMPLING INTERVAL"3: INPUT TS: 
PRINT "ENSEMBLE 3: INPUT ES: PRI 
REM 
REM INPUT FILTER STATISTICS 
REM 
P1=1000:P2=1490 
FOR 1=9,3:FC1s1)=Pl: NE 
Q1=1:92=199" 

a
 

FOR 1565 3:Q¢1s1)=Q1: NEXT I:- FOR 13457: QC1,1)=@2: 
RIS. 12:R2=.15 

FOR I=@,2:RCI,1)=Ri: NEXT I:RC 3,395 
FOR 1=@57:MC€Is1)=1: NEXT 1 
B21 
CALL (4,13) 
GOSUB 392 
S$=168: CALL ¢€4.W3):S9=0:N1=14:N2=29 

NE 

R at 

CALL CTs TSsNISN2>, ES» ACG, B)» S35 SOs Q7) 

iF Q72]2 THE PRINT "SCAN ERROR": 
GOSUB 5284 
GOSUB 1116 
REM 

REM 

PRINT“ s- FOR l=0s 7%) PRINT XG1)3; 
FOR 19953: PRINT: ¥C1)3¢- NEXT 1: 
FOR 129,57: PRINT SQRCFCI,1I)): ion 
GOSUB 1099 Oe 
GOSUB 5999 

S9=93 

[Pi S9= 1 THEN 2189 

GO TO.3255 7 

BOP ; 
FOR 1316529: INPUT. ACIs1): NEXT 1 
GOSUB 5984 
GOSUB 4833 

AG=14 

210P 

EX 

RI 

- 
NT 
I 

PRINT 

REM HERE FOR MINIMAL ON - LINE OUTPUT 

I 

ee
 

ee
 

T I: FOR 1=4,7:FC1Is1)=Po2: 

PRINT 

PRIN,
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316 
317 
318 
329 
33g 
335 
34 
Neo 
352 
S05 

362 
995 
996 
997 
1839 
192d 
1936 
1Z6g 
1672 
LOTS 
193g 
1696 
1692 
1G94 
1696 
1098 
1899 
118 
1195 
1107 
1183 
1199 
1112 
PI1s 
112d 

1260 
195 
1966 
1972 
26S 
2616 ~ 
2620 
2638 
(2648 
205% 
2865 
2192 
395g 
396 

23970 

48GB 

4381G 

4323 

AG3G 

4335 
4240 

REM 

REM 

REM 

LI=EC16)*C 

LOSS 2TERMS 

LECCE 220) EC 23) 0 +U1¥ 0:35 *C EC 29)=( EC22) 48023) 9 72) 
L2=3289*C1*C EC 24) -EC 25) +U3*. 7 62*C EC 23) - CECenee ee oR 
XC 4)=U1:XC 5) =U32 XC 6) =U43XC 7) =U2 
L3=WS*C1*C EC 23) -EC21))+U4*1.15*C EC 24)-C EC 20)+EC 219072) 
XC GI=EC23)3XC1)= EC 25): XC 2S EC 212X035 EC 18) 
GOSUB 1882 
RETURN 
REM 
REM TRANSITION MATRIX 
REM 
UlL=X¢ 4) 3: US=X¢ 7) : US=X¢ 5): U4=X¢ 6) ie 

PCO, G=1-€CEC16)*C1+U1*. 38 /2)/3182)*« T3 

PC 1s 1)=1-€C 320G*C1+U3*. 762/2)/3 738 2)* TS ; 

PC 2, 2)=1-CCW3*C1+U4*1.15/2) 7-1 35824ES5)« TS 

PC 3, 9)=-TS*¥EC162*C1*C CL¥EC 24)+FNFC EC 24) )-C1* EC 26) ) 

PC 3, 8)=PC 35 0)/¢ FNFC EC 26) 917 2%. 13ESD 6) 

PC Ss 1S S20O*CI*TS/CFNECEC 24) ) 6 13E9 6) 

PC 3, 3)0=1 

PCBs 43 = 33%( EC 23) =C EC 22) 4XC9))/2)* 73/3132 

PC 155) =. 7620*( EC 28) =-C€ EC 24)+X0619)/2)*TS/38 732 

PC 25 6) =1-15*C EC 24) -€ EC 20) 4X6 2)9/2)*TS/- 1 SSG 24EG5 

PC 3s 7)=TS*C CIXEC C4) 4FNFC EC 24) )-C1I*EC 26) )%. 72 

PC Ss 7) =PC 3s 7) *C 1GD-EC 29) /C FNFCEC 26)) 12k. 13E B 6) 

PC 45 4) =12P¢555)51:P¢C 6, 69213 Bh To 7344 

RETURN ' 

REM 

REM 

spa 

N=$:M=4 

XOO) =EC G3) $8 C1) =EClS5) 37 62) =EC2)) +X 3) = BE 1S) 

CALL C34 PCDs 54 A054 Dds ROGs Gs MC Gs D4 FC Gs 0) 2X0 Od, 

YCG) 2 BBs SCGs 8) 4 KC B45) 9 No) 

EXECUTE FILTER ALGORITHM 

ui 

RETURN 

REM 

REM OPTIONAL PRINTOUT SUBROUTINE 

REM 

FOR T=0.M-1s- FOR J=GaN—1s PRINT ‘P¢1,J)S NEXT Ji: NEXT I 

FOR 1=@sN-1: FOR J=@O,N-1: Saag F¢iod) : NEST ds NEXT L 

FOR 1=@,N-1: PRINT XC€1): BT. A 

ROR L=O5M= 1 sao PRIN T..Y Clo eee I 

FOR I=0sM—1:° FOR J=0,M-1:. PRINT S¢CIlsJ):oNEXT Js NEXT 

FOR L=G5N—-1: FOR J2gsM—1s: PRINT KCloJ):° NEXT Us NEXT J 

POR “L=16) 29s PRINT SClo NEXT 1 

RETURN 

REM 

REM HEAT TRANSFER COEFFICIENT CORRELATIONS 
RED 

DO ee mee ee) Cela ts AaE EEG) 
6236 66-11. 34G5*( 1BO-EC 29))-1.8 eee Ae ee he 
2139 07ES6-161-6*C EC 23 -€ EC 24) + EC 259) /2)- 6669 3x 328 

eOl*xC EC 24) - CEC 2D) +EC 210) 72) +6 O634* WS 

i ° 

Ud=1151.92-63 
U4=U4+ 61% EC 17) 

RETURN ; 
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PROGRAM 7 (Cont. ) 

4952 REM 

4960 REM RAW DATA CONVERSION 
4973 REY 
5909 FOR 1216529: ECI)=ACI,1): NEXT I: RETURN 

5629 L9=AC19,1) : 
5930 §£C19)=-11. 3381-. S38255E-G2*LI- «6 234755E-B GkLOte2 

5949 RETURN” ~ 
5959 REM 
5969 REM STATE PREDICTION BY EULER 

5973 REM 
5999 T8=T8/135: FOR Z=1,135 
6903 D1I=EC16)*C1*C EC 21) -KCG))+KC 4) %e 33 *C EC 29)-C EC 22) 4X6 B72) 

6818 Dl=(D1I-L1)/3182 
6029 D2=320G*C1*C EC 24)-KC1))4XC5)*- 762k( EC 23) -C EC 24) +%6 12972) 

693@ D2=(D2-L2)/6792 — . 

6949 D3=WS*C1*¥CEC25)-XC2)+XC 6)*1015*%C EC 24) -€ EC 286) 4X6 2))7 2) 

6059 D3=(D3-L3)/-135824E85 
6955 J7=EC16)-C EC16)* C1 "CXC G)- EC 26) te TA2#KC 7) KC 1BG-EC 29))) 

6956 JT7=J7/FNFC EC 26)) . 

606G D4=329G*C1*C EC 24)-KC 1) +0 CCL ¥ EC 24) 4+ FNFC EC 24))-C1¥ EC 26))) 

6962 D4=D4*J7 ee ee ne 
6665 D4=D4/(.13ES6*FNFC EC 24))) : 

6966 EC23)=%(6):EC25)=XC1)3EC21)=X(2):EC1382=XC3): GOSUB 4869 

6079 . X€G)=XCG)+D1¥*TS 
6938 %*C€1)=X€1)+D2*TS 
629G XC2)=XC2)+D3*TS 
6106 X*C€3)=X(3)+D4*TS 
6101 REM 
6192 REM REMOVE NEXT LINE FOR STRATEGY 2 

6193 REM 
6195 GOTO 6145 
6118 XC 4)=U1 
6120 XC€5)=U3 
6136 X€6)=U4 
6146 *(7)=U2 
6145 NEXT Z 
6447 TS=TS*135 
6143 X6=X6+l 
4156 PRINT : PRINT : PRINT: X6: FOR I=0,7: PRINT X¢€1)35: NEXT 1 

6208 RETURN 
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PROGRAM 8 

a
 

REM PROGRAM 3 
REM . 
REM OFF LINE ANALYSIS OF STEADY STATE RESULTS 
REM 
REM 
REM INPUT GLOBAL DATA FOR THIS RUN 
REM 
DIM GC2a) 
FOR 121513 : 
INPUT GC1) 
ExT OI? 
PRINT : PRINT "RUN NO "3GC1): PRINT "------" 
PRINT : PRINT oe 
T7=GC 4) +GC 6) +GC2)*C 1. 67472 GC 3) +2590.8) 
PRINT “TOTAL RATE HEAT. IN'S.T73 "> J/s" 
T3=GC5)4+GC7)+GC2)*C 4.13 63*100) 
PRINT "TOTAL RATE.HEAT OUT".TS3" ugvs" 
PRINT ee "1, G08)5 "I /5" 
PRINT “ACTUAL HEAT LOSS") (T7-78~G(8))¥*100/T75™ 2" 
PRINT "COMPUTED | HEAT LOSS", 
PRINT €GC9)-GC13)) "4.18 69%*CGC11)-GC19))*1BO/T75 "2" 
PRINT. "STEAM RATE," °", GC2),"G/5S" 
PRINT “ANALOGUE READING", G(12) 
PRINT 3 PRINT : PRIN.T SPREHEATER':.-PRINT-teaen-ccnn " 
PRINT :- PRINT © ee ; 
GOSUB 989 
PRINT 3 PRINT !1ST SFRECTY: PRINT: '-s-ceeuwe " 
INPUT TC1)ds FOZ) > TCS3e PFC TIE FCS) 2 ee a 
READ NC 1IsNCSIINCSISNC4)5NC5)503.13 
Q=G(2)*C 1. 67472*G6 3) 4259009 -4.1363*100): GOSUB 1391 
PRINT "OND EFFECT": PRINT "to---------- uy 

GOSUB 98¢ ee ae 
PRINT "CONDENSER": PRINT Veo oo ae " 
GO SUB. DS ee : 

PRLN TT AND BREE CTP eSERPARATORN! PRINT  Nensaeemeocoaasaoas " 
PRINT 2 PRINT aa age 
INPUT A 

PRINT ‘MEAN -LEVEL",; ATSE- OBBkA+. 369335" Mm" 
PRINT “OVERALL DATA: PRINT ; 
FOR Ll=1s6:. PRINT GC1l)3t sNEXT-I 
FOR L=7s13%) PRINT GCIly Ss NEXT 1 
RESTORE :. GOTO 196 ~ 
S10? 
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PROGRAM 8 (Cont. ) 

950 -REM 
9606. RE THEORETICAL HTC SUBROUTINE 
916-2REM 
yee ANPUT TC 1)5 TC2)5 TC 30s FC195 FC 2) 
990 READ NC1)5NC28)5NC3).NC4)5NC5),03,13 
1866 Enad Tes te 13 63%CTC3)-TC2)) © 

e¥i2. PRINT “HEAT SE a ee Us 5"! 
1962 PRINT mIEAT FLUX "'s Q/N¢ 5).3 Geom t Ou 

963 LAISCTC3)-TC2)/CLOGCCTC1)- 76299 7¢ T0197 3999) 
i PRINT "ZL M2 EED eet 1e c 

1695 PRINT “OVERALL HTC's, Q/(NC5)*L1)5" WsMrec” 
Se UHNiNT..: PRINT UTVBES. Was 
ae PRINT ©TCA) SC TC2)4+TC33940 BY 

PRINT "MEAN LIQUID TEMP'"3 TC 43 "C" 
1620 M=EXPC-3. 4334475. 45/(€TC4)+113)) 
1936 K=EXPC 2. 241-62. 58/6 TC 4)4113)) 
LGA RECFC1)/NCA)) #1 3/ Clee LE-O2* 1500) 

(1645 PRINT “REYNOLDS NO",R © 
13623 P=41.85*M/K: PRINT “PRANDTL NO",P 
1673 IF R>=2180 THEN GOTO 1992 

3B et Dre erm oe AINE: HNC 2) 2) Teg S*K*e 1/13 
1999 =H1*1I3/03 

g Bit “COEFFICIENT’,H13" W/Mt oc" Se K 
A210" PRINT : PRINT *SHELLSIDE" 
ibe - PRINT 
112g G=FC 207036 147#NC1)*03) 
1139 H2=4999—- 
1149 TCSISTC A) +H 2/CH 14H 2) eC TC 1) = = TC 4)? 
biod - TC69=CTC5)+TC13 9/2 : 
1169 K=EXPC 2. 241-62. 58/(T(6)4113))*el: REM W/MC 
117G M=EXPC-3. 435 +475. AS/CTC 64113) 2%e LEWGO2s REM EN S/MT 2 

3S H3=.925eCKt 3K19GTt 3k9.BS7/CM*G)I1C173 
1196 IF ABSCH3-H2)>1 THEN H2=H3: GOTO 114g 

69 PRINT "COEFFICIENT'SH33™ W/Mtec'' 
£295 PRINT 
PouG. PRINT: ¢° PRINT 
1216 PRINT "CLEAN OVERALL perre 7 eH O/H 14H) aoe rec" 

9 H4=Q/(NC5)*L1)- 
1229 HS=H1*H3/CH1+H 3) 
23! BRINE “DERT RACTOR pf MMOD 4) 7 Cee Mt.ec/s Ww 

L232 PRINT : PRINT "DATA" 
Le3s PRINT es eee Ar 2 
1259 RETUR : ee : ; : 
$210.0 REM 
239 REM PHYSICAL CONSTANTS OF EVAPORATOR 

es
 

nO 
2 
0
 

2
2
 ps] 

peor eee eee 8s + 085+ 221E- 81s AGB E~O 1 
‘le 20 S956 694E“F25 61112 B2se72s-221E-915 13835 - ol 

20 DATA Tote S065/s 1hbpes beech ao; 675; cag ee oie cate ot 
33 DATA 1,26 13s 6 ISE-GT ye SASE-83s 1415, 28 6E-Gls -254E-91 

—
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Q
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 D>

 
e
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~ APPENDIX 7 - GRAPHS, FIGURES AND TABLES OF RESULTS 

The symbo.s on the graphs of Figures A7.50 to A7.65 and A7.70 to 

A7.102 do not represent actual data points. The graphs are contructed through 

the experimental points and the symbols are employed to differentiate between 

curves.



FIGURE A7.1 

Calibration of Flowmeter to Second Effect Separator 
  

Flow ig a 
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-5000 

Analogue 
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x valve opening 

SLOPE: ~0.0052077 eo valve closing 
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CORRELATION. 
COEFFICIENT : 0.9977854 
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FIGURE A7.2 

Cali baad of 2nd Effect Sheliside Pressure Transducer 
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FIGURE A7.3 

Calibration of Liquid level in 2nd Effect Separator 
  

- 1000 

-2000: 

-3000 

Analogue 

Value 

-4000 

-5000 

-6000 

-7000 

-8000 

Liquid level (mH,0 
2 

igo 

) 

£20 
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CORRELATION 

COEFFICIENT 0.99977 
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FIGURE A7.4 

Calibration of Stearn flow through orifice plate 
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FIGURE A7.5 

Calibration of Thermocouples 
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FIGURE A7.6 

  

Vapour Density/Temperdture Correlation for Saturated Steam 
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FIGURE A7.7 

Latent Heat/Temperature Correlation for Saturated Steam 
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Figure A7.8 

CONVERTED OUTPUT 

* 

PREH EATEi 
TUBESIDE L IN 

L OUT 

SHELLSIDE V IN 
Vv ouT 

L OUT 

* 

1ST EFFECT 
TUBESIDE L IN 

L/V OUT 
SHELLSIDE S$ IN 

Sc OUT . 

CYCLONE SEPARATOR 
L/V IN 

L OUT 
V OUT 

eND EFFECT 
TUBESIDE L IN 

L OUT 
SHELLSIDE V IN 

L SIN 

Vv oUT 

L OUT 
* 

OND EFFECT SEPARATOR 

L IN FRO CS 

LIN -FROM-E2 

L.0uUT 

V OUT 

ACCUMULATION 

a 

CONDENSER 
TUBESIDE L IN 

LC our 

SHELLSIDE V IN ¢E£2S) 

E V IN CE2) 

L IN 

L OUT 

PUMP CIRCULATION RATE IW Ee@ 

CONDENSER LIQUID RATE (DATA) 

‘s Baw YC COUPRUTED? 

ACCUMULATIO: 1 E2SCiWEASURED) 

STEAM RATE TO LST EFFECT 
VALVE STEM POSITION 

“TEMP C 

15-9742 

4363875 

5163304 

4865878 

48658738 

43¢ 3875 

5165442 

99-1251 

9901251 

51-5442 
5126432 
5163054 

35-8325 

37-7873 

48.5873 

48-5376 

47-0695 

$1-6482 
37-7373 
35-8825 
34-1634 

13-82917 
22-4594 
3401634 
47-3695 
4720695 
25617 

3539-67 G/S 
863° G/S 
1653-24 G/S 

FLOW G/S 

31-2967 

31-2967 

16016 

14-6229 

1.53789. 

31-2967" 
3162967 
1764925 
1764925 

31-2967 
15-1367 
16216 

3589-67 

35096 67: 
1466229 

1653769 

3e 41474 

1267453 

15-1367 
3509-67 
3509-67 

11-5513 
3-¢53533 

888 
S86 
11-5513 
341474 

1267453 
27-7113 

3¢53533 G/S 
17-4925 G/S 

«5 TURN OPEN 

A7~8& 

ENTHALPY J/S 

2093014 

5685-2 
e4ISO1L4GE 

e377S59E 

“312-636 

5635-2 

* 458 745E 

e408413E 

7259+ 67 

e459 74SE 

3273-17 

e4138G614E 

eS27267E 

eS54081E 

© 377S39E 

“312-686 

8838475 

esrivie 

3279017 
«55403 1E 
©S$272675 
©295435E 
‘533-642 

© 463196E 
°752263E 
© 29S435E 
6803-75 
2511672 
2920627 

35 
85S 

as 
OS 

aS 

36 
36 
oS 

96 
36 
35 

@5 
a5 
OS



Figure A7.9 

CONVERTED OUTPUT 

* 

PREH EATER 

TUBESIDE .L IN 

L OUT 

SHELLSIDE -V IN 

V OUT 

Lb OUT 
OK 

1ST EFFECT 
TUBESIDE L IN 

L/V. OUT 

‘SHELLSIDE S IN 

SC OUT 
* 

CYCLONE SEPARATOR 

L/V IN 

L OUT 

Vv OUT 
* 

QND EFFECT 

TUBESIDE L IN 

L OUT 

SHELLSIDE V IN 

L IN 

V OUT 

L OUT 
x 

QiD EFFECT SEPARATOR 

‘ L IN FROM CS 

L IN.FROM E2 

LOT 
V OUT 

ACCUMULATION 
*x 

CONDENSER 
TUSESIDE L In 

L OUT 
SHELLSIDE V IN (E25) 

VIN CEQ) 
L IN 

L. OUT. 

PUMP CIRCULATION RATE IN E2 
CONDENSER LIQUID RATE (DATA) 

eee Wet ne SCOP Uy ee) 
ACCUMULATION IN E2S¢4ZASURED) 
STEAM RATE TO 1ST EFFECT 
VALVE STE4 POSITION 

TEMP © 

- 1666621 

32¢2379 

3924391 

3424675 

34¢4675 

3202079 

3942895 

98-9733 

9329733 

39-2395 

39-1496 

3924391 

2967125 

35-7942 

3464375 

3404575 

3465775 

34-5775 

3921496 

3307942 

2927125 

31462374 

13-2723 

18-2375 

3162374 © 

34-5775 

34-5775 

17-7854 

3923-77 G/S 
833...G/S 

1228-11 G/S 
15-926 G/S 
12-4123 G/S 

FLOW G/S 

32¢2496 

32+2496 

11-2436 

13-3427 

948349 

32-2496 

32+ 2496 

12-4123 

12-4128 

32+2496 
21-306 
11-2436 

3023-77 
3323-77 

13-3627 
°I4BZA9 

4+ 63357 
660499 

214306 
3023-77 
3323-77 

5°98G94 
15-026 

88a 
8a 

593054 
463357 
62 69499 
172236 

e25 TURN OPEN 

A7-9 

ENTHALPY J/S 

2163-74 

4343.79 

©238615E0 

© 263587E 

135-536 

4348-79 

© 323346E 

©239346E 

5143-65 

«© 323946E 

3443-12 

e233615E 

e3761S3E 
° 33893522 
©263537E 
135-536 

© 118633 
956-199 

3443-12 
¢339352E 
¢376153E 
elS2677E 

1869-23 

A378 43E 

© 612529E 

e1S2677z 

el IS6S3E 

9560199 

1276+77 

as 
OS 

a5 
OS 

a5 

aS 

36 
36 
35 

35 

36 

oS 

35 
os 
a5 
a5



Figure A7.10 

CONVERTED OUTPUT 

* 

PREH EATER 
TUBESIDE LIN 

‘L: OUT 
SHELLSIDE V IN 

Vv ouT 
L OUT 

4 

1ST EFFECT 
TUSZSIDE L Ii 

L/V OUT 
SHELLSIDE S$ IN 

SC OUT 
* 

CYCLONE SEPARATOR 
L/V IN 
Doug 
V OUT 

* ‘ 

QiD EFFECT 
TUBESIDE L, IN 

L OUT 
SHELLSIDE VIN 

Lain 
Vv OUT 
Lo OUT 

« 

QID EFFECT SEPARATOR 

Loin FROA CS 

L IN FROW E2 

~
 

pe
t 

L OUT 

V OUT 

ACCUMULATION 
x 

CONDENSER 

TUBESIDE L IN 

L OUT 

SHELLSIDE VIN (525) 

VIN ¢z2) 

Let 
U L OUT 

PUP CIACULATION RATE “IN. Ee 

COIDEISZEA LIQUID RATE (DATA) 

af Bes CCOmP UTED) 

ACCUMULATION Li] “E2SCH=ESASURED) 

TEA RATE TO 1ST EFFECT 

VALVE STEt POSITION 

TEIP C6 

15.9227 

35-5762 

39-9625 

35-6319 

35-6619 

3557.62 
39-375 
9669750 
9509757 

39375 
3367754 
39-9625 

27-9933 
23-9421 
3526319 
35-6319 
37+S294 
3765294 

33-7754 

23-9421 

2709933 

3501191 

11-4386 
17.9721 
Soe L17T 
3705294 
37-5294 
1961158. 

3246023 G/S 
633-33 G/S 

1426651 

FLOW G/S 

16-1956 
1661956 
11-6353 
1160496 

«586185 

16-1956 
16-1956 
1265237 
12.5237 

1661956 
455931 

1166353 

3246-23 
3246-23 

11-3496 
©5361385 

5°23639 
6+42944 

4.55931 
3246-23 

“3246623 
53367 

-1-27683 

633633 
633-33 

563367 
5229639 
6¢42944 

1704725 

-1.27683 G/S 
¥2.5237 G/S 

025 TURN OPEN - 

A7~10 

ENTHALPY J/S 

1679+ 69 

2412-35 

©293776E OS 
°232933E 35 

287 eS 718 

2412-35 

© 396179E GS 

0292435E 45 

5189-73 A 

eSO6179E: 25 

7456262 ; 

©293776E 95 

eo 37ISL7TE. 96 
e393367E 36 
02329332 65S 

37-5713 
el33474E GS 
1013-25 

7450252 
23933675 36 
e379317E. 36 
©149397E-95 
-149-199 

e304K23E 35 

e476550e 425 

©149397E 95 

’e 1 33474E 95 

1G13-25 

1393«4



Figure A7.11 

CONVERTED OUTPUT 
een eee ae 

TEMP C 

x 

PREHEATER 
TUBEST DE.) Leth 14.6121 

L -OUT 3564637 
SHELLSIDE V IN 4002117 

V OUT 35-4204 
L OUT 3564204 

‘i ; 

1ST EFFECT 
TUBESIDE |, IN 3564637 

L/V OUT 39.214 
SHELLSIDE S IN 9869767 

Sc OUT 9369767 
* 

CYCLONE SEPARATOR 
L/V.IN 39-214 
£.0UT 33-3985 
Vv ouT 40062117 

* 

QiD EFFECT : 
TUBESUDE “LIN : 2728948 

L: OUT 28-9398 
PSHELLSIDE: VIN 35¢4294 

: L IN 3564254 
V OUT 3764534 
L Our 3764534 

* 4 

QND EFFECT SEPARATOR 
L IN FROM CS 33-3985 
L IN FROM E2 23-9383 

L20uUT 2768943 
V OUT 3406392 

ACCUMULATION : 
* 

CONDENSER 
TUBESIDE L IN 11-5346 

L OUT. : 1767421 
SHELLSIDE V IN ¢525S) 34-6832 

Vo IN.-CS2) 3704534 
LIN : 37-4534 

L OUT 17-6467 

PUMP CIRCULATION RATE IN £2 
CONDEYSER LIQUID RATE (DATA) 

ve pt Uke ** CCOMPUTEDD 
ACCUMULATION IN” Z2S¢HEASURED) 
STEAM RATE TO 1ST EFFECT 
VALVE STEM POSITION 

A7=\1 

3487.99 G/S 
633.333 G/S 

1911.23 G/S 
. 72979932 G/S 
lis. 712e3 G/S 

«25 TURN 

FLOW G/S 

16-1956 

1661956 

1868745 

10-2532 

© 621244 

16-1956 
1661956 
Lie7i23" 
1467123 

16-1956 
‘§$e32119 
1863745 

3487-99 
3487-699 

1022532 
621244 

3-96216 
669123 

$-32119 

3437299 

3487.99 
6629122 

0970832 

633-333 
633-333 

6229122 
3096216 
669123 

1761657 

OPEN 

ENTHALPY J/S 

993-315 

2NG4e 72 

©279272E OS 

e262K94E OS 

“9201294 

2454-72 

©237326ze 35 

e273436E 35 

4353-51 

©2373262 35 
"855.472 
©279272E 35 

*457361E 36 

e422491E 36 

e262494E GS 

92-1294 

elGISTIE 35 

1333-663 

355-472 

e422A491E 36 

°4373615 36 
e©1609935E 35 

#113+-29 

e397IGIE 35 
e470456E OS 
1699352 35 
e151S7le 35 
1983-33 
1263-25



Figure A7.12 

CONVERTED OUTPUT 

* 

PREH EATER 

TUBESIDE LIN 

L OUT 

SHELLSIDE V IN 

V ouT 

L out 
x 

1ST. EFFECT 

SUBESTDE. -L.-18 

L/V OUT 

SHELLSIDE. -S IN 

SOz200F 
* 

CYCLONE SEPARATOR 

L/V IN 

LU OourT 

V OUT 
* 

2iD EFFECT 

TUBESIDE L IN 

L OUT 

SHELLSIDE V IN 

L IN 

Mis OUT. 

L OUT 
* 

22ND EFFECT SEPARATOR 
LIN FROM. CS 
L IN FROM £2 

L OUT 
V OUT 
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Figure A7.14 
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Figure A7.15 
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FIGURE A7.16 
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FIGURE A716 cont/... 
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FIGURE A7.16 cont/... 
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DYNAMIC LOG II 

FIGURE A7.25 
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DY NAMIC LOG II 

FIGURE A7.27 
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Figure A7.33 
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SIMULATION OF REDUCED MODEL 

RESPONSE TO INCREASE IN STEAM FLOW RATE 

  

  

FIGURE A7.52 - Condenser tubeside liquid temperature 
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SIMULATION OF REDUCED MODEL 
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SIMULATION OF REDUCED MODEL 

RESPONSE TO DECREASE IN STEAM RATE 

  

  

  

  

    
  

  

FIGURE A7.56 - Condenser tubeside liquid temperature 
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SIMULATION OF REDUCED MODEL 

RESPONSE TO INCREASE iN FEED RATE 
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FIGURE A7.66 
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FIGURE A7.82 
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FIGURE A7.85 
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FIGURE A7.86 
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FIGURE A7.89 

  

1 PREDICTION 2 
  

OFF-LINE KALMAN FILTER DATA 

State Variable 2 es 

2nd Effect Tubeside liquid temperature (Toy) : 

x 

41.0 

40.5 

14 
Fo) 40.6 

37,0   

measurements 

q=0.1 

q=1.0 

q= 10.0 

  

  

  

  

  

  
  

TIME (mins) 

A7-79 

; kL 1 1 i i 

0 5 10 15 20 25 wo 
TIME (mins) 

g 

mh, \ >< Me Le >. Se. 

™ * . — 

Ei © ~~ ° o- o 

i ‘ ! 1 ! } 

0 5 10 15 20 25 30



FIGURE A7.90 
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FIGURE A7.91 
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FIGURE A7.92. 
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FIGURE A7.93 
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FIGURE A7,94 
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FIGURE A7.96 
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FIGURE A7.97 

    

OFF-LINE KALMAN FILTER ©" DATA.2 PREDICTION. 2 

State Variable 2 -—-- . measurements 
: raha? ° q=0.1 

2nd Effect tubeside liquid temperature T,)) mentee 

x nog 10,0 

AA 

  

  
  

  

  

  

  

  
  

42 
0 

B4'~) 

- 40 

38 

A B C. 

at v V V7 
Oe. l i l se ‘ } 

0 10 20 30 40 50 60 

TIME (mins) 

0.40 Fr 
/ 

0. 35h 

(°C) 

0.30) : 

0.25 ~ a 

A B Gc 

x Vv V 
0.20 ~ £ i l t { 

0 10 20 30 40 50 6U 
TIME (mins) 

A7~-87



FIGURE A7.98 
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FIGURE A7.99 
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FIGURE A7.100 
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FIGURE A7.1017 
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Table A7.1 cont/.. 
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Me ae |. = IN OUT 
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| 6 | 100 14:00. j= 39.47. | 48.01 
7 100 14.05 43.85 | 48.88 

LB Gh al0g 14.15 | 43.89 | 49,04 
L'. 9 ab S00, | 4.18 All - | 48.96 
Pe AG N00 ca 42 AY 65 | 5 4By74 

Ve |e 100.< 1385 38.57 | 45.95 
gee 00. 14,00 41.57 | 48.8 
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| | jp a 
| ps al Loe | oo ah 

| 26 | 100 he A000.5° | dae 13.69 
27. | 100 9.4 4.34 | AG WR 53.73 

| 28 100 | 16.00 43.39 1 Sta 313 
wen ee 9200 | ha.) | a9 ae a7 95 

| 30 | 100 ieee | 48-99. Stee 00.73 
31 | 100 Wan) {42.81 50.19. | 30.39 
24100, Fay | aeiss | a9. ee on. 53 
33°) 2100 1655. | 99.64 | 46.91 | 29.93 
34 | 100 Mas | 94.43 | AB ag 46.99 
35 100 | 168 P| 40.00 | age 45.61 
36 | 100 Kee 1473737. Sore | 17.04 
37 | 100 V308 7) 41.041 43 Bee) 17.03 
38 | 100 1988 ehs00' | dee. 30 | 

| 39 | 100 Roe | 3e.48 | Abe | 28.46 
140-1 100 is} Aor 18 | 45:76 ae) -22\83 
| ae op Ba) g5e57 | BRU tea 1822 

42 | 100 G75 | 354 by 39 te. 19 
43. | 100 9.00 SB15 | 40,266 | 97.51 
44 | 100 17.00 | 44.17 bsg | 20.8 
452}. 100 200 24 31e88% | 38.4a ae ee 29782 
4671: 100 (aaeees 38.99 = | 4671 ee 29,43 
47 | 100 13.33 41.01 | 46.69 | 22.39 
48°} 100 = 42 12.9 98.29 | Aga 3a 74 
4ocel? 2100 434 37.68 | v4aior 1h 39.65 
50") 5 1005 ieiao 36.91 | 44.65 | 30.4 
SIC fe 100 BO 426 led STS | 44.97 
52 yh 100 8 de eee a ag > ts 52228. |. 334.87 
53. |. 100 “|, 1738 | 45.6] | 52,984 24.94 
54 100 | ee | Bee | AOE | 49.00   
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Table A7.2 GORE, y= 04: Bis ee 

VAPOUR. <= 
  

  

  

| RUN | se 
| NO, | IN 
ea ce ei 

| TEMP FLOW | TEMP 
S gs | CG 

55 100 12.5 35.64 
56 100 18.00 49.65 
57 100 18.00 45.64 

58°"),u.'-100 10.8 37.99 
59 100 10.7 40.32 
60 100 10.5 37.33 
é1 100 Pot. 2 | 45125 
62 100 18.00 | 45.6 

| 63 100 ideo el 5 4057 
| 64 100 ge | 42 
[651.7100 18.00 | 48.4 
| 68 100 18.00 | 44.37 
| 67 100 {side el ater 
L 68 100 ioe 4141 
| 6 | 100 146 4597 
[702 108 ee A406? 
ne 1006 8.8 35.69 
72 | 100 9.62 #3432 

73° \¢,. 100 18.92 | 43.38 
74 | 100 18.609); | 45:23 
75 | 100 10.5 | 34.4 
76} 100 18:0). 44. 

774 100 ia 43.9 
78° -* 400 10.7) = ks 41.48 
79... 100 Ope) 37:67 
g0 | 100 10.5 | 34.86 
81 | 100 10.4 | 36.38 

82. 1 << 100 10,5 ff ..05:25 
83 | 100 ie fab 
84 | 100 16.00 | 46.44 
85 | 100 14.2 | | 46.14   

  
  

bec TEMP 
° 

OUT 

G 

a! 

4] 

4] 

4] 

4] 

53. 

50. 

49. 

43. 

.86 

48. 

40. 

45. 

40. 

53. 

48, 

46, 

46, 

53. 

53. 

49, 

49, 

49, 

50. 

42. 

12 

52. 

53, 

49 

54, 

53. 

46, 

42. 

tie 

7h 

1S 

82 

63 

67 

98 

49 

49 

36 

21 

45 

85 

a3 

72 

73 

73 

.09 

42. 73 

506 

42 

Th 

26 

OUD oe 

gs 

AQ. 

26. 

39 ; 

a 

le, 

38. 

36. 

40. 

37. 

als 

24. 

48. 

ey. 

ai. 

ahs 

254 

O23 

ois 

29. 

29; 

a2. 

38. 

38. 

22. 

ets 

a2: 

38. 

38. 

35. 

aos 

27s 

  

FLOW



Table Ay Sieont/ 

  

  

    

/RUN VAPOUR LIQUID 

eee LIN OU. e. | 
TEMP FLOW | TEMP TEMP | CFLOW | 
Po - | See Cc ae 

| 86 | 100 yp ere 47.83 | 27.06 
| 87. | 100 17.8 | 50.72 54. 1See 29.21 
| 88 | 100 Ts 186 57-78 2.4) 1.33.23 
| 89 | 100 16.6, 46.33 52.05 | 33.03 
L907 e100 16.6 47.61 52.75 32.87 
| 91° | 100 13.75 44.63 48.68 | 37.93 
192 | i100 13.9 44.04 48.11 avy 
| 93 | - 100 18.1, | 49.02 51.77 25.13 
by 94.660 100 16.1 49.84 52 43 24.17 
| 95 | 100 8.4: 38.66 41.22 25.27 
| 9% | 100 8.3 38.42 40.77 24.98         
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TABLE A7.3 

  

RUN | VAPOUR | LIQUID 
  

  

  

      

NO. J IN OUT 
ey FLOW ul ae FLOW 

gs gs 

48.97 12.73 35.77 97.01 | 3000 

2 42.08 ores 35.19 36.05 |. 3000 
3 51.44 11.05 35.00 36.96 4820 

4 51.03 10.37 35.26 36.93 3525 

5 S163 VOR) 35.98 37.67 3505 

6 50.71 10.5 35.78 37.32 3000 
7 52.43 9.5 36.2 37.85 3175 

oS 51676 12.3 36.36 38.00 3910 

9 53.3 6.5 36.6 38.16 2304 

107} 51.08 Te a6.7) 38.23 |. 2734 
1 46.63 8.0 32.57 34.11 2961 

12 48.2 9.5 36.25 37.88 3308 

132 4786 7.89 37.09 38. 62 2937 

14 | 47.21 6.1 36.63 38.07 2403 

15 | 38.43 4.0 31.79 32.69 2149 

16:1 37.6 8.0 30.97 31.88 | 3000 

17 50.53 9.1 34.29 36.41 2419 

18 48.52 6.7 33.29 35.2671 1910 
19 45.46 6.9 32.94 34.68 2263 
20°F? 48. 67. 8.0 33.36 35.1 2609 

21:15 4697 11.4 34.33 96412 “| 3616 

22 47.74 9.4 34.68 36.47 3003 

23 48.95 Wet 34.99 36.79 2876 

24 46.9] 8. 34.33 36.15 2717 
25 45.15 9. 33.65 35.22 3554             
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Table A7.3 cont/... 
, 
} 

  

  

  
  

  
  

          

RUN __ VAPOUR LIQUID 
NO fs EIN OUT ee 

TEMP FLOW | TEMP TEMP FLOW 
C ae Cc G gs 

26 97:79 4.0 31.00 32,97 1691 
27 35.58 6.2 28.84 29.91 3360 
28 47.07 11.2 $5.88. (| 89¢.7 3509 
29 34.58 a5. 29.71 |.” 30.99 3023 
30 51.5] 8.0 38.09 40.03 3000 
31 48.6] 8.5 34.03 35.98 2463 
32 52.05 11.6 35.42 37.4 3306 
39 6151.9 9.7: 33.1 35.06 2833 
34 49.3 11.6 30.01 S172 fa. 3833 
35. |. 49.36 5.0 35.17 96:93. 41> 1885 
36 | 51.32 12.4 37.62 39.54 3657 
37. | 46.00 7.9 32.46 34.22 2530 
38 | 44.11 6.4 32.96 34.4 2521 
39 | 43.94 6.9 32.1 33.62 2580 
40 | 45.88 8.1 32.21 33.72 3064 
Al oa. 137.53 5.8 27.9 28.94 3246 

42 37.45 6.3 27.89 | 28.93 3487 
45 1 408} 6.2 28.16. 29.17 4852 
44. |. 54.31 9.3 36.8] 38297. 15-2434 
45 | 42.02 7.8 28.88 29.91 4312 
46 43.91 10.2 34.07 35.73 3492 
47 49.49 11.0_ 33.98 35.68 3678 

48 44.18 9.5 34.6 36.03 4311 
49 45.14 5.7 34.27 35.67 2352 
50 44,38 12:3 33.57 34.89 3000 
51 48.35 12.4 Basco [3712 4097 
52 48.88 14.4 35,76 rt 75k 4427 
53 49.5 13.5 35.7 873575 Wee AT 1A 
5A 44.78 9.5 31.6 32.9 | 3928 

55 44.8 7.3 31.95 33.09 3079 
56 53.95 12e7 BOs G7. 38108 3298 
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Table A7.3 cont/.. a 
  

  

  

  

RUN VAPOUR LIQUID 
NO. ON Our ea 

TEMP FLOW | TEMP | TEMP | FLOW 
c oa C 6 | gs 

57 49.6 10.4 Q3;72 35.46 3320 

58 43.94 6.6 30.00 31522 3048 

59 43.08 “$3 90532). f 359 2805 

60 43.82 7.4 29.98 31.13 3730 
61 54:3 er =. 37.34 39a 2984 

62 49.6 10.3 33.83 35.56 3331 
63 45.77 8.4 32.57 34.07 3653 
64 45.34 8.7. 32.07 33.58 3314 
65 53.37 16.0 36.77 39.1 3994 
64 50.64 10.0. 36.97 38.92 2868 
67 46.03 | 10.0 34.2 35.9 3269 
68 47.82 10.0 35.22 36.84 3505 
69 48.22 «| 9,3 35.65 37.28 3265 
70 | 48.14 12.4 35.52 37.41 3732 
71 40.59 7.4 27-33, | gas 3859 
72 39.28 12 7.2 30.03 3151 3453 
73 50.23 12.6 93.42: 35.56 3370 

74 5164-15 1212 35.44 37.58 3272 
75. | 34.84 6.6 29.69 90.78 44 +. 3530 
76 48.91 12.4 36.06 38.16 3381 

77 49.94 10.6 35.85 37.89 2986 
78 39.38 70 32.63 33.97 3039 
79..| 36.49 6.8 29.43 30.64 . 3232 
80 34.13 5.7 26,5 2 |: 29 ae 3190 

81 35.39 11.5 29.37 - 30.48 4083 
82 1-39.41 6.5 28.82. 29.87 3572 

83 51.42 “a 36.5 38.48 3535 
84 48.24 10.3 35.95 97.69 | 3393 
85 46,95 9.0 35.07 36.66 3258 
86 46.29 8.7 34.14 35.63 3359 

87 51445 TiG4 : 37a 395 07, 3294                 
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Table A7.3 cont/... 
  

  

  

  
  

              

RUN VAPOUR | LIQUID | 
NO. IN OUT | 

ut FLOW LN ‘TENE FLOW | 
gs gs | 

88 37.5 He 55° 29.31 3357 
go | 49.69 10.5 36.17 38.11 3090 
90 50.57 10.4 37.44 39.34 3131 
91 46.0] Say 35.6 37.15 3576 

92 | 44.99 9.0° 34.76 36:26 3421 

93 49.5 tae ' 36.36 38.32 _ 3422 

94 50.25 12 37.17 39.17 3204 
95 37.33: 5.8 2.83 33.53 3753 
96 37.00 2 32.15 33.09 3814   
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TABLE A7.4_ 

  

  

  

    

            
  

RUN VAPOUR . LIQUID | 

eho IN 2 Ouke Sey 
TEMP FLOW. | TEMP TEMP Low | 

gs G C gs 

[nt 37.02 | 22.80 212.65 24.29 550 
[eo 36,18 }°9990-67 12.57 22.65 550 

3 37.4 23.00 12,2 21.1 780 
pee 43,76 10.79 13.74 24.36 504 

5 43.77.) = 10,8 13.77 24.75 504 
6 43.58 | 12.8 13.63 24.92 504 | 
7 43-70-|, 145 13.63 25.28 504 
328 AS.72°4,12,95 13:83: 1502 25 a5 504 
9 43.72 11.6 13.87 25.58 504 
10 43.9 12.55 13.9 24.95 504 
iT 38.87 | 13.01 13.79 23.51 479 
12 39.85 | 13.2 13.98 25,32 479° 
13 40.46 | 14.05 14.07 26.24 479 
14 40.36 | 13.00 13.86 25.9 479 
15 36.72 Bo | 13.88 20.73 479 
1691: 86107, Ae gaa 13.870 | age 479 | 

Lay 30,48 14.47 13.34 copes | 74a 
13 37.8771 2 1%,00 13.21 21.74 742 | 
19 3730 14,62 13.09. 20.87 742 | 
20 87,08: | 1492 | 13.04 20.85 742g) 
2V 1, 96.92 |e 10.8) 20.6 742) 
22 37.13 13.17 12.95 20.77 742 | 
23°) 97628 - arab 1 AD.96 3097. 742 

| 2hal’ 97164 | Mia.gs ! 12,93) = 27,21 742 | 
[25 |. 86.8. eenarges | 19.9 20.4 742 

26 | 32.64 ae2 14,06 | © 1i2—p * 800 | 

[27 | 30.23 0887 13.62. | ABS ee 800. | 
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Table A7.4 cont/... 
  

| ; LIQUID 
  

  

    

  

RUN VAPOUR : 

NO. | aan OUT 
TEMP FLOW TEMP _ TEMP FLOW 

C gs G G gs 

28 34.17 14.96 13.83 22.46 800 

29 a1.23 10.6 43,07 18.29 800 

30 43.09 14.9 12.47 +] 25.68 483 

31 37.76 15.98 11.75 20.95 300 

32 41.19 15.00 8.88. 1-22.85 483 

©83 @leea1j27- | sige 73 20.55 483 
34 41.18 14.57 4.61 17.85 483 
95261 241 129 15.45 10.11 1. 39,03 483 

36 41.72 1652) T1992 ee 26546 483 

37 38.92 16.34 12.46 20.56 633 

38 37.5 1252 12.65 20.83 633 

39 37.00 12.95 12.55 20.95 633 

40 36.94 12.8 12.59 20.95 633 

4] 35:11 | 104 11.48 17.97 633 

42 34.68 10.2 11.6 7a 633 

43 34.66 6.5] 11.65 17.05 633 

44 43.12. 16.3 11.65 “22.61 633 

45 39.44 8.67 11.39 ‘17.59 633 

46 40.63 11.82 11.28 20.24 633 

47 40.43 11.48 11.04 19.9 633 

48 40.78 10.00 12.33. 2016 483 

49 40.76 9.96 12.29 22.99 483 

50. 39.27 16.00 11.76 21.62 483 

51 30.9 14.45 14.06 22.52 845 

52 30.72 14.34 13,86 22.49 845 

53 30.44 15.34 13.06 22.36 845 

54 | 42.3 10.1 12.14 19.31 733 
55 40.59 Lii2ée 11.94 18.69 733 

56 41.67 1041 11.82 21.98 735 

57 40.93 14.4 11.4 20,67 733 

58 40.6 10.4 256 18.6 725 

59 40.57 1i3 ' 12.49 18.64 725           
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Table A7.4 cont/... 
  

  

  

        

            

RUN VAPOUR LIQUID 
‘| NO. IN OUT 

TEMP FLOW TEMP TEMP FLOW 
cS gs C C gs 

60 39.3 8.99 lee 18.34. | 725 
6] 42554 | 8 Taea5" 11.61 23.34 725 
62 40.88 |. 14.45 11.14 20.46 733 
63 30.6 12.95 12.00 19.36 800 

64 29.51 13.97 11.82 19.16 809 
65 30.22 17.1 1) 22.4 866 
66 28.9 15.04 13.74 22.27 855 
67. | 30.00. 57.13,6 13.42 20.1 857 
68 | 29.00 12.48 13.44 19.74 867 
69 29.00 | 13.00 13,15. 19.77 867 
70 25.86 |” 13.85 13.14 20.45 835 
71 29.00 8.5 13.89 | 18.28 833 
72 29.00 8.76 12.98 17.5 833 
73 32.00 | 15.48 12.82 20.92 833 
74 33.00 15985 12.54 21.49 833 

75 30.00 9.7 11.88 16.55 900 
76 30.00 16.00 11.64 20.8 900 

77 30.00 16.79 10.58 20.03 900 
78 30.00 11.52 na. 19.8 833 
79 28.00 |: 10.39 12.41 17.54 833 
80 28.00 | ---10.64 12.4 7:2 833 
8] 28.00 9.99 516 17.73 833 
82 28.00 9.77 11.89 16.64. 833 

33 32.00 14.18 0.38 23.65 771 
8A 32.00 13.47 14.49 23.33 771 
35 32.00 12.6 14.45 22.68 771 
94. }:38000..| ane 14.46 22.05 771 
87 32.00 16.14 14.41 23.83 771 

88 26.00 5.83 12.97 16.63 736 
39 32.00 14.5. 12.37 22.18 736 
90 32.00 14.45 19 26 22.04 736 

91 32.00 i235 | 1357 2h gl 736 
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Table A7.4 cont/... 
  

  

  

        

  

RUN VAPOUR LIQUID 
NO. IN Our 

TEMP FLOWS TEMP TEMP FLOW 
C gs CG a Me _ gs 

2 32.00 12.6 12472 20.84 | 736 

93 32.00 19479 12.07 20.78 825 

94 32.00 13.34 12.44 | 20.78 825 

95 30.00 = 709 12.47 16.54 825 

96 30.00 6.89 12342 Sc. “17,02 825               
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TABLE A7.5 

EXPERIMENTAL AND COMPUTED HEAT LOSSES: 
  

  

  

  

        

    

RUN | EXPERIMENTAL] COMPUTED]! RUN| EXPERIMENTAL | COMPUTED | 

re NING os LOS8 LB ee LOSS. Ve) 
6.74 7.62... {28 6.82 9.85 | 

2 8.76 6.17 | 29 3.05 S80 
3 Or 18,17... || 0 12.97 10.00 
4 11.84 G04 2 [p01 728 13.99 
5 10.36 7.38 32 13.53 15.35 
% 7.82 1204 71, 39 13.29 18.99 
7 9.28 7.34 (134 14.14 19.39 
8 9678: 1 4 12,72 35 ol 6BPe eehadd.42 2 
9h 7 Og ets 6.88 36 | 14,49 19,35 
10°12 Jond ) asia. 33 Suis NV Big 841 

ich a7i07-2 | 18.84 SB. 9:90 12,84 
12 166 ee ah 18,02 9} 00a 1 14,56 
13} 728 a |S 6,03 dO 9 4, 40 
14 ee oud | 12.37 Al] 1s, 5.59 9.13 
1B 4.37 | oaeoe 42 | 7.12 7.24 

Toe heed ee eee 4g | 80 5, 10 
Wo e575 Na 6.78 44° 1): 10684) oh 19.85 
18 | 4 274662 | 10.07 Td a, | 11.28 
14 8.52 i aeo 146] 8.66.2), 10.03 
20. |. 8.40 2. | 14,98. 47. 1.9.51 L962 
21 12995652 ah iae7 48:1 S89 ee 5.64 
22 I SOT | Aleas A989, 5g F582 
23 f 10.06 4 gyse 5D} e35.19 ey | 20:07 
24 Ves 8128 | 90.65 S11 49,04 | 6.70 
25.1 ey ib7 eared Go 8 Bs7ae oe (12.5 

| 26 | 6.68. | 10.55 Boe 7.a aT 6.00 
| 27 | 5.71 | 9.11 Bie. gay | 5.69 |     
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TABLE A7.5 cont/... 

  

  

  

              

RUN |EXPERIMENTAL |COMPUTED ||RUN |EXPERIMENTAL |COMPUTED 
NO.| LOSS (%)__|_LOSs (%)_IINO.| Loss (%) | Loss (%)_ 
55 8.13 mae 76 5.34 6.52 
56 10.11, 06 || 97 4.96 6.76 
57 12.20 10.02 78 8.62 9.58 
58 8.01 12.14 79 9.51 10.37 
59 8.52 14.80 80 4.37 6.84 
60 5.29 6.66 81 7.85 9.02 
6th: 8.89 4.66 82 6.29 8.37 
62 11.98 9.95 || 83 12.41 11,27 
63 8.78 10.13 84 7.36 8.32 | 
64 10.09 13.46. |] 85 14.27 Were 
65 3.98 6.89 86 6.01 8.45 

| 65 7.56 7.09 87 3.92 7.29 

67 10.99 10.74 88 5.77 4.31 
| 68 11.31 10.11 |} 89 8.24 76a 

69 9.56 10.26 || 90 10.37 8.18. 41 
70 10.48 19.938: 211-91 4,72 6.72 

71 50 tere || 92 9.13 8.93 | 
72 7.54 8.78 96 Nk 6.497 7.24 

73° 4 lave 12.08 94 5.78 6.52 
74 14104 8.83 08a 4,96 8.30 | 
75 7.60 9.54 96 13.42 12:06 = 4   
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TABLE A7.6 

EXPERIMENTAL AND THEORETICAL 

OVERALL HEAT TRANSFER 

  

  

COEFFICIENTS 
ekcnt ae 

RUN | Experimental | Theoretical || RUN | Experimental | Theoretical 
NO. | Coefficient | Coefficient || NO.| Coefficient | Coefficient , 

| Oe es ta ee ah oo ee ey 
poe We Be ek 
Pld 5364) | sae 20 |. 603.2)" | 687.9 
DNs | bie | 29. |. 753.77, ©) 2618.5 

32.15 506.0) 7 1 eee e390. | 592.1 | 562.2 

4530.4 1) 88dce oH oi. |. 557.0. +] 620.8 
5 | 2600.6 Sie 582.0 | 32 606.1 | 584.7 
64 Figg. Feces 0 33 | 615.7, | 574.3 
Tle nah eNO GN. 34° .|:. 942.707 1 732.2 
Be | G59:3 fe z5en 35 | 852.39. 79217 
7 7180 eae Gone | 946. | 513.7 2 ts 237.2 

10 6ASie ease lay 724.3 1 237.6 
402,9 | pyre || 38 |) 916.0 723.2 

12227) BOBS 1 Geers |) 39 684.8 | 580.1 

1318 7o7Oe eho Foe al 40, | 685.8. 2. 288.7 
14 729,23 Te || 41 848.8°- | 231.9 
15 | 1020.8 =|) 2686 || 42 200,85 4,61 281.7 

|16- } 7999.3 20] 2 268.9 8 43.-17--519.2 2 273.0 
Pay aea7 1 oe ad | 613.0 2 eit. 
| 18 | 550.2 240.0 | 45 | 647.3 | 572.2 
[19 |e 641.0 666.0 || 46-1 548.0 | 592.0 

20" |e oom 664.2 | 47 | 540.9 | 256.8 
pe2ie- 1} 9 sagt 563.4 | 48 | 680.5 | 723.2 

22 ! 526.9 567.3 | 49 | 656.3 715.1 
123 | 493.5 258.8 | 50} 531.7 603.9 
| 24. b= 520.3 057.1 = 15) |: 643.9 821.4 

25:19 6538 710.4 | 52 | 504.5 689.0 
| 26 | 481.6 221.9 | 53 | 422.5 558.8 

a7 ee 719 eee 844)" 579.82 1. 733.9   

  

  

  
  

 



TABLE AZ.6 cont/, +i 
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eee 

Theoretical 

Coefficient 
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Pa
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D
 

  

RUN | Expacinieaiell iTheoretical || RUN | Experimental 
NO. |Coefficient {Coefficient ||} NO. | Coefficient 

Wicke. LW Wack?! 
55 | 578.5 727.2 76 | 539.1 
55 | 966.6 Pee | 77) 591.8 
SP N044e7 | Ae 78 he 361.7 
so | si. fae 79 | 383.4 
59°. | 312.5, 3) 21315 || 80 | 543.2 
60 | 1516.9 703.3 Bla (57 2sd x 
él | 8 68907 710.9 |} 82 568.9 | 
62 | 964.4 | 755.1 | 83 | 718.8 9 4 
63 | 846.7 714.4 || 84 | 783.2 

64 | 879.9 97.1 | 85. | «673.1 
65 18) 47450 | 565.3 | 86 | 658.5 | 

66 | 787.7 868.5 |) 87 | 735.8 
67 | 446.6 b8a00. ft 88. | «838.2 4 
68 | 451.6 579.2 M89 1 628,10 
69 | 446.2 582.2 || 90 | 679.8 

70 471.7 569.5 | 1b 863.2), 

71 3930 662.8 : 92 | 850.5 
72 | 384.0 631.4 | 93 | 638.8 
73: |" 386.1 630.8 |} 94 | 633.8 

74 | 453.2 634.4 || 95 | 585.8 
75 | 472.3 763.8 | 96 604.0 ace 
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TABLE A7.7 

EXPERIMENTAL AND THEORETICAL 

OVERALL HEAT TRANSFER 

COEFFICIENTS 

FIRST EFFECT 

  

    

  

  

  

  

  

    

  

    

RUN |Experimental |Theoretical || RUN | Experimental | Theoretical 
NO.!} Coefficient Coefficient |} NO. | Coefficient Coefficient 

win oko. Wik S Wnt Ke. Weck 

bl 832.1 236.9 28 967.6 240.2 

poo 594.4 234.9 = |} 29 445.3 239.9 

co 946.2 229.7 || 30 | 1023.4 238.8 
[4 so4.4 | 231.8 || 31 | 1006.5 237.4 
Pes 808.9 le 231.7, || 32 | 996.6 232.5 

V6 791.2 253.9 | 33 926.4 233.4 

7 831.8 21983 |. OA | 875.7 267.9 
| 8 839.3 217.1 | 35 | 960.3 269.3 

b} 9 1823.8 242.1 | 36 1118.7 199.0 

| 10 823.3 242.0 ft 37 722.1 196.8 
ae 762.4 232.8 | 38 726:7 256.3 

E122. 811.6 239647. 1\):39 724.1 231.8 

| 13 | 803.5 258.0 || 40 | 728.8 216.3 
14 795.6 256.3. || 41: 455.0 12.75" 

15 | 4974.9 225.4. || 42 453.8 192.7 
| 16 390.5 224.9 43 459.1 228.7 

|.17,. | | 875.9 201.0 ft 44 1035.7 235.9 

18 847.2 200.0 45 441.5 232.6 

19 789.7 247.2 46 752.9 234.4 

f 20) 29995:7 40. | CAG 47 754.5 215.2 

: 21 ; 822.0 228.5 || 48 711.3 255.9 
(22°>) pag s2 228.6 |} 49 716.3 255.5 

23 | 843.5 216.5 i 50 709.3 236.2 

R24" |< 83414 eS 2g 51 1080.4 268.8 

: 25 | 792.2 | 255.7 || 52 1088.1 | 247.6 

[26 sk 520,89 SI Vega 1 53,4). 131851 1 228.8 
| 27 479.5 (1 2ha0. th 54 656.95 3h. 25757     
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TABLE A7.7 cont/... 

  

  

    
  

  

    

RUN | Experimental | Theoretical || RUN | Experimental Theoretical | 
NO. |Coefficient Coefficient |; NO. } Coefficient | Coefficient 

Wen Kat Wine: in eee ie | 
55 657.1 258.1 76 1128.3 956.1 7 
56 | 118952 228.8 || 77° | -1130.8 359.8 7° 

57° | 71083.8-. 258.0 178 | 608.3 q14.8. 
58 | 566.2. 218.3 || 79 568.5 1.3 | 
59 594.5 77.2 80 "538.0 — 255.6 | 
60 547.8 255.3 Sl... 546.8 254.4 | 
61 1263.5 251.7 | 82 | 540.7 ! 255.0 | 

62 | 1079.9 259.9 83 1113.6 fo 28)56 | 

63 819.5 252.6 || 84 } 989.1. 330.5. = | 
64 838.6 20,9 | 85.1 962.4 22 | 
65. | 1164.7 222.0 | 86 827.5 229.3 | 

“66 1120.6 | 276.6 {87 { 1188.9 yx ARS 

67 898.5 229.4 68 | 367.2 244.1 
68 868.9 229.4 || 89 | 1038.5 | 244.8 

69 854.6 229.0 |; 90 | 1059.0 244.8 | 
70.18 °995.2 224.7, 1 91. | 818.9 255.6 | 
Fi | A894 242.8 |, 92 818.9 254.9) 

72} 490.3 238.3 | 93 | 1030.9 224.9 | 
73 Aas 5 235.6 {194 { 1046.5 223. 
74. | (16238 236.0 | 95 : 444.2 206.5 3 
75 Sora 256.5 || 96 | 436.4 Zé | 

| ed oo         
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TABLE A7.8 

EXPERIMENTAL AND THEORETICAL 

COEFFICIENTS 

SECOND EFFECT 

~OVERALL HEAT TRANSFER 

  

  

  

    
          

RUN {Experimental |Theoretical || RUN |Experimental | Theoretical 
NO.} Coefficient Coefficient |; NO. | Coefficient Coefficient 

Mie to Waek UL Win cc Wen 
1 | 1841.6 ; 2205:8 || 28 3880.7 2495.1 

2 | 2491.9 2380.8 || 29 4722.5 2340.8 
35:1 49812.3 2884.8 || 30 | 2908.6 2492.8 

4 2456.7 2543.7 31 2203.2 2154.2 

5) 12 2620.3 2549.0 {| 32 2611.1 2442.7 

6 | 2034.7 2358.9 33 1943.3. 2280.7 

7 \. 2119-8 2476.0 |} 34 2222.3 2488.8 

8 2743.0 2622.3 35 1555.2 1974.1 

9 | 1407.7 2201.7. |! 36 | 3440.2 2564.8 
10 | 1908.5 2369:7 97 |. 2200.2 2160.8 

Te 2140s te 5343.7. 081 2170.3 2204.0 

12°: |. 28022.4 2497.9 || 39 | .-2208.6 2197.3 

13 | 2804.5 2427.5 |! 40 2234.5 2366.8 

14 | 2190.4 ; 2298.6 (4) 41 e311 .2 2394.2 

eo 198001 2059.2 |! 42 2490.7 2456.4 
16.1 276528 9967,9..-1| 43 2190.4 | 2921.5 

17% | 2106:1 2132.6 |} 44 1997.7 2193.8 

18 | 1648.3 1906.1 {| 45 2193.0 2693.3 

19 | 2109.7 2070.1 |! 46 2580.8 2502.3 

20 re 1961.0 2222.5 : 47 2660.2 2537.5 

21 | 3440.2 2494.1 | 48 4342.0 | 2747.4 

| 22 } 2758.0 2359.1 {| 49 2020.4 2175.9 
1 23 | 2465.8 233.4 4) 50]. 2434.2 2231.9 
| 24 2645.3 2255.4 | 51 3657.3 2628.3 
| 25 | 3250.2 2501.9 h 52 4021.4 2656.7 

{926 | . 2974.2 Wiz |) 53 | 3732.8 2613.5 
| 27 3618.8 2422.7 | 54 2541.1 2585.3 
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TABLE A7.8 cont/... 

      

  

  

  

  
  

  

RUN | Experimental | Theoretical || RUN Ec nerimanil Theoretical 

NO. |Coefficient Coefficient || NO. } Coefficient Coefficient 

eee Wack Weck Wak. 

55 1782.1 258607, I-76. 3758.7 2435.6 

56 2693.7 2438.8 || 77. 2909.6 ~ 2350.0 

57 2400.5 2436.6 || 78 } 4190.0 2365.2 

58 1745.2 2365.7. || 79 3844.8 2383.7 

59 1832.1 2279.4 || 80 4103.1 2365.5 

- 60 2015.9 2572.4 | 81 : 5185.6 | 2436.3 

6] 2583.0. 93723. 2 | 82 2324.1 2505.8 

62 2411.5 2445.5 || 83 3135.8 3749.8 

63: 4. 5)2745.4 2572.7. || 84 S907" 2493. 1 

64 2494.2 Gage 2 tt 85° | 2916.5 2464.9 

65 3763.5 2562.4 © | 86 | 2738.7 | 2490.6 

66 2750.1 2345.6 87 | 3030.5 | 2469.6 

67 | 3159.7 2416.5 88 7) 2266.3 2656.7 

68 3005.2 2526.5 |i 89 | 2981.9 2396.5 

69 2825.2 2479.1 | 90 | 3049.1 2439.7 

70 3772.3 2527.8 | 91 | 3591.9 2553.4 

7] 2101.9 2535.0 99041 Baz909 2506.0 

72 | 2644.6 2457.9 || 93 | 3444.5 2474.8 
73 2859.0 2389.3 | 94 | 3312.5 2435.9 

74 2888.1 2413.0 | 95 | 4970.2 2665.4 

75 5230.2 2473.4 | 96 | 5119.4 2653.5       
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TABLE A7.9 

- EXPERIMENTAL AND THEORETICAL 

OVERALL HEAT TRANSFER 

COEFFICIENTS 

  

  

    
  

        

CONDENSER 

RUN jExperimental |Theoretical || RUN | Experimental | Theoretical 
NO. } Coefficient Coefficient ||} NO. | Coefficient Coefficient 

Wink eae cl Wen Wm 7k"! Wm 2k7! 
1300.8 1348.4 28 | 1608.1 1609.3 

Fo AeTI88 1364.0 29 987.0 1686.7 

3315129712 1453.3 |! 30 993.5 1459.3 

4 801.1 1579.1 31 1271.3 1569.8 

5 835.6 1581.4 || 32 996.4 1412.1 

6 868.1 1529.5 33 899.0 1381.5 

7 899.0 1499.2 34.1) 7917 1368.4 

es 903.2 189059 95.8) 941.8 1412.1 

9 | 913.6 1565.0 | 36 | 1060.7 1423.9 
10 | 842.9 - 1539.0 || 37 842.4 1499.5 
7 855.0 1464.6 38 920.5 1588.7 

12 | 1006.0 1477.2 39 970.5 1565.6 

13:4. 1078.38 1468.3 || 40 969.7 1569.2 

14 1056.3 1487.1 Hl 41 740.3 1581.2 

a5 621.7 1556.3 42 707.7 1603.2 

1 16 663.6 1553.6 43 616.7 1747.9 

17°*161205.5- 1572.9 44 987.1 1534.2 

18 ! 1146.7 1553.2 || 45 576.5 1688.4 

19} 1052.3 1596.9 | 46 839.8 1609.1 

20 |} 1063.9 1602.7 47 827.2 1614.0 

21 | 1054.1 1636.9 4} 48 844.9 1544.9 
22 1054.9 1632.8 49 829.3 1544.9 
23 | 1034.9 1650.7 i 50 780.9 1392.1 
24 } 1107.9 1551.8 || 51 2147.4 1620.0 
25 | 1017.3 1626.2 f 52 @| 2212.1 1620.1 
26 | 952.6 1632.0 531. 945607 1587.6 
27) 1015.1 1741.9 54 723.9 1748.6 
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TABLE A7.9 cont/... 
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RUN | Experimental | Theoretical || RUN leaperimariia Theoretical 
NO, \Coefficient Coefficient || NO. } Coefficient | Coefficient 

Dine eT Vinee ae: Wine a 
55 | 7717.2. -|. 1691.3 |} 76 | 2264.0 1574.9 

56 1110.8 bere 72-1 2194.6 1547.0 
57 | 1005.8 1613.4. || 78.1. 1602:8: 1670.0 
58 640.3 1718.0 79 1210.7 1677.3 

59 652.4 1687.4 || 80 1115.6 1666.1 
60 682.0 1757.4 || 81 1314.5 1691.7 
61 1258.5 1608.2 || 82 1059.8 1691.6 

62 1003.8 - 1609.2 83 3740.1 1529.4 
63 | 1467.0 L 1607.50 | 84 | .1973.0 1625.3 
64 | 1561.1 1589.4 || 85 } 1776.5 1646.1 

: 
65 2651.4 1549.5 || 86 } 1591.3 1642.6 
66 2609.5 1Sea a8 i607 | 215255 1561.3 

67} 16276 1628.8 | 88 | 884.4 1811.8 
68 1638.2 1651.6 |i 89 | 1857.7 1562.0 
69 1706.7 1634.5 ; 90 } 1833.0 1561.5 
70 | 2600.2 1574.8 |} 91 | 1583.0 1615.7 
7\e 1041.3 17769 921. 146613 1606.3 
72 1005.7 1754.2 | 93 1725.6 1616.1 
73 | 1664.1 1581.7 : 94 | 1669.3 1630.6 
74 | 1744.5 1590.5 | 95 | 793.5 1830.1 
75 | 976.5 1745.2 | % } 911.1 1844.3


