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A numerical solution is examined for a system of equations of one-dimensional isothermal 
flow of a perfect gas in a horizontal pipe with a periodically varying function of the flow rate 
at the boundary. The numerical solution is compared with the solution of the linearized 
problem. The results can be used to calculate the pulsating motion of gas in the pipeline 
systems of piston compressors [1]. 

The one-dimensional  i so thermal  motion of a perfect  gas in a hor izontal  cyl indrical  pipe is descr ibed 
by a sys tem of quasi l inear  hyperbol ic  equations [2]: 

op o (1) 
+ W (pW) = 0 

0 
(pW) + ~ ;  (P + pW ~) + ~ pW 1W I = 0 (2) 

p = pC ~ 

O ~ x ~  L , t ~ O  (3) 

Here x is the coordinate along the axis of the pipe, t is the time, P, W, and p are the p res su re ,  veloc- 
ity, and density of the gas averaged over the c ross  section,  D is the d iameter  of the pipe, ~ is the coeffi- 
cient of friction, and C is the velocity of sound. 

A s ta t ionary distribution of gas p ressu re  and velocity along the length of the pipe is set  as the initial 
conditions: 

P(x ,  0) = P 0  =const ,  W(x, 0)---- W 0 =const ,  0 ~ x ~ L  (4) 

The neglect of p ressure  losses  due to fr ict ion in the initial conditions for the concrete example con- 
s idered below proves to have no significant effect  on the charac te r i s t i c s  of flow for t imes long enough af ter  
the s ta r t  and possess ing pract ical  interest .  2he boundary conditions have the form 

W (0, t) ---- Wo q- W,  sin tot, P (L, t) = P0 (5) 

The solution of sys tem (1)-(3) for the conditions (4) and (5) was determined by the numerica l  method 
of finite differences (method of grids).  A charac te r i s t i c  form of writing (1)-(3) was used for the numerical  
calculatio n: 

OP OP r OW , OW q 
0-7- + (w +__ c) -~;+_pC [ ~ + (w +__c)~;-j = 4-c~D (6) 
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The s y s t e m  of d i f fe rence  equa t ions  for  the i n t e r n a l  points  of a s ec -  
t ion i = 1, 2, . .  �9 N - 1  had the f o r m  

(PL ~+1 - -  P i ,  ~) / ~ + (Wi ,  ~ +_ C) ( P i + t ,  ,~+1 - -  P i - L ,  ,~+1) / 2 h  

+_ (pC)i, ~ [(W~, ~+~ --  W~, ~) / �9 + 

+ (Wi, ~ ~ C) (Wi+i. k+t - -  W~_~, ~+~)/2'~1 = ~ Cap~, 

(7) 

where  h and �9 a r e  the s teps  of an  o r thogona l  g r id  with r e s p e c t  to the x 
coord ina te  and the t ime  t, r e s p e c t i v e l y .  Addi t ional  f i n i t e - d i f f e r e n c e  func-  
t ions ,  a p p r o x i m a t i n g  the c o r r e s p o n d i n g  equa t ions  of s y s t e m  (6) in  the 
v i c in i t y  of the bounda r y ,  we re  used  in  d e t e r m i n i n g  the so lu t ion  a t  the 
b o u n d a r y  po in ts .  The b o u n d a r y  d i f fe rence  equa t ion  for  the point  i = 0 has  

the f o r m  

(Po, k+~ - -  Po, ~) / ~ + (Wo, 1~ - -  C) (P~, ~§ - -  P o ,  ~§ / h - -  

- -  (pC)o, k [(Wo, ~§ - -  Wo, k) / "~ + (Wo, ~ --  C) (W1, ~+1 - -  Wo. ~§ / hl = - -  C~o, 
(8) 

C o r r e s p o n d i n g l y  for  the point  i = N 

(PN, ~+~ --  PN, ~) / �9 + (WN, k + C) (PN. ~+~ --  Px-I, ~+~) / h + 

+ (pC)N, k [(WN, k+~ --  W:~, k) / ~ + 

-3v (W N, Ir At- C) (W N, ,~+1 -- W N-1, k+l) / h] = C~J)N, k (9) 

An analogous implicit difference system for solving a quasilinear system of hyperbolic equations has 

been examined by a number of authors [3-6]. 

The system of difference equations obtained together with the boundary conditions (5) form a closed 
system of linear algebraic equations, for whose solution a matrix method was used. The preliminary in- 
troduction of the variables 

x* x t* Ct p .  P W 
= - Z - ,  = - Z -  ' = - P T '  w *  = --Wo ( l O )  

V* W ,  Wo /_/ coL ~, L 
='Wo-o' M - -  c ' = - U - "  R =  2 D 

of the o r i g i n a l  s y s t e m  led to a d i m e n s i o n l e s s  f o r m .  

The fo l lowing n u m e r i c a l  va lues  of the p a r a m e t e r s  we re  chosen  for  the example  unde r  c o n s i d e r a t i o n :  
L = 20 m,  C = 315 m / s e c ,  W 0 = 20 m / s e c ,  1~0 = 5 .104  k g / m  2, W .  = 5 m / s e c ,  w = 23 sec  -1, D = 0.05 m,  ;~ = 
0.02, and the s teps  of the g r id  were  h* = 0.05 and z* = 0.15, r e s p e c t i v e l y .  

The dependence  on the t ime  t* of the gas  ve loc i ty  a t  the middle  and  end points  and  of the p r e s s u r e  a t  
the s t a r t  and  middle  of the pipe a r e  shown by so l id  l ines  in F igs .  1 -4 .  The g raphs  a r e  c o n s t r u c t e d  on the 
b a s i s  of c a l c u l a t i o n s  c a r r i e d  out u s i n g  a B]~SM-6 e l e c t r o n i c  c o m p u t e r .  The c o n v e r g e n c e  of the n u m e r i c a l  
so lu t ion  was s tud ied  p r a c t i c a l l y  by c o m p a r i s o n  with so lu t ions  ob ta ined  for  v a r i a t i o n s  in  the s teps  of the 
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orthogonal grid.  In this case a twofold decrease  in the grid pa- 
r ame te r s  compared  with those chosen leads to a pract ical ly  in- 
significant deviation in the p ressu re  and velocity values. An 
analysis  of the data obtained showed that on any section 0 _< x* _ 1 
for t* > 10 the dependence of P* and W* on time becomes per i -  
odic, with the oscil lat ion frequency pract ical ly  coinciding with the 
driving frequency. 

In connection with the fact that at  present  approximative 
methods [1, 2, 7-9] based on l inearizat ion of the original  sys tem 

(1)-(3) are  used to solve problems of the analysis  of pulsating movement of gas in pipelines, the problem of 
est imating their  e r r o r s  is of in teres t .  According to the resul ts  obtained in [7, 8], using l inearizat ion by 
means of a representa t ion of the desi red flow pa ramete r s  in the form of a sum of s ta t ionary and small  non- 
s ta t ionary components,  for a s ta t ionary osc i l la tory  process  with the boundary conditions (5), the solution of 
the l inearized sys tem (1)-(3) can be presented in the form 

y �9 

W* (x*, t*) = t + ch 2M1r + cos 2H {sin Ht* [cos Hx* ch MR (2 -- x*) + 

J- cos H (2 -- x*) ch MRx*] -- cos I[t* [sia Hx* sh MR (2 -- x*) + sin H (2 -- x ~) sh MRx* ]} (11) 

V*M 
P* (x*, t*) ---- i + RM ~ (t -- x*) + ch 2MR J- cos 2tl (sinHt*[cosHx* sh MR X 

• ( 2 - - x * ) - - c o s H ( 2 - - x * ) s h M R x * l  + c o s H t * [ s i n H  ( 2 - - x * ) e h M B x * - - s i n H x : ' c h M R ( 2 - -  x*)l} (12) 

In Figs. 1-4 the dashed curves  r ep resen t  solutions of the l inear ized sys tem (1)-(3) at  the cor respond-  
ing points obtained with the use of these relat ions.  The compar is ion shows that af ter  completion of the 
t ransient  p rocesses  (t* > 10) the solutions of the nonlinear and l inearized sys tems become very  close in 
frequency and phase of the oscil lat ions but can differ considerably in amplitude. 

The lengthwise distributions of oscil lat ion amplitudes of velocity and p res su re  for the nonlinear and 
l inearized sys tems are  represented  by solid and dashed curves ,  respect ively ,  in Figs. 5 and 6. Since the 
divergence of the amplitudes reaches  values on the o rder  of 50%, l inearizat ion can substantially show up 
the precis ion in determining the charac te r i s t i c s  of the osci l la tory  p rocess .  

Additional studies are necessary to establish the exact limits of the ratio of W. to W 0 within which 
it is possible to linearize the system (1)-(3). However, because this ratio is always greater than 0.25 in 
real pipeline systems of piston compressors, one can be sure that with the use of a linearized system for 
analyzing gas-dynamic processes in pipelines the results obtained are very rough. 

The problem of calculating the pulsating movement of gas in a concrete pipeline system of a piston 
compressor differs from that examined in that the solutions of system (1)-(3) for several sections must be 
pieced together using the boundary conditions. The numerical method described above with the correspond- 
ing variables can also be used for this case. 
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