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The numer i ca l  solution of a s y s t em  of equations of one-dimensional  i so the rmaI  movement  of an ideal  
gas in a pipe with per iod ic  va r ia t ion  in the s t r e a m  veloci ty  a t  the boundary is  compa red  with the analyt ieaI  
solution of the l i n e a r i z e d p r o b l e m .  The regions  of var ia t ion  in the p a r a m e t e r s  in which l i nea r i za t ionprov ides  
s a t i s f ac to ry  a g r e e m e n t  a r e  dist inguished.  The resu l t s  obtained can be used in the analys is  and modeling of 
pulsat ing gas m ovem en t  in the pipeIines of piston c o m p r e s s o r s  [1]. 

The calculat ion of the one-d imens iona l  i so the rma l  movemen t  of an ideal gas in a horizontal  cyl in-  
dr ica l  pipe comes  down to the solution of a sy s t em of quas i l inea r  hyperbol ic  equations [2] 

oP o 
- - - f i g  + ~x ( p w )  = o 

OP 0 
- - ~ ( P W )  -~ C 2 ~ ~ -~x (PW'Z) -~- ~ P W  I W I --= 0 (1) 

O< x< L,  t>O 

Here  x is the coordinate  along the pipe ax is ,  t is  the t ime ,  W and P a r e  the gas veloci ty and p r e s s u r e  
a v e r a g e d  over  a c ros s  sect ion,  C is the speed of sound, L and D a r e  the length and d i a m e t e r s  of the pipe,  
and X is the coeff icient  of f r ic t ion.  

The initial and boundary  conditions fo r  sys t em (1) a r e  a s s igned  in the fo rm 
r 3. Wo ~ q 

w (x, o) = Wo = oo,~st, ~ (~, o) =Po [t + ~ - - ~  ( L -  ~1] 
W (0, t) = W o -}- W ,  s i n  o~t, P (L, t) = Po = eonst 

The sy s t em  (1), (2)is reduced  to d imens ion less  fo rm using the subst i tut ions 

x Ct P W W ,  W o 
~" =-L- '  ~= ' -U,  P=-P~o, ~ =  ~-~' v =5-7~ ' )t =--6- 

0)L ~. L 
H = - - ~ - ,  R - - 2 D  

In the ana lys i s  of pulsat ing gas movemen t  in a pipeline ins tead of the nonlinear  p rob lem ( 1 ) ,  ( 2 )  one 
usually cons iders  the l i nea r i zed  p rob lem [1, 2] 

op o~ Op o~ (3) 
0~, -- O'C +2RM~w~ --  Or: = i l l  O~ 

= (o, x) = ~ ~-  v s i n  gr: ,  p (a, ~) = 1, ~ (~, O) = I ( 4 )  

p (~, O) = I + R M  z ( t -  ~) 

The sy s t em  (3)is obtained f rom (2) on the assumpt ion  that the gas veloci ty  is much l e s s  than sonic 
ve loc i ty  and the gas p r e s s u r e  and veloci ty  can be r e p r e s e n t e d  in the fo rm of a sum of s ta t ionary  and smal l  
nons ta t ionary  components  [3]. A compar i son  of the numer i ca l  solution of p rob lem (1), (2) with the ana ly-  
t ical  solution of (3), (4), with different  values of V, H, and R makes  it poss ib le  to dist inguish those regions 
of var ia t ion  of the p a r a m e t e r s  in which l inear iza t ion  leads to sa t i s f ac to ry  r e su l t s .  

F o r  the solution of the nonl inear  p rob lem (1), (2) we used an impl ic i t  f in i te -d i f fe rence  sy s t em s i m i l a r  
to the s y s t e m  used e a r l i e r  in [41 fo r  the solution of s y s t e m s  of quas i l inea r  hyperbol ic  equations and in 
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app l i ca t i on  to the ca l cu l a t i on  of pu l s a t i ng  gas m o v e m e n t  in  a p ipe l ine  d e s c r i b e d  in [5, 6]; the s teps  of the 
r e c t a n g u l a r  g r id  with r e s p e c t  to T and } w e r e  0.0015 and 0.05, r e s p e c t i v e l y ,  and the n u m e r i c a l  method  
was  c a r r i e d  out on a BESM-6 c o m p u t e r .  

The  so lu t ion  of the l i n e a r i z e d  p r o b l e m  (3), (4) has the fo rm 
oo 

i cos k (t -- ~) exp (/HT)] + exp (-- MR'~) ~ [ A n cos ~nT + B sin ~n v] sin ~n~ w ( ~ , ~ ) = l + V l m  - cosk n 
n ~ o  

p (~, "r) = i + B M  2 (i -- ~) + ---H-- Re k c o s ~  exp (IH*) exp (-- M17,) ~ l  [ An* cos Xnv + Bn* sin ~'n*] cos ~.n~ 
n = 0  

k = a + 1.3 ~ } : H  2 - -  2#HMIt, X n = - -~  (2n + l) 

2~V (~2 + X~) 

The  o the r  F o u r i e r  coef f ic ien t s  Bn, An*, and  Bn* have an  ana logous  s t r u c t u r e  and  d e c r e a s e  jus t  as  f a s t  with 
an  i n c r e a s e  in  n .  

In the c a l c u l a t i o n s  conducted  for  the 32 v a r i a n t s  which  e n c o m p a s s  the l i m i t s  of v a r i a t i o n  of the c h a r -  
a c t e r i s t i c s  of a pu l s a t i ng  gas s t r e a m  which a r e  p o s s i b l e  in  p r a c t i c e  [1], the  fol lowing va lues  of the p a r a -  
m e t e r s  w e r e  taken:  L = 2 0 m , C = 3 1 5 m / s e c ,  P0 = 4 . 9 . 1 0 5 N / m  2 , w  0 = 2 0 m / s e c ,  X = 0 . 0 2 ,  and the r e m a i n -  
ing va lues  w e r e  v a r i e d  wi th in  the l i m i t s :  V = 0.05-3.50, H = 1 .05-3 .14,  R = 0 .8-40 .0 .  
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A compar i son  of the numer i ca l  solution of the nonl inear  p rob lem (1), (2) and the equations (5) showed 
that  good a g r e e m e n t  in the f requency and phase  of the osci l lat ions is obse rved  in the en t i re  range  of 
var ia t ion  of the p a r a m e t e r s .  There fo re ,  a c o m p a r i s o n  was made with r e spec t  to the max imum deviation 5 
in the dis t r ibut ion ove r  the length of the pipe of the ampl i tudes  of the es tab l i shed  osc i l l a to ry  p r o c e s s .  

F o r  smal l  ampl i tudes  in the initial c ros s  sect ion (V = 0.25) 5 does not exceed 16% in the ent i re  range 
of f requencies ,  and the g r e a t e s t  e r r o r  is obse rved  a t  H = 1.05. In the region of higher  f requencies  (H = 
1.57, 2.10, 2.62, 3.14) the ampli tude dis t r ibut ions  along the length a Imos t  coincide.  The distr ibut ions along 
the length of the veloci ty  and p r e s s u r e  ampl i tudes  for  the nonlinear  and l inear ized  p rob lems  a re  p resen ted  
in F igs .  1 and 2 with sol id and dashed curves ,  r e spec t ive ly ,  fo r  V = 0.25, R = 4.0, and H = 1.57, 1.05, and 
3.14 for  curves  1-3, r e spec t ive ly .  

With a fixed f requency H and an inc rease  in V the value of 6 i n c r e a s e s ,  with the m o s t  significant 
deviations (over 100% at V = 3.50) being obse rved  near  the resonance  f requency (H = 1.57). With depar tu re  
f rom resonance  (H = 2.10 and 2.62) the deviat ion 6 is on the o r d e r  of 10-15% in the en}ire range  of 
va r ia t ion  of V. 

An ana lys i s  of the data obtained shows that nea r  the resonance  f requency for  all  the values of V 
examined  the deviation 5 w in the veloci ty  ampl i tudes  exceeds the deviation 5 in the p r e s s u r e  ampli tude 
by 1.5-2 t i m e s ,  while in nonresonance  modes  the values  of 5w and 5p a r e  c lose .  As a rule ,  Eq. (5) gives 
an ove r s t a t ed  veloci ty  ampli tude and an unders ta ted  p r e s s u r e  compared  with the numer ica l  solution. The 
ampl i tude dis t r ibut ions fo r  H = 1.57, R = 4.0, and V = 3.5 and 2~ (curves 1 and 2, respect ive ly)  a r e  p r e -  
sented in F igs .  3 and 4. 

The dependence of the deviation 5 on the p a r a m e t e r  R cha rac t e r i z ing  the d iss ipat ive  p r o p e r t i e s  of 
the osc i l l a to ry  s y s t e m  was studied nea r  resonance  (H = 1.46). The ampli tude dis t r ibut ions of the gas  
veloci ty  and p r e s s u r e  osci l la t ions fo r  H = 1.46, V = 0.25, and R = 0.8, 1.33, and 4.0 (curves 1-3) a r e  shown 
in Figs .  5 and 6. With a dec rea se  in R the deviation 5 i n c r e a s e s ,  reaching  the o rde r  of 20% at R = 0.8, 
with the use  of the l inea r i zed  s y s t e m  (3), (4) leading to unders ta ted  ampl i tudes .  

Thus ,  f a r  f rom the resonance  f requencies  in the ent i re  range of var ia t ion  in the p a r a m e t e r s  inves t i -  
gated the use  of the l inea r i zed  s y s t em  (3), (4) leads  to resu l t s  which a r e  in sa t i s fac to ry  a g r e e m e n t  with the 
numer ica l  solution of the nonl inear  s y s t em  (1), (2). If the f requency of the forced osci l la t ions is close to 
the natura l  f requency of the gas column then the l inea r i zed  model (3), (4) is not accu ra t e  enough when 
V > I ~  
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