Chapter 4

Description of the Development

The development activity started with an optimum

piping design metl : Oe.E 2 dynamic programming
technique. method, calculation
algorithm was knguaes) iptregdueed what data necessary to
be used. To the design data was
modelled as base model. After

that, the POET

\\\\\ develop the model to
a piping datahds 5;1 \\ r@gram was written by
Visual C++ and i 44 Wil tk atabase by including
manipulation langu -

Although vazic design methods have been

X J
problem, the da _ g¥mefbod is convenient to

proposed to iﬁ---r---—---------~-‘-—-*—- s optimal design

¥
develop a prugrgm because ' can solve complex network

s sirsfif HotrE TP —

this chapt presents the metho of npt1muwp1p1ng design
deve@ﬁmﬂimaa%qq %H’a‘a Hd describes
the ubject -oriented database model of piping data. At
last, this chapter describes how to develop the program

using POET and C++.
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4.1 i iping D

To develop an optimum piping design method that
using dynamic programming technique, a basic structure
for the design problem is developed and constructed as

shown in Figure 4.1. From the figure, at ith component

of system, the differen

indexed by 7.

a) M
The objecti ] i{ ' gptimum piping problem
is represented j £ i jen by referring to Eq.
2:22. A
comp -~ omponent
i Lk 11
]
) = * *
=:-: n * *
=01, i|m. i g p1,i-1|D1,i-1|F1,i-1
] * *
D2, ,i-1|p2,i-1|F2,i-1
' * *
D3,1 | B : D3,i-1|D3,i-1|F3,i-1
o .
Veyaie :
FG, i luGia.DGilFG,i-l
Q w optimfzar:icn digection
Figure 4.1: Searching optimal desig‘n diagram.
Hence,

cost = minZCtj,i = min{Ctjfi} (2.22)

where
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Ctj,i = total annual cost of the jth diameter of the

ith component.
The recurrence formula for additive function can be
expressed in equation form by referring to Eg. 2.25.

F} ;= min{ces i + Flf'_l} (2.25)

From figure 4.1 ¥ery jdiameter of ith  component

so the best choice is

also the same diaMELEL F*;_q1 in Eq. 2.25

Therefore, thegfsifsl/EcTeckiony, 68y ith component is
independent of This method, each

component itsel: Gined\to find its optimum
diameter.
The optimum data is built from

analyzing total capitglisnd | ing cost.

X

|l
m
ccst of a comp-::-nen

a) -!i_iH:

The caplta increases directly

with diamﬁwwxﬁ‘ﬂwi}ﬁ}n?edule and other

component Qbec1f1cat10ns The baslc cost conSLSts of two
e RN NEAA Y ™
purcha ed cost may be obtained from price lists and the
installed cost can be often calculated by using a
fraction of purchased coét. Moreover, the capital cost
can be included some additional costs such as cost of
insulation, painting, tracing, hangers, pipeways, etc.

However, more details or accuracy would consume amount of
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time for calculations. The cost can be represented as

Pej = Cj for valves and fittings; (4.1)
Poj = Cjly for pipes; (4.2)
in which

Pcj = cost of the jth diamemter;

Cj = purchased, i

costs of the jEth
length of pipe;
15 = pipe leg
At the end
jth  diameter

original cost.
(4.3)

in which
Fg4 = alvage (oo TFT jth diameter;
J 5?’A£ih
s =aft ;;-._“________“_____“”" 4
\7 Y )
From time~ ¥a gudtion can be form
] I.,.

Fll 1] i1

(1 + r)'€ A

nee AUHINENTNEINS
ﬁﬁ’@ﬁlﬁ?uumfmmaﬂ

annual interest, as fractional rate per year;

l¢ = number of years.

To determine present value of the jtPB salvage, the

term F in Eq. 4.4 can be replaced by Fgj from Eq. 4.3.

Therefore,
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st

Psj = EI:T;EEE- (4.5)
in which

Psj = present cost, the value now of the jth
salvage;

1f project life

The total ‘ capi st he jtB diameter, Rj is
equal to subtract™ethe -_ the diameter cost.
Hence, w T

Rj = Boj NN (4.6)

From : value (A) can be

determined in
rp(1
(4.7)

eplaced by B from Eq.

4.6. Hence, is to be determined from

el ﬂﬂﬁlﬁﬁﬂﬁﬂﬂﬁﬂ?mmr —
amaqmmumwmaa

Work is equal to the product of force and distance.

In equation form,

Work = Force x Distance (4.9)
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The work delivered to £fluid is calculated from
weight (W) of fluid and the total head (H) developed by
pump. It is defined by

Work = WH (4.10)

Weight of fluid is equal to product of its mass (m)

;i,

and the acceleration o In equation form,

W = mg (4.11)
Power is the™fatcof 1 ornmnq::hequatlon form,
"

Power = (4.12)

The term _# 43 nay | o eplaced by mg from
Eq. 4.11

Power = {(4.13)

Mass is equ ‘3?;_2 : \ its density (p) and
volume (V).

anumetxﬁﬁu .Ei" of fluid passing

ation form,

at a particula«]-o In

AF

(4.15)

Fmﬁgﬁm DUNIHEANT o 0.5 can e
E“rﬁﬁiaqnimuwﬁawﬂwaa

where
P = pumping power
p = fluid density
Q = flowrate
H = pumping head
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An electrical or other external source power

providing' to fluid power, may be defined as pumping

power. In equation form

p = P9OE (4.17)

E

in which

E = iong e 'Qig“trnm electrical or other
: f:“-ii

The annual given by

Cep = (4.18)
where

Cep = ;

Ce = cost exr-hour;

T = annual

The term P in ;1:"2{- f*be replaced itself by Eq.
4.17. Hence, - | |

= ;_'——F' (4.19)

Piping system may be solved b #?ncluding additional

QRN i Vi g
SO AT -

1 P2 o
Pl + 23 +he = — +-zg  x (4.20)
P9 29 Pg 29 th
where
pp and p; = pressure at points 1 and 2,

respectively;
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vy and v = velocity at points 1 and 2,
respectively;

zy and 2z = elevation of points 1 and 2,
respectively, above a reference datum;

he = energy head added to a piping system;

hg = head loss;

The headlosswadmmat i - is taken over all

he = £ — & 3 | N\ (4.21)

where
b
1 ipe length — g
pipe SeNg- e
D = insidse y
v = velo A

1
il i
1 )

Total hedt is the sum of pr-”:ure head, velocity

e s g7 mmﬁwmﬂ: e 2o
““ﬁ"ﬂ'ﬂ:ﬁ\mmumwmaﬂ

Hence, pump head may be rearranged to give
= (Hqg - Hs) + 2 he (4.24)
n.l
From Eq. 4.17, power can be equal to pgQH. Then the

pumping power can be expressed as
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Poump = {PdQ'Qde - PsQ’QsHs) 7+ Zpg‘th (4.25)
nl

The sum of pgQhs is taken over all power of piping
components between pump station and discharge point.

Therefore, power supplied to move fluid through the jth

Pj = pj9QiH; \ . (4.26)

The pumping : '

Cej = CeT : (4.27)
where

Py = fluid

Q5 = fluid -4 diameter;
Hj = total ] cfthe "SRl dlameter.
AT
Therefore, Zhpual pumping cost of pipe can be

expressed in [C8
L7

i |-E"
e -
B = - 1l (4.28)

., LUEANENINYINS
mugﬂﬁ:] ﬁiﬂfgpﬂﬁ ﬁ(iﬁﬂcﬁ'ﬁﬁﬂﬂ the sum of

ost of pump
which can be expressed as

Csys = Ct, pump * Ce,pump + Z Ctj (4.29)

where
Ct, pump = annual capital cost of pump;

Ce,pump = annual pumping cost of pump due to head

different between pump head and friction head;



47

Cej = annual total cost of piping component which

equals to sum of Cpj and Cej.

4.2 ip3 Da

A program using 4 base is an effective system

because it can call.s se and reads/writes the

desired data directly. 2 illustrates program

and database iry

i

ﬂﬂ
Figure 4 interface.

To develop, e olsr 1 pgram functions and

database have to dfsifmfcor:

¥

This prngﬁn an | ‘:;;- the actual design.
The first step gof common tual design is the piping

R TE IO (T Y S

to the source Piping gomponentsg such as pes, elbows,
ceos AR SR URAINY VA oo
terms of material, schedule and other description data.
After that, demanded flowrate is defined at end of each
branch and commercial pipes, valves and fittings are
prepared for selection. Cost analysis calculation data
such as annual interest, project life, operation hour,

power cost and '‘pump efficiency are specified.
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The developed program formed steps of the actual
design into four functions.
e Process Configuration

« Pipe, Valve and Fitting Data

r/&: inlet component,
-_

minimum reguired

e Specification

« Calculation
Data such

outlet compones

RN
W
N\
>
properties and coSt ¥ ysis@ata were specified by the

pressure, elevs process diagram was

directed by ofsf £énis nction.  Candidate

o

1]

fitting data was

L]
= 1

A
" ;

of pipe, wvalve and

fitting data. d , data such as fluid

function of specifiéation.” e optimum solution was

. e S — Y

calculated ;#,— z

These prﬁra

retrieve requiregd data amonggthem Dy using database. The

— UUY ﬂ%@ﬂ%ﬂﬂ IR

Fi re43

a‘m ﬁNﬂ‘iﬁU UANAINYA Y

422 Ban;ng_v_amhm_ueﬂﬁl.;

A piping system has many piping components. From

Jren'ahle to store or

object-oriented database model technique (presented in
Sec. 3.1.4), piping model can be shown in Figure. 4.4a.
Member of the Piping System object class is a set of

piping components and the pieces of piping components are
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distinguished by number. The piping component may be a

piece of pipe, elbow, tee, valve or reducer.

Process Configuration

Specification

Calculation

tions and database.

The stores general

information for ¢1 s a name, annual interest,

project 1ﬂ eld ﬂe%%ﬂ ﬁQ@ Yoitr) Eds8 ana pumpsariver

EfflCLEnEy as shown in Figure 4.4D
QM?&M@M%@%&H bl senecns
infnrmatlon (Figure 4.4c). Pipe, elbow, tee, valve, and
reducer object classes store specific information (Figure
4,44-h) . The general information is component number,
inlet stream number, outlet stream number-1, outlet
stream number-2, fluid density, fluid viscosity, fluid

flowrate, pumping cost, total cost.



Fig. 4.4b

Fig. 4.4d-h

Pipe

Piping System

piping component number

AFM
.../.Vl“
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Reducer

"'" I/I g?\\W\

outlet stream number-2

fluid density
fluid viscosity
fluid flowrate
pumping cost
total cost

Figure 4.4c: Piping model.



Pipe

material
joint
schedule
NPS

cost

Figure 4.4f: Piping model.
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Valve

material
joint

type
NES

%close
k
cost

The spe¢i Modelled to support

i | N
commercial pip@l valve™and ng @&ta that prepared as

HRTIENINGINS
WARINTUUNININY

1) Material. Pipe materials can be divided into two

choices fﬁ ﬁtiﬁnﬁ selectiofid The data can be described
as follows:
4

main classes, metal and non-metal. The metal materials
are cast, malleable, and high silicon irons; carbon steel
and low- and intermediate-alloy steels; high-alloy
(stainless) steels; mnickel and nickel-base alloys;

aluminium and aluminium alloys; Copper and copper alloys;
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and etc. The non-metals are thermoplastics, reinforced
thermosetting resin, asbestos cement, etc.

2) Joint. There are several joint techniques but
only three kinds of joints are commonly used: threaded

joints, welded joints and flanged joints.

The American Standards
ions for wall thickness
by schedule nug unction of internal
pressure and schedule numbers are
in used: 10, 120, 140, and 160

g0, and 160 are stock

'\\ h size.
\\r\ )iping is specified in

iameter that related to

but only sche
items for steel

4) Nominal
terms of a nominal
an outside diameter.= of the schedule number or
wall thickn ze of steel pipe
ranges from 1-: te

5) Inside p:ameter Hbmlnal pipe size 1is neither

the actuﬂ H{’lq %ﬁ@w :&hﬁ‘sﬂfj but the nominal

pipe size f large PlRF is clnse to the ctual outside

aiamsgeld] | N T T T um'mma d

) Roughness (g). 1In turbulent flow, a rough pipe
leads to larger friction head than a smooth pipe.
Roughness depends on the kind of material and its

condition.

7} Cost. The cost is the capital cost, Cj having

unit in cost per length of pipe.
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Elbow Data.
1) Material.

2) Joint.

o

3} Type. There a several types of elbow: 45

regular, 45° long

etc.

It is convenient to
use the resis of obddticier jetermine friction loss
from valve&fitg \

6) Cost. G i and f£itt the capital cost,

C‘j has unit in cge

1) Mate ""'

2) Joint. [

il

3) NPS.

9 ﬂxuﬂél%&ﬂ SN

5) CDE

’QW'lMﬂ‘ifuﬁmemaﬂ

zalm_p_am

1) Material.

2) Joint.

3) Type. There are several types of wvalve: gate,
globe, angle, etc.

4) NPS.
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5) #close. The percentage of valve may be O0(open
fully), 28, 50, 75, etc.
6) Resistance Coefficient (k).

7) Cost.

Reducer Data.

1) Material . =
2) Joint. l
3) Type. of reducer such as
concentric, e
4) Small
5) Large N,
6) Resistan
7) Cost.
Therefore, thel@asye or e ogram was designed and
used data fo h:i:;.ﬁ“m--m“rn—.f‘
] U]
4.2.3 wggmumwhaﬂh
secofihd £12) VhB) PG| (ARG moser. sioins

database Jgs developed py using ET Relea 2.0, object-
orleﬂm QMH ?:m#w(}’a w H q;arﬂlcn. There
were commercial object-oriented databases such as
ORION (ITASCA) of Advanced Computer Technology, GEMSTONE
of Servio, Inc., ONTOS of Ontons, Inc., ObjectStore of

Object Design, 1Inc., and VERSANT of Versant Object

Technology Corp.
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(Specification | (Process Configuration |
F 3

Piping System

(calculation] 7  piping ccmponent number

Pipe /ﬂﬂt \““‘*’ '

Reducer
= l\\"& \
/ﬁ ;\\
Figure 4.8: a \ rogram process
sfid-data wodel .
—r{?'- J"“J'r
HDW'EVEI-, {}- -—JUJL--——r"::T_:::-;::;;.."J'! cause 1'; not nnly

oA

provided fac:l.lﬂ: fented database but it

E
was also scalah}e across var:.cms platforms, i.e., DOS,

wrses, (LT RN WBARG. mr oo

Edition Windows was used to devel the piping
dataﬁwq abgﬂitglu }&ﬁ q%ﬂt&lﬁr}\'ﬁ:ﬁsoft Visual
C++ 1.0, the piping program was develop by using C++.

To create the piping database, classes of the piping
model were written in *.hcd file like C++ classes. The
POET executed the *.hed file and then built a piping
database with files, *.hxx and *.cxx, for managing the

database. After that, the piping program files were
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written and linked with the piping database by including
the *.hxx and *.cxx. Finally, the Visual C++ built all
piping program files to a piping program that was able to

manage piping data.

AULINENINYINS
ARIANTAUUNINGIAY



	Chapter 4 Description of the Development
	4.1 Development of Optimum Piping Design Method
	4.2 Development of Database Model


