
CHAPTER I

IN T R O D U C T IO N

เก tw o -phase  flow , the co ex is tence  o f liqu id  and va p o r phases, w hose  ve loc ities  

are o b se rva b ly  d iffe ren t, m akes it very d ifficu lt to d e sc rib e  its h yd ro d yn a m ic  behavio r. 

The void  frac tion  d is tribu tio n  is a lso not necessarily  uniform  across  a channe l. 

Therefore, the re la tionsh ip  betw een the qua lity , the vo id  fraction , and  the vo lum e tric  

flow  frac tion  varies a c c o rd in g  to flow  pattern . The kinem atic  equa tio ns , such  as 

Z uber's , are d e ve lo p e d  fo r defin ing  these  re la tionsh ips be tw een flow  param ete rs , w ith 

vo id  pro files and  ve lo c ity  profiles as the  bas ic  sta rting  point. H ow ever, the vo id  and 

ve loc ity  p ro files are m ere ly  the m anifesta tion  o f the in teraction  tha t d e te rm ines  the flow  

structu re  be tw een the tw o-phases and the in te rfac ia l m om entum  transpo rt. If the 

e va p o ra tio n -co n d e n sa tio n  p rocess take p lace , w e add on the in te rfac ia l m ass and  heat 

transfe r as con tro llin g  p rocesses. Thus, the bas ic  underly ing  founda tions  fo r tw o -phase  

flow  are the set o f conserva tive  and constitu tive  equations. U nfortunate ly , the bas ic  set 

of equations is ra ther inconven ien t to use and researchers  have had to m ake 

s im p lify ing  assum ption s  that are som etim es controvers ia l. This is w h y  the m odel 

equations are still ve ry  lively sub jec ts  o f research .

D esign e ng ine e ring  prob lem s are qu ite  the opposite . E quations m ust be s im p le  

for des ign  purposes. Even k inem atic  equa tio ns  w ith  known vo id  p ro files  som etim es are 

too co m p lic a te d  to use. Thus, in m any cases, the des ig n  eng ineers  use the s im p lifie d  

equations w ith assum ptions  o f hom ogeneous, no slip, and frozen or e q u ilib riu m , etc.

Tw o-phase  flow  can be found  in all conden sers , evapo ra to rs  o r bo ile rs. It is a lso 

im portan t in a varie ty  o f o the r e q u ip m e n t and in p ipe lines. K now led ge  of tw o -phase  flow  

is im portan t in de te rm in in g  the pressure  losses in the units, in de te rm in in g  lim its such  

as the c ritica l flow  limit, and in fo rm ing  a bas is  fo r a num ber o f a sp e c ts  o f heat trans fe r
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co e ffic ie n t ca lcu la tio n . เท o rde r to ob ta in  a be tte r a p p re c ia tio n  o f the spec ia l 

con s id e ra tio n  invo lved  เท c ryo g e n ic  p ip in g  system  app lica tio n s , it is n e cessa ry  to 

rev iew  the b e h a v io r o f m ateria ls at c ryo g e n ic  tem p e ra tu re s  in c lu d in g  the p hys ica l and 

th e rm o d yn a m ic  p rope rties  o f c ryo g e n ic  flu ids. The p ip in g  used in c ry o g e n ic  system s 

obv ious ly  m ust m eet the structu ra l d em ands  im p o se d  by low  te m pera tu re  cond itio ns . 

From an e co n o m ic  po in t o f view, the therm al e ffic ie n cy  o f the p ip in g  system  m ust be 

ca re fu lly  co n s id e re d  s ince  the heat add ition  to the system  w ill o rd ina rily  resu lt in loss of 

p roduct.

O nly a ra ther sm all am ount of tw o-phase  p ressure  d ro p  data  is ava ilab le  for 

c ryo g e n ic  flu ids  c o m p a re d  to o ther nonm eta llic  flu ids. The tw o -phase  flow  o f c ry o g e n ic  

flu ids  is c o m p lic a te d  by the fac t that be ca u se  o f heat in filtra tion liqu id  is con tinuo us ly  

be ing  va p o rize d . W hen a p ip ing  system  is be in g  d e s ig n e d , an initial p ipe  size  and 

insulation type  m ust be se lec ted  be fo re  the p ip in g  con figu ra tion  is d e ve lo p e d . 

H ow ever, a fte r the p ip ing  system  is deve lo p e d , the p ip e  size  se lec tion  is fina lized  by 

ca lcu la tin g  the pressure  d ro p  based  on the actua l p ip in g  con fig u ra tio n  and  insu la tion  

se lection  and  co m p a rin g  it to the pressure  head ava ilab le .

C ryo g e n ic  p ip ing  system  des ign  is one o f the routine w ork  tha t co m p u te r 

p ro g ra m m e  can  assist to find  the su itab le  so lu tion  o f p ipe  size and p ressu re  d rop . 

D iffe rent vers ions o f the bas ic  p ressure  d ro p  p ro g ram m es are used to ca lcu la te  the 

liqu id , gas or tw o-phase  pressure  d ro p  th rough  p ipe lin es  and fittin g s  such  as the 

PDROP2-4 p ro g ra m m e  o f BOC Process Plants. N everthe less, th is so ftw are  is 

d e ve lo p e d  by fo re ign  en te rp rises or researchers , w h ich  can not c o n s id e r the e ffe c t of 

heat trans fe r th rough  p ipe  insulation to the d ryness  fraction  and  on ly  horizonta l p ipe line  

can a p p ly  to. It requ ires m any c ryo g e n ic  p ro p e rtie s  da ta  that m ay be p ro v id e d  from  

ou ts ide  p re d ic tio n  o f s im p lify  m athem atica l e qua tio ns  w h ich  m ay cause  a la rge  e rro r เท 

the even o f the user not be ing  fam ilia r w ith the bas is  of c ry o g e n ic  p ro ce ss  and 

the rm odyna m ics . This softw are  m ust be run u n d e r DOS only. There is the prin t func tion  

bu t can not save the ca lcu la te d  result as a file.
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As the abo ve  reason, the new  vers ion o f c ry o g e n ic  p ip in g  system s sim ula tion  

p rog ram m e is d e ve lo p e d  to reduce  the lim ita tions and to increase  the d a ta b a se  

m anagem e n t system  by using p rocedura l langua ge  and O b je c t O rien ted  P rogram m ing 

(OOP) te ch n iq u e  w h ich  provide  G raph ica l U ser In te rface  (GUI) that runs unde r 

W indow s 95 w ill necessarily  present the user w ith a w in dow s-s ty le  in te rface  to link w ith  

o ther p ro g ra m m e s flex ib ly .

1.1 O b jectives

The ob je c tive s  o f this w orks are as fo llow s:

1. To d e ve lo p  a com pu te r p rog ram m e fo r ca lcu la tin g  the va lue  o f pa ram ete rs  

nece ssa ry  fo r c ryogen ic  p ip in g  system s sim ula tion .

2. To bu ild  up  a da tabase  m anagem e n t system  for su p p o rtin g  the  c ry o g e n ic  

p ip in g  system s sim ulation.

1.2 Scope o f W ork

D esign  o f p ip ing  system  in this w ork is s p e c ific  to the b a s ic  des ign , w h ich  is in 

resp o n s ib ility  o f p rocess  eng ineer. The des ign  co m p rise s  se lec tion  and s iz ing  the 

p ip ing  system . The se lection  inc ludes the a p p ro p ria te  ch o o s in g  o f p ipe  m ateria l and  its 

insulation fo r a d e q u a c y  of sa fe ty  and type o f c ryo g e n ic  flu ids. The s iz ing  is p ip e  size  

se lection  tha t m eets the des ign  cond itio ns  o f requ ired  pressure  d rop , flow  rate and 

p ipe  con fig u ra tio n  (H orizontal, V ertica l and Inclination) w ith  m in im um  vaporiza tion .

This softw are  is used fo r estim ating  p ressure  d ro p  and size o f the p ip e lin e  for 

both s ing le  and two phase flow s. The p ro g ram m e also inc lude s  the d a ta b a se  

m anageria l part, w h ich  co llec ts  data  of c ryo g e n ic  flu ids  p rope rties , p rope rties  o f p ipe  

m aterial and fittings  used in c ryo g e n ic  p ipe line  and  sa fe ty  requ irem en ts . This d a ta b a se  

m anageria l part is used to sup p o rt the opera tion  o f m ain p rog ram m e. Furtherm ore, the
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d a ta b a se  o f this p rog ram m e can be a d d e d  fo r d e ve lo p in g  and im prov ing  its ab ility , as 

user requ ired .

The c ry o g e n ic  p ip in g  system s sim ula tion  p ro g ram m e w as tes ted  its re liab ility  

and p e rfo rm a n ce  by com parison  w ith the da ta  from  real industria l s ituation  and the 

ca lcu la te d  results o f o ther program m es.
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