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EXPERIMENTAL STUDY OF THE PROCESS OF THE FILLING OF A CONTAINER 

WITH COMPRESSED AIR 

G. A. Glebov and A. P. Kozlov UDC 533.17 

Certain laws governing the process of the filllng of a container with compressed 
air are determined experimentally. 

In engineering practice it is sometimes necessary to fill containerswith compressed 
air. This is usually done from stationary high-pressure accumulators or by means of a com- 
pressor. Complex gasdynamic and thermal processes take place in the container being filled, 
and these processes are accompanied by an increase in the temperature of the gas. The 
amount of this heating depends on the heat exchange between the gas and the wall of the con- 
teiner, as well as on many other factors. 

As the test container 3 (Fig. 1) we used a standard cylinder having a length of 1.33 m. 
The outside diameter of the cylindrlcal part was 0.226 m, while the wall thickness was 
0.008 m. The cylinder was made of steel 5. The working gas was air, which was admitted 
through a headpiece 4 from an air ramp under a constant pressure of 8-15 PAPa. The axis of 
the headpiece coincided with the axis of the cylinder. We used two types of headpieces. The 
first took the form of sonic nozzles with a minimum diameter d, equal to 2, 3, and 5 mm. The 
gas passed through these nozzles into the container in the form of an axisymmetrlc jet. The 
second type was also a sonic nozzle, but here a flat, clrcular screen was positioned normally 
with respect to its axis. The flow was deflected in its interaction with the screen and 
flowed into the container in the form of a V-shaped stream. The test unit permitted the 
container to be oriented different ways: horizontally, vertically, etc. 

We measured the following parameters during the tests: the temperature of the gas and 
the temperature of the outer surface of thewall at different stations along the cylinder, 
the gas pressure in the container and the ramp, and the total pressure and temperature of 
the gas ahead of the headpiece. The temperature was measured with Chromel--Alumel thermo- 
couples with wires 0.3 mm in diameter. Pressure in the container was measured with an MD 
400T potentiometric transducer. The recording element in the measurement system was an N- 
700 light-ray oscillograph equipped with MOO1-1 galvanometers. The transducers for measuring 
gas temperature and pressure in the container were installed at three stations located dis- 
tances from the headpiece edge x = 0.15, 0.65, and 1.15 m, respectively. The transducers for 
measuring the temperature of the outside surface was placed at six stations x = 0.ii, 0.37, 
0.49, 0.62, 0.84, and 1.18 m. 

The experiment was conducted in the following sequence. After the recording aqulpment 
was turned on, we injected air into the container through electric valve i. When the pres- 
sure in the container reached the pressure value in the ramp, the injection main was cut off 
by the same valve. The parameters of the gas in the container were subsequently measured 
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Fig. i. Basic diagram of unit. 
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Fig. 2. Change in the parameters of the gas in the con- 
tainer during its filling: Po = ii MPa; a) do = 0.002 m; 
b) 0.005 m; 1) x = 1.15 m; 2) 0.65; 3) 0.15 T, K; P, MPa; 
T~ sec. 
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Fig. 3. Change in gas parameters at different stations along 
the container: de = 0.003 m; Po = 9.5 MPa. 

Fig. 4. Change in the temperature of the outside surface of 
the wall along the container: do = 0.003 m; Po = 13.4 MPa; i) 
T = O; 2) 2"20 s ec ;  3) 40; 4) 60. Twa, K; x ,  m. 

over  a p e r i o d  o f  5 - 1 0 m i n .  P r e s s u r e  in  the  c o n t a i n e r  was dec r ea sed  by r e l e a s i n g  a i r  i n t o  
the  a tmosphere  through e l e c t r i c  v a l v e  2. The i n i t i a l  p r e s s u r e  in  the  c o n t a i n e r  in  a l l  o f  
the  t e s t s  was equa l  to  a tmospher i c  p r e s s u r e .  The c o n t a i n e r  was p o s i t i o n e d  h o r i z o n t a l l y  in  
most o f  the  t e s t s .  

The test showed that thecontainer-filling process is accompanied by an increase in 
gas temperature and is characterized by significant nonuniformity of the temperature dis- 
tribution along the container. This nonunlformlty is particularly evident during the inl- 
tial part of the filling period (Fig. 2). The maximum heating is seen at the rear end of 
the contalner, while the minimum heating is seen at the front end, where there is more in- 
tensive mixing of the incoming gas with the gas already in the container. It is also evi- 
dent from the figure that the degree of nonunlformity depends on the dimensions of the head- 
piece through which the gas is admitted. With an increase in the diameter of the minimum 
cross section of the headplece~ higher values of gas temperature are seen ar the rear end 
of the container. However, the temperature of the gas along the container equalizes by the 
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end of the filling process. The installation of the deflecting screen ahead of the sonic 
nozzle reduces the intensity of mixing of the gas in the container and increases the degree 
of nonunlformity of the tempeature distribution along the container. In this case, as 
measurements showed, higher values of temperature are reached in the rear end of the con- 
tainer. 

The character of the gas-temperature distribution in the different cross sections of the 
container can be Judged from Fig. 3, which shows the change in gas temperature in the upper 
(solld line) and lower (dashed llne) parts of the container at two stations: x ffi 1.15 m 
(curves I) and x = 0.65 m (curves 2). It is apparent that the gas temperature at the differ- 
ent stations is roughly the samedurlng the initlal part of the filling, but then the gas 
temperature obtains a layered distribution: hot gas accumulates above, cold gas below. 
This change in the temperature field of the gas in the container over time is explained by 
the fact that during the initial filling period, with a supercrltical regime of flow through 
the headpiece, flow in the container is characterized by high veloclties and intensive mix- 
ing, which equalizes the temperature field. The velocity of the forced gas flow into the 
container subsequently drops, and natural convection begins to predominate. 

Figure 4 shows the change in the temperature of the outer surface of the container wall 
at different moments of time. It is apparent that the wall-temperature distribution along 
the container is extremely nonuniform and has a characteristic maximum. The maximum heating 
of the wall occurs near the front end and is attributable to the highe r gas velocities in 
this region and, thus, to higher values of heat flux to the wall. The increase in the tem- 
perature of the outside surface of the wall, as can be seen from Fig. 4, reaches 20~ This 
heating will obviously be more significant for containers with a lesser relative wall thick- 
heSS. 

Similar tests were performed with the container positioned vertically. Comparison of 
these results with the test results for the horizontal container showed that during the ini- 
tial filling period the gas-temperature field and wall-temperature distribution are roughly 
the same in both cases. However, due to different directions of free convection, the tem- 
perature flelds for these cases are quite different by the end of the filllng. The greatest 
layering of the gas with respect to its temperature is seen by the end of filling when the 
container is positioned vertlcally, particularly in the case where the gas is injected from 
below. 

NOTATION 

do,  d iamete r  o f  minimum c r o s s  s e c t i o n  of  the  i n j e c t i o n - n o z z l e  h e a d p i e c e ;  x ,  d i s t a n c e  
from headp iece  end to s i t e  of  i n s t a l l a t i o n  of  t r a n s d u c e r ;  P, T, p r e s s u r e  and t empera tu re  of  
the  gas in  the  c o n t a i n e r ,  r e s p e c t i v e l y ;  Po, To, t o t a l  p r e s s u r e  and t empera tu re  of  the  gas a t  
t he  headp iece  i n l e t ;  Twa, t empera tu re  o f  o u t s i d e  s u r f a c e  of  c o n t a i n e r  w a l l .  
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