
CHAPTER IV

P R O G R A M M E  D E V E L O P M E N T

4.1 O verv iew  Inform ation

The p ro g ra m m e  is w ritten in c +* langua ge  and can be run on IBM persona l 

co m p u te r or IBM c o m p a tib le s  w ith co lo u r m onitors unde r M icroso ft W indow s 95 o r later. 

The 486 DX2 w ith  8M B RAM is re co m m e n d e d  fo r runn ing  th is p rog ram m e. The 

a p p lica tio n  p ro g ra m m e  is s to red  in its co m p lie d  form  as “CRYO SIM .EXE” , w h ich  is not a 

s tand-a lone  exe cu ta b le  m odu le  b e ca u se  it can  link to the o ther so ftw are  such  as 

G ASPAK, ALLPRO PS and C AL95. F igure 4.1 p resen ts  the  m ain w in d o w  o f d e ve lo p e d  

p rogram m e.

Figure 4.1 The m ain w in d o w  o f C ryoSim

The c ryo g e n ic  p ip in g  s im u la tion  p ro g ram m e d isp la ye d  in th is w o rk  is a W indow s 

a p p lica tio n  cons is ting  o f fou r parts  as fo llow s,
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4.1.1 U nit convers ion  and ca lcu la to r

The d e ve lo p e d  p rogram m e p rov ides  q u ic k  convers ion  of som e e ng ine e ring  

units. By se le c tin g  the initial and final units from  list and  en tering  the initial num erica l 

va lue, the convers ion  ca lcu la tion  can be m ade. Som e o f convers ions  are ava ilab le  under 

the ca te g o rie s  of pressure , tem pera ture , dens ity , v iscos ity , and flow  rate. W henever a 

sp e c ific  convers ion  is requ ired , se lec t the unit convers ion  in tools m enu o r C A L95  bu tton 

to load the conve rs ion  ca lcu la to r. เท add ition , this p ro g ram m e p ro v id e s  the bes t link to 

c a lcu la to r o f W indow s. W henever a ca lcu la to r is requ ired , se le c t the bu tton  o f C A L95 or 

W indow s' c a lcu la to r to load the sp e c ific  ca lcu la to r.

4 .1.2 Se lection  o f the rm odyna m ic  and  tran sp o rt p rope rties  p re d ic tio n  softw are

U ser can  se lec t the the rm o d yn a m ic  and  tran sp o rt p ro pe rties  p re d ic tio n  

p rog ram m es in the c ryo d a ta  m enu. The estim ated  results from  gas e n c y c lo p a e d ia  can 

co m p a re  w ith  the p re d ic te d  results of se le c te d  softw are. ALLPR O PS is the 

th e rm o d yn a m ic  p rope rties  p a cka g e  softw are  d e ve lo p e d  by  the C en te r fo r A p p lie d  

T he rm odynam ic  S tud ies, U n ivers ity  o f Idaho. The o ther p ro g ra m m e  is G ASPAK, w h ich  is 

an in teg ra te d  p a cka g e  o f the the rm o d yn a m ic  equa tions fo r p rope rties  o f flu ids. The 

equa tio ns  are va lid  from  the trip le  po in t and m elting  po in t th rough  the c o m p re s s e d  liqu id  

and the liq u id -va p o r m ixture  reg ion  to well above  room  tem pera tu re . เท p ressure , they 

are va lid  up to the m elting  line or several hund red  a tm ospheres. The d e ve lo p e rs  are 

R.D. M cC arty, V. A rp , and J.R. Fox.

4.1.3 Gas e n cyc lo p a e d ia  d a taba se  m anageria l part

This part co llec ts  da ta  o f se le c te d  c ryo g e n ic  flu ids  p rope rties , w h ich  is used to 

su p p o rt the opera tion  o f m ain d e ve lo p e d  p rogram m e. There are fo u r w in d o w s in this 

part as show n in figu re  4.2.
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Two w in d o w s show  the d a taba se  in ta b u la r form  w h ich  one o f them  use as a 

main w in d o w  fo r open in g , c los ing , a d d in g  and rem oving  o f requ ired  flu id  and  ano the r 

w in d o w  is used  fo r co lle c tin g  m onograph  o f flu id  p roperties .

They have one w indow  that show s the in form ation  o f se le c te d  flu id  in tex t form , 

w h ich  can be used as a w ord  pad to d e sc rib e  flu id  ch a ra c te ris tic  and  p ro pe rties  in term  

o f sa fe ty  c o n ce rn  as w ritten  in ch a p te r III.

The ano the r w in d o w  is used to estim ate  the se lec ted  p ro p e rty  o f flu id  tha t show n 

in the w in d o w  o f Gas E ncyc loped ia -T ab le . This w in d o w  can  be loaded  by se lec ting  

ca lcu la tio n  in v iew  m enu.

เท the G as E ncyc lope d ia -T ab le  w indow , user can a d d  and rem ove the p ro p e rty  

tab le  or va lue  เท the tab le  from  the d is p la y  by using the bu tton  un d e r m enu system .

Figure 4.2 Gas encyclopedia database managerial part
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4.1.4 D eve loped  p rogram m e

W hen use r se lec t new or open bu tton  เท m ain w indow , the d e ve lo p e d  

p rog ram m e is loaded  au tom atica lly  and ready fo r m aking  new  .CSM file  w ith p a rticu la r 

inpu t cond itio ns  or ch a n g in g  the input data  in the ex is ting  .CSM file. It is m ost im portan t 

fo r d e s ig n e r to sp e n d  su ffic ien t tim e fo r ske tch ing  the p ro p o se d  insta lla tion  to c h e ck  all 

re levant de ta ils  o f con figu ra tion , p ipe  p roperties  and  fittings. Therefore, this p rogram m e 

prov ides  g ra p h ica l user in te rface  for ske tch ing  the p ro p o se d  p ip in g  system  in w in d o w  of 

D raw  Pipe. เท add itio n , user can use the p ipe  p ro p e rtie s  w in d o w  to en te r n um ber of 

fitting  and va lve, p ipe  length and to se lec t m ateria l and  size o f p ipe  and insulation type  

be fore  runn ing  p rogram m e.

เท PDROP w indow , user has to sp e c ify  the ca lcu la tio n  m ode, nam e and state of 

flu id , upstream  pressure  and tem pera ture , am b ie n t tem pera tu re  and  vo lum e flow  rate. 

This p ro g ra m m e  separa tes into two sta tes one fo r gas p ip ing  system  and the ano the r 

one fo r tw o -phase  flow  o f cryogen . There are th ree  ca lcu la tio n  m odes in s ing le -ph ase  

flow  those are p ressure  d rop , d iam ete r and  length , w h ich  are c a lcu la te d  by  using 

equation  (3-74). For tw o-phase  flow, there are on ly  tw o ca lcu la tio n  m odes. The first 

m ode is ca lcu la tio n  of p ressure  d rop  by  co n s id e rin g  the e ffe c t o f p ip e  con fig u ra tio n  and 

heat in leak th rough  insulation from  am bien t air. The heat transfe r rate o f tw o -phase  flow  

is de te rm in e d  from  equation  (3-23), (3-26) and  (3-27) fo r un insu la ted , po rous-insu la ted  

and va cu um -insu la ted  p ipe , respective ly . The ano the r ca lcu la tio n  m ode  is ca lcu la tio n  of 

d iam e te r via  co n s id e rin g  com m erc ia l p ipe  size  tha t co ve rs  requ ired  pressure  drop . 

F igure 4.3 d isp la ys  PDROP w indow s o f d e ve lo p e d  p rog ram m e. W indow s o f D raw  Pipe 

and P ipe P roperties are show n in F igure 4.4 and 4.5.

Before runn ing this p rogram m e, it is re co m m e n d e d  to ch e ck  the inpu t da ta  from  

w indow  o f P ipe Sum m ary p resen ted  by  c lick in g  the  ca lcu la te  button as show n figu re  4.6. 

H ow ever, the input da ta  can be ch a n g e d  by  se le c tin g  the cance l bu tton  and entering  

new data  in the d ia log  o f the da ta  w h ich  user w an ts  to change . The ca lcu la tio n  reports  

of d e ve lo p e d  p rog ram m e are illustra ted in figu re  4.7 and  4.8 fo r tw o -phase  flow  and gas 

p ip ing  system , respective ly .
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Figure 4.3 D isp lay  o f PDROP w in d o w

Figure 4.4 Display of Draw Pipe window



48

Figure 4.5 D isp lay  o f Pipe P roperties w in d o w

Figure 4.6 Display of Pipe Summary window
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$  Calculation Report

= » r
liquid enthalpy(Kcal/kg) -2.72554E+1 

liquid thermal conductivky(พ ่เท .k] |l.30203E-1

Pipe length 1 2 3
From node 1 2 3

' ไ ร 2 3 4
Volume flow ratefN๓^3/๓1 2299130000 2299.130000 2299.13000(
Internal Dbe diameterfml 0.027000 0.027000 0027000
tefflthfm) 1.500000 4.000000 4.000000
Pressure dr00 due to frictionfmbafl 1.04214E+1 2.94G57E+1 3 10779E+1
< r  1 m M ï m z x s x m  11

^ 1
ir

Figure 4.7 Calculation report for two-phase flow calculation
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$  Calculation Repoit
- น . . ,  .. .  น ุ, ร ฺ- น f ' M H î i i $Reference Tile Calculation motte Ptessue drop targetlmbar) Upstream presstiefbara) Upstream temperatuie{K) Gas specific gravity(G, atr=1)CompressMty factor(Z)

‘ i ‘พฺ.-*รร.,, ;

ริ!Ô£E3

Pipe lenqth 1 2 3 AFrwnnode 1 2 3to node 2 3 4Internal obe diameterlml 0.329811 0.329811 0.329811lenqthfm) 4000.000000 10.000000 3000.00000I>Upstream DtessurefPl.psial 232.252559 231.964669 231.963948f ■elevation cfference over seamentfm) 0 10.000000 0 ไ'vÿi'KS=GH7f26.647T21 0 2.15270E-3 0 illdevatbn correction factor 1.000000 1.002155 1.000000 ไ;ร!effective lenqthf miles] 2.485484 6.22040E-3 1.864113 ilVolume ftaw ratefNm̂37hrl 5000.000000 5000.000000 5000.00000I 1Mass flow rate(M.ko/s)<1 ..Z_______________ 1.723861J 1.723861 1.723861±lz lm O »  แ บ พ  l O l C J m J M J / s i

Requied Diameterfn) ISteel, 14 inch, Std SliïliR

1 1.7238G1 1 723861 z lf ไ
' -  '• ' น ™ " ‘ Æ.s*... I

Figure 4.8 Calculation report for gas piping system calculation
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4.2 C a lcu la tion  P rocedure

All va riab les  have been de fin e d  as zero  w hen p ip ing  system  co n fig u ra tio n  is 

sp e c ifie d  by user. The ca lcu la tion  p ro c e d u re  o f p ressu re  d ro p  estim ation  is base d  on 

equa tion  (3-30) and  (3-74) fo r tw o-phase  flow  and gas p ip in g  system , respective ly .

For tw o phase  flow , the en te red  inlet p ressu re  is used as sa tu ra ted  p ressu re  to 

de te rm ine  sa tu ra ted  tem pera tu re  and  c o n ce rn e d  p rope rties  from  liq u id -g a s  equ ilib rium  

m onograp h  in d a ta b a se  of se lec ted  flu id . These p ro pe rties  are used fo r fin d in g  the heat 

in leak from  g iven  flow  rate and sp e c ifie d  insu la tion  type.

The es tim a ted  heat in leak is used to de te rm ine  exit gas q u a lity  fo r each  p ip e  

length by  using  equation  (3-29) p lus in le t gas qu a lity  o f tha t p ipe  length . The exit gas 

qua lity  o f p rev ious  p ipe  length is the in le t gas qu a lity  o f next p ipe  length . The in le t gas 

q u a lity  o f firs t p ip e  length  is zero.

The next s tep  is iden tifica tion  o f p ip e  d ire c tio n  to de te rm ine  the ang le  o f p ip e  to 

horizonta l fo r use to ob ta in ing  the p ressu re  ch a n g e  due  to g rav ity  o f equa tion  (3-32). The 

g rav ita tiona l co m p o n e n ts  o f p ressure  d ro p  fo r horizonta l p ipe  is zero. The o the r p ressure  

d rop  such  as fric tiona l pressure  d ro p  is co n s id e re d  in term  o f tw o-phase  m u ltip lie r that 

does not e xp lic itly  c o n s id e r the flow  pa tte rn  by  using  equation  (3-57). The pressure  

ch a n g e  due  to ch a n g e  in m om entum  flux is p o n d e re d  on the lockhart-M artine lli 

pa ram ete r by im p lem ent o f in let and  exit gas q u a lity  as de fin e d  in equa tion  (3-62).

The p ressu re  d ro p  due to the fittings  and va lve  are ca lcu la te d  by  using  equa tion  

(3-71) w ith p re d ic te d  head loss from  the tw o K m ethod.

The sum m ation  o f all p ressure  losses in equa tio n  (3-30) is the total p ressu re  d ro p  

of that p ipe  length . W hen the ca lcu la tio n  m ode  is ch a n g e  to be d iam eter, the p ressu re  

d rop  sum m ation  o f that p ip ing  system  is used to co m p a re  w ith  ta rg e t p ressure  d ro p  to 

de te rm ine  the su itab le  d iam e te r that cove rs  requ ired  pressure  d rop . The d iffe re n t o f 

ta rge t p ressure  d ro p  and ca lcu la te d  p ressure  d ro p  shou ld  be less than 1% o f ta rg e t 

pressure  d ro p  by va ry ing  d iam ete r from  the firs t size in tab le  o f that se le c te d  s ch e d u le  to 

the p ro p e r d iam eter.
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For gas p ip in g  system , the en tered  inlet p ressure  and  tem p e ra tu re  are used to 

find  dens ity , v isco s ity  and com press ib ility  fa c to r from  m o n ograp h  o f those  properties . 

The c a lcu la te d  p ressu re  d ro p  from  equation  (3-74) is total p ressu re  d ro p  o f p ipe line  

only. This p ressu re  d ro p  inc lud ing  w ith the pressure  d ro p  due  to fitting  and  va lve  is total 

p ressure  d ro p  o f that p ipe  length. D ow nstream  pressure  o f each  p ip e  length  is the 

d iffe ren t o f upstream  pressure  and total p ressure  d ro p  o f system . The upstream  

pressure  o f next p ip e  length  is dow nstream  pressure  o f p rev ious length . The pressure  

drop  due to fitting  and  va lve  are p resented  by the sam e m odu le  tha t used  in tw o-phase  

flow ca lcu la tio n .

W hen the ca lcu la tio n  m ode is ch a n g e d  to be d iam ete r, the p ro p e r d ia m e te r that 

shou ld  be the answ er is de te rm ined  by the sam e ca te g o rie s  as above . For the 

ca lcu la tio n  m ode o f length , p ipe  d iam ete r and requ ired  p ressu re  d ro p  o f each  p ipe  

length are g iven  by  user. Therefore, equation  (3-74) can  use to p re d ic t the su itab le  

length o f tha t p ipe. The flow  charts  o f this p rog ram m e are su m m arized  เท a p p e n d ix  E.
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