CHAPTER IV

ENERGY TARGETING SOFTWARE AND EXAMPLES OF APPLICATION

In Chapter II, the pinch design method was introduced to
determine the minimum utility reguirements along with maximum energy

recovery. The pinch app ‘ readily predict the minimum

utility reguirements ), ‘ lmt of the network.

The following Secgions: i & features of the program and

its limitations, the cha 5 e to run the program, and
TR

examples of 'ﬂlmﬁ" ted  from. numerous text-books and

|

R wﬂn WEINT
in the tl'acmulomr me] GDWMT “:u;:ﬂ““:

to utilize its powerful formatting features highly suitable to complex

scientific, mathematical, engineering algorithms and it is executed on
a personal computer. The flowchart notation used in Appendix A
corresponded to specific program statements in Appendix B. The
flowchart illustrated the algorithm used and the rudiments of
programming in the 1877 version of the FORTRAN IV language.
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The reguirements needed to run the program are
Hardware : A personal computer with two disk drives and 640 K of
random-access memory operfting on the Disk Operating System (DOS
command). To obtain a hard copy, a printer is recommended.
Software : A 5.25-inch dmble—sidu:l, double-density, soft section
diskette containing the source gmd working program.

&2

Pascal Programming =litor and identified by the

and edited wusing Turbo

8t yf 6 decocutie | ve obtained with FORTRAN
Programming Softwus -'-=' \\‘ e and extension was
THESIS.EXE. The csghbidity esapt \program is as follows :
- iperature  intervals into
subintervals and then et ;-%’f- surplus (or deficit), and the

cold utility requirements

“muwjﬂ§ﬂ§Wﬁﬂﬂi
AT TNy -~

more streams are to be handled, it is

necessary to proportionally increase all the dimensions of arrays in
the source program. .
- The heat capacity flowrate of each stream is
assumed constant and independent of its inlet and outlet temperatures.
- The present program is not design to deal with the
threshold problem.




4.2 Simplified Flowchart of Program

- MINIMUM UTILITY
- PINCH LOCATION

RESULT

= )

I VHo04qsu
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4.3 InputDutnnndPrmadnretufhmtheProggm
4.3.1 Input Data Required
1. Bumber of hot streams
2. Number of cold streams
3. Supply tuqeratures, target temperatues, and heat
capacity flowrates of all the

. : difference (A Tmin) allowed
at pinch point. __—-4
Note that bhe"t \acoepts Bither of two unit systems,
i.e., British Engi § Uhd : \?:\‘%.. d SI Unit (kW, uc}

4.3.2 Procg
Step 1 : Start-up
Switch on
commands. Load the

nd boot the system with DOS
file THESIS.EXE.

the value of any tl.lreorl'm 1tyflnﬂratemstbamtarud

e BRI RO TS
=W ANTRl Ine0dy

consecutively : table of hot stream data, table of cold stream data,
net surplus or deficit of heat :l.n each subinterval in tabular form,
pinch location, and energy targets. In case a hard copy (printout) is
desired, use "Control P" prior to the program execution.
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4.4 Examples of Application of Energy Targeting Program

The following three examples were selected to test run the
present program by comparing the results with those given in the
original sources. The first example problem taken from Conceptual
Design [2], was the simplest one: involving only two hot streams and

two cold streams. The se le, a revamp problem of MER

' J%::ulm three hot streams
licated le was a
‘ ' ical Engineering [19].

design, was taken from U

and two cold streamsie

simplified aromatics &

The instrucs llustrate how the program was

run and what the outpufs .' '- 5‘\\\. run. The three steps
LAY ... "

described in the previgusfsdct @

24 | 0

\.'\--. the user’s responses,

verformed in each example.
To distinguish the pfoghan

" .
]

user-typed characters arg undeflined oughout these examples.
i

e

Given : Table 4.1 Ac

X

| 1
A1 yﬁi‘ﬁwﬂ wﬁwmﬁj |

@ anditi « Hi H o '
o051 - . .r. J 1
| " ‘!- " " "|| l‘ 0 | '
q - =3 Ho 4000 00 10
) Cold 3000 90 150
4 Cold G000 130 1590

Source : James M. Douglas, Conceptual Design of Chemical Process, pp.

218, McGraw-Hill Book Co.,1st ed., 198B.
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Original result :

Pinch Point Temperature : Te = 130.00 °F
Minimum Hot Utility Requirement : @Qh = 70.00 Btu/hr
Minimum Cold Utility Requirement : Qc = 80.00 Btu/hr

Program Execution : .

§EEE_£ : Start-up procedure

Load the working program ' ing file name.

A> THESIS

Step 2 : Input dats . v |

Input dats to the rlined characters.

INPUT THE

NO. OF HOT &
< .

NO. OF COLD STRBa
2
INPUT T '83) or (oC)

i
IF TEHEBR&TUR UH LEY 1

HAEIVE S

YhoT-STREAM DATA :

mmmmmmma Y

250 00
“TARGET TEMPERATURE (oF) =

120.00
HEAT CAPACITY FLOWRATE (BTU/hr-F)

2

HOT STREAM No. 2
SUPPLY TEMPERATURE (oF)

:

TARGET TEHMPERATURE (oF)
100.

HEAT CAPACITY FLOWRATE (BTU/hr-F)
.00

n

1y

|
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COLD-STREAH DATA :

COLD STREAH No. 1
SUPPLY TEHMPERATURE (

TARGET TEMPERATURE ' (jof :
150.00 AW
HEAT CAPACIZY FL hr-F)

3.00

Step 3 : Output of Hesaltes—————uv’|
Afhu'thalﬁnhmm-que'.m : ;J}D.ﬂ]w&sluwad in, the

following results appeazed on the digplay screen.

ﬂUEl’J‘VlEm‘iWEﬂﬂi
QW']NT]?W?!WHQQH

---——.—,—_——.——.———————-—-——--——u-—-----—-q—nm- —— e ————— -

HOT STREAH SUPPLY TEMF. TARGET TEHP. HEAT CAPACITY
No. FLOWRATE
1 250.00 120.00 1.00

-



COLD-STREAM DATA

o —

COLD STREAHM SUPPLY TEMP. TARGET TEHP. HEAT CAPACITY
No. FLOWRATE
1 90.00 150.00 3.00
2 130.00 180.00 6.00
______________________________ AL .. - o o 5

INTERVAL  HOT — ST DEficIrs |\ CUMUDETIVE  HEAT FLOW
No. TEMPERAT =" It
250.00 | 70.00
; s W\S
200.00 Gy 120.00
2 DOt
80.00
3
.00
4
40.00
5
80.00

—— - — ———

E%E%E“i‘ﬁﬁfﬁﬂ?"ﬁ%fm&"ﬂ’?&%ﬁ‘%ﬁ r
- RABIDT RIHBAT BYAIE rerssansees

HIHIHUH HOT UTILITY REQUIREHENT 70.00 BTU/hr
HINIMUM COLD UTILITY REQUIREHENET 60.00 BTU/hr

Stop - Program terminated.

The results obtained using the present program agree exactly

with the results given in the original source.
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Example 2 :

Given : Figure 4.1 shows the given data.

Figure 4.1 : Data for Example 2

CP (kW™ C X 10-3)

2.285

Source : Linnhoff, B Process Integration

for the Efficient Use em, Warwick Printing

Co.,Ltd., England,

Original results :

L

Pinch Point Temperatures: i/ /! 148.00 °C

Hinimum Hot Utilaty Beguirement

Minimum Cold ur.i' , E J ki
W . A

B NN INYINg
ﬁ;ﬂwg@ﬂ =AM
Step 2 : Input data



INPUT THE FOLLOWING DATA

NO. OF HOT STREAHS =
3
NO. OF COLD STREAMS =
2

INPUT TEMPERATURES IN UNIT OF (oF) or (oC)

(&)

SUPPLY TEMPERATURE 1
267 .00 '

TARGET TEMPERATI f,;:-:-
BD Du - { R
“HEAT CAPACITY FLOWRATE (kW/oC)hd

0.204 |7

HOT STREQ No.
SUPPLY TEHPERATURE {uﬂ) =
343.00

ity ) v BN

HEATWAFACI TY FLDH}!&TE (kW .r’ oC) =

Wﬁﬂﬂiﬁ”ﬂﬁﬂﬂ&ﬂﬁﬂ

COLD-STREAM DATA :

COLD STREAHM No. 1
SUPPLY TEMPERATURE (oC)
16.00

TARGET TEMPERATURE (oC)
117.00

HEAT CAPACITY FLOWRATE (kW/oC) =

:
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COLD STREAM No. 2
SUPPLY TEHPERATURE (oC)
118.00

TARGET TEMPERATURE (oC)

285.00
HEAT CAPACITY FLOWRATE (kW/oC) =
1.961

HINIMUM TEMPERATURE DIFFERERCE (oC) =
10.00

following results

e . " — " — =

HOT STREAM HEAT CAPACITY
No. FLOWRATE
1 2.28
2 .20
3 .54

—— —— e i —— — o ———

—————--—-—-u--u-n e e e -

‘fff‘fff“‘ﬁ’]ﬁ@ﬁﬁﬁim‘ﬁﬁﬂ Anthees -

16.00 117.00
118.00 285.00 l.EB

" o S M M M M

MINIMUHK TEMPERATURE DIFFERENCE = 10.00
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RESULT

" — " i — i ——

INTERVAL  HOT - STREAM  DEFICIT CUHULATIVE HEAT FLOW

No. TEMPERATURE OUTPUT
______________________________ e e RO e B
343 .00 106.45
1 36.58
275 143.04
2 .20 .
267 131.865
3 .45
159. .00
4 41
128. 33.05
5 .38
127 36.07
8 .10
80 .4 113.55
7 | Y66
80. 129.11
8 .72
77 133.17
) 4 .87
26 z 85.58
-_-”----""""-'*----'-’--"""'." ———————————————————————
MINIMUM TEHPERATURE DIPFERENCE 3 10.00 oC
PINCH IS LOCA ‘{ T2 148.00 oC

158.00 oC

i
KK K KKK KKK umﬁﬁﬂﬁwgﬁ ﬁ oK K KA
MINIMUM H IDE 45 kW
MINIMUM COL® UTILITY REQUIREHEHET kW

smammﬂwwnwmaﬂ

PINCH IS LDC&TEE Y ff'

Again, the results obtained agreed exactly with those
reported in the original source.
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Example 3 :
Given : Table 4.2 shows the given data

_Table 4.2 : Data for Example 3

Stream Temperature 'C, | MC,. :::1""'"“:::

Supply | Target MW /T [W/CHm)]

F4
P
-
-
®

NEELE

w,

1| He
2 | Ho
3 | Hot
4 | Haol
5 | Cod
& | Coid
7 | Cold
8 | Colg
k] oid

R

Source : Tjaan N. Tjbe ah g Finch Technology for
-
Process Retrofit, pp.

1986.

: = ‘\'f H{ﬂraﬂ‘-ﬂill. mil 28:

Original results :
Pinch Point Tempe!
Minimum Hot ‘il T
Minimum Cold Utility Requirmnt 19.90 MW

j@_@umwsmwmm
= SaLNBANNAY

Step 2 : Input data
Input data to the displayed questions. See underlined characters.



INPUT THE FOLLOWING DATA

NO. OF HOT STREAHMS =
4

NO. OF COLD STREAMS =
2

INPUT TEMPERATURES 1L} OF (oF) or (oC)

HOT STRE& g
SUPPLY TEMEERS
327.00 ,
TARGET TEMPER
30.00
HEAT CAPACIT
.100

o

HOT STREAM N&. /i . -
SUPPLY TEMPERATURE (o
20.00 | 1
TARGET E
160.00 ¥

HEAT CA ?f"_____“““”
0.180 |

éiéi“?iﬁﬁszw 1103

Qﬁ%‘ﬁﬁ‘i‘tﬂw BRI

HDT STREAM No. 4

SUPPLY TEMPERATURE (oC)
160.00

TARGET TEMPERATURE (oC)

45.00
HEAT CAPACITY FLOWRATE (kW/oC) =
0.200

46



COLD-STREAM DATA :

COLD STREAM No. 1

SUPPLY TEMPERATURE (oC) =
100.00 .

“TARGET TEMPERATURE (oC) =

HEAT CAPACITY. FLOWRATS )
0.100 N\

n

COLD STREAM=HNe
SUPPLY TEH#
35.00
"TARGET
164 .00
HEAT C¢#
0.070
COLD STRE
SUPPLY THEMPER
80.00 ' Py
TARGET TEMPERATURE (¢
125.00
HEAT CAPACITY/BLOWRAT
0.175 37
COLD STRE '
SUPPL " M P AT R —me—

80.00 4 S
TARGET TEMPE

o ”l -
170.00 ' s
HEIT_CAFAE;IY FLOWRATE , (kW/0C) =
co

UM TNENS
B SRR DA Y

MINIMUM TEMPERATURE DIFFERENCE (oC) =
26,00

47
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Step 3 : Output of results
After the minimum temperature difference of 26.00 was keved in, the
following results appeared on the display screen.

i —

HEAT CAPACITY
FLOWRATE

e —

GET TEMP. HEAT CAPACITY
FLOWRATE

i —

q m Mﬂ"im“wﬁ Wﬁ*fa gjm
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T — o — — — —— — ————————————————— —— ——— —— — ——

INTERVAL  HOT - STREAM DEFICIT CUHULATIVE HEAT FLOW
No. TEMPERATURE QUTPUT

e T — . — -

w @ 3 W ot b W N =

T T
W W= O

14

—--------—--1—--1——--—-—1—-—-—-

MINIMUH T%uzﬂllg n&nﬂjﬂw EJ’] f]:j 26.00 oC

PINCH IS LOCATED AT CDL TEMPERATURE = 140.00 uC

ARTA TN Y

KKK KK K oK K KKK KKK ENERGY TARGET % ok ok ok ok ok ok sk K 5K oK 3K K K 3K K 3K o K % K

MINIMUM HOT UTILITY REQUIREMENT 23.50 kW
MINIHUH COLD UTILITY REQUIREHENET = 18.80 kW

Stop - Program terminated.

Again the sbove results agreed exactly with those given in
the original source.



4.5 Additional Examples of Application

To check the reliability and robustness of the present
program, ten more examples were solved in the same way as the previous
three. Table 4.3 summarizes the results of the additional examples
that were selected from nmrmf sources. Once again, the obtained

answers sgreed exactly with t rted.

Table 4.3 - # additional examples
' 4 Nd. OFETRE RESULT
ND.| PROBLEN ————t
- , ) ene. Jwor uraeryfeoun uriLTy
I Jasp1  |arcHes¥EL. 248N s 4\ 2, fin, =512 127.48 250.14
F.648,19 e 22
2 |1oses  [nrcke, vougdh uh ol A S ™ 8 NI seeat|  mses | a0
[P-651,1 W= '\ 3 uBt
3 |TEST CASE |CHEN.ENG.SF1. .sa”gj,z‘{ 2 VAT 5 107.50 50.00
No. 3 [NO.5,P7AGL908  —f t=170
3% COMPUT . CHE . ENG. :T-r%i - Th = 217 100,32 0.00
VOL.10,ND. z,asﬁ =4 = 22
o 4 o - :
5 |DESIGN A 110 enstacERinG | 3,00 160.00
APRI/28, 1986
i -»
& |DESIGN B |CHENICKL ENGINEERING | 3 3 | =g 14.50 391.38
APRIL. 28 J986 Tc=35
7 fens g H%ﬂﬂ h = 1 3,00 12.50
. 11 .2. Tt -
=3 "4
B Q2 157 14,00
= ‘W roirw o o 1] 118 | 6
9 COMPUT.CHE.ENG. P 309] & 1 =358 7.7 0.00
VOL.12,NO.4,1986, Te = 43
10 |PHD CONPUT . CHE  ENG. 2 2 =90 20.00 60.00
SOLUTION |VOL.12,NO.6, 1968 Te = 80
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