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Abstract-Measurements of mean velocity and a passive scalar (helium tracer) have been obtained for two 
rows of opposing jets discharging normally into a crossflowing stream and simulate an important aspect of 
gas-turbine combustor practice. Results are presented for a downstream distance of 6 jet diameters from the 
jet centre-lines and for a jet-to-mainstream velocity ratio of 2.25. The influence of the non-uniform pitch and 
pitch-to-diameter ratio is quantified with the opposing jets separated by 40. 

For a pitch to diameter ratio of 2, a slight geometrical asymmetry of the central jet for one row of holes 
results in a severe asymmetry of the velocity field. This effect is not, however, propagated to the opposing side. 
The scalar flux measurements show the nearest adjacent jet aiding the displaced jet to regain symmetry and 
the counteraction to this of the opposing jet. With a pitch to diameter ratio of 4, the scalar measurements 
indicate ‘slipping’ between the opposed jets. Furthermore, symmetrical arrangement of the jets with this 
higher pitch-to-diameter ratio leads to impingement of the opposing jets with the jets bifurcating 
asymmetrically and geometrical asymmetry no longer results in severe asymmetry of the velocity field. 

INTRODUCTION 

IT IS well known that the temperature distributions in 
the exit planes of the combustors of gas turbines are 
non uniform and can have maxima which limit the life 
of nozzle guide vanes and turbine blades. There are 
many possible reasons for these non-uniformities and 
this paper examines the influence of geometric toler- 
ances in an idealised geometry with isothermal flow. 
The arrangement is shown in Fig. 1 and consists of two 
rows of jets which impinge upon each other and are 
subject to a crossflow ; the present measurements were 
obtained with a jet-to-mainstream velocity ratio of 
2.25 and with a separation of four diameters between 
the exit planes of the two rows of jets. 

The measurements represent a major extension of 
the work of Crabb [l] and Crabb and Whitelaw [2] 
which investigated the flow properties downstream of 
a single row of jets in cross-flow with a pitch to 
diameter ratio of 2 and of Khan and Whitelaw [3] 
where the same arrangement was used to determine 
the influence of velocity ratio. In all cases, the influence 
of displacement of one hole, with respect to the others, 
was determined and shown to be large in that the two 
jets with smaller separation gave rise to a dispropor- 
tionately large downstream region of separation. This 
result suggested that geometric asymmetries as- 
sociated with manufacturing tolerances can give rise to 
substantial flow asymmetries and this possibility is 
tested here for opposed jets with pitch to diameter 
ratios of 2 and 4 and a separation similar to that in gas 
turbine practice. 

Additional results with a single row of jets in 
crossflow have been reported, for example, by Ka- 
motani and Greber [4], Holdeman and Walker [5] 

and Cox [6] and encompass a range of pitch to 
diameter ratios of 2-12 and ratios of jet to cross-flow 
velocities from 2.5 to 8.5. Temperature measurements 
were reported in all cases and were complemented, in 
the case of [4], by trajectories. It is clear from these 
results that the double vortex characteristic of the 
single jet in crossflow, see for example [7-91, is not 
allowed to develop with pitch to diameter ratios less 
than 4. In addition and at velocity ratios greater than 
that examined here, the influence of the position of the 
wall opposite to the jet exit was shown to influence the 
flow significantly. 

The present work was motivated by the need to 
understand the flow patterns which stem from op- 
posed jets in crossflow and particularly to determine 
the magnitude of the flow asymmetries which stem 
from geometric asymmetries. It is questionable if rows 
of jets manufactured to realizable engineering toler- 
ances can give rise to a flow which is symmetric within 
the uncertainties associated with fluid-flow measure- 
ments but the main emphasis is on the results of 
displacing one hole centre-line, by a measured 
amount, with respect to the neighbouring and opposite 
centre-lines. The use of idealised geometries and 
isothermal flows implies that any extrapolation to 
combustors must be made with great circumspection. 
The results do, however, provide some guidance and 
also indicate possible limitations of the use of calcu- 
lation methods based on the numerical solution of 
conservation equations in finite-difference form. 

FLOW CONFIGURATIONS AND INSTRUMENTATION 

The flow configuration comprised a channel of 
300 mm width and 100 mm height with five 25.4 mm 
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FIG 1. Schematic of experimental set-up and the co-ordinate 
system used (dimensions in mm: not to scale). 

holes located across the span of the roof and floor with 
their centres separated by 51 mm. The holes were 

connected to 0.76m long tubes which ensured fully 

developed flow and were located with their centre-lines 

0.30 m downstream of sandpaper trips. The arrange- 

ment is shown on Fig. 1 and was operated with mean 

cross-flow velocity of 10.7 m/s and the average velocity 

in each pipe was 24.0 m/s corresponding to a Reynolds 

number of 4.29 x 104. The centre hole on the roof of 
the channel could be adjusted by means of slip gauges 
to allow investigation of hole eccentricity and the top 

row of holes could be moved axially in relation to the 

floor holes. Thejets could also be staggered laterally by 
moving the floor jets relative to the top row. In 

addition, and for measurements with a pitch to 

diameter ratio of four, two holes on the roof and two 
on the floor could readily be blanked off. In view of the 
purpose to investigate flow asymmetries, it is impor- 
tant to quantify the tolerances with which the geomet- 

ric and flow boundary conditions could be 

prescribed. 
The 10 holes were measured in their exit planes and 

found to be round and of equal diameter within 
0.05 mm. The upstream pipes were cut from the same 

batch of thick-wall, drawn steel and were honed over 
the four centimeters close to the exit plane to a similar 

tolerance to that of the exit plane. The pitch of the hole 
centre-lines was identified within 0.02mm and the 
distance between the floor and roof of the channel was 
uniform within 0.1 mm. The alignment of the centre- 
lines of the roofholes, with respect to the centre-lines of 
the floor holes could be achieved within 0.1 mm. These 

tolerances are considerably better than those found in 
the construction of gas-turbine combustors and neg- 

ligible compared to the eccentricities investigated by 
adjustment of the centre floor hole, i.e. 2.54 mm, 6.35 
and 12.70 mm. 

The flow to the holes was generated by a fan which 

passed the air to separate plenum and identical 
chambers for each of the top and bottom rows of holes. 

In the absence of the cross-stream flow, measurements 
of mean velocity were obtained across two orthogonal 
diameters in the exit planes ofeach of the ten holes and 
revealed maximum discrepancies in the flow rates 

obtained by integration of each of the twenty profiles 

of less than 1%. Comparison of the profiles indicated 
local discrepancies of not more than 69; of the 

maximum velocity value. This result was obtained 
after some adjustments to the length of tubing between 

the plenum chambers and the pipes connected to the 

exit holes. In all cases, the exit profile conformed to 
fully developed pipe flow. 

The flow from the main fan passed through an 

expansion chamber to a parallel region with screens 

and honeycomb. It then passed through a contraction 
of area ratio 12 to its exit plane where the present 

channel began. Examination of the flow in the channel, 
with the holes covered by tape, indicated a free stream 
turbulence intensity of 0.70/, in the exit plane and 
boundary layers which were very thin. Sandpaper trips 

were located on the floor and roof of the tunnel and 
close to the beginning of the channel and resulted in 
boundary layers ofmomentum thickness 2.65 x 10’ at 

the location of the leading edge of the holes. The shape 
ofthese boundary layers conformed to a turbulent flow 
with identifiable logarithmic regions. Profiles across 
the tunnel were measured at various cross-stream 

locations in the entrance plane and confirmed two- 
dimensionality within l”/;, of the free-stream value over 

the centre 93% of the channel. 
Measurements of mean velocity were obtained with 

an impact probe of external and internal diameters 1.1 

and 0.61 mm respectively. A transducer and time- 
averaging voltmeter allowed reproducibility of pres- 
sure measurement of better than + l’!;, for all 

measurements and considerably better at the higher 
velocities. Two traverse mechanisms were employed 
and operated from the roof of the channel. The first 

allowed the measurements in the exit planes of the 
holes and the second the downstream results. 

The local concentration of a trace of helium gas, 

which was injected into one or more of the jet flows 

upstream of the pipe exit was determined by sampling 
through the impact probe used for the measurements 
oftotal pressure and passing to a thermal-conductivity 

cell. The technique has been described in greater detail 
in, for example, [ 1,2, lo]. Away from regions of flow 
recirculation, the non-dimensional concentrations are 
precise to better than &2”,, of unity. 

RESULTS AND DISCLISSIO’L 

Measured values of velocity and temperature have 

been obtained for the flow conditions shown on Table 
1 and are presented here in a sequence which conforms 
to that of the table. Only those results which indicate 
significant differences and are potentially useful are 
presented. Individual measured values are presented 
to indicate the detail and scatter of results and smooth 
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Table 1. Flow conditions for the present measurements and legend for the figures (* indicates measurement taken) 

Poisitions 
of the 

opposing jets 

Eccentricity &IS 
of top 

central jet 
zo,“,om 

X ?i 2 I+ ti 3 1; 4 d 
Legend for 
the figures 

Jets opposing e=O * * * * * 

e = O.lD * * * 

e = 0.250 * * * * * a_.-.--(> 
e = 0.5D * * * * l -_----a 

z - 

N 8 e=O * * * * * 

II h 
Floor jets 
staggered e = 0.5D * * * * * ;----; 

c 3 
5 ‘g 

laterally 

? 

(i.e. Z = - l.OD) 

.o 
2 Ceiling jets e=O * * * a 0 

staggered e = 0.5D * * * 
& 

m.. . . 
G 
E 

axially 

4 
(X = l.OD) 

b 
‘: 2 Jets opposing e=O * * * 0 ___- 0 
-c rc * * * * 
Y 

e = 0.250 (D-.-.--c, 

‘G 
2 
P, e = 0.5D * * * * l - _ _ _ _a 

2 ._ Floor jets e = 0.5D * * * 
5 

a___-•_o 

6 
staggered 

B 
S Ceiling jets e = 0.5D * * * n . , 
u staggered 

3 Jets opposing e=O * * * 
G e = OSD * * * 
e 

:I-----g 

d a 
II p Floor jets e=O * * * * * q _---•_o 

5 8 staggered e = 0.5D * * * * * m-.-.-m 

5 ; laterally 

.o 
z Jets opposing e=O * * * * 

* * * * 
5 .!4 

e = 0.5D g .” 

G 
i e 

Top central 

a seeded 
z 2 

e = OSD * * * * 
t, ._ 

@-X--x--c) 

‘: 2 Floor central 
.c LI 
,o 2 

seeded 

‘K 
z Floor jets 
3 staggered 

e=O * * * q _---•_o 
e = 0.5D * * * n _.-.-, 

laterally 

lines are drawn to represent and interpolate the 
measured values. In all cases, X is measured down- 
stream from the centre-line of the floor holes, Y is 
measured from the floor and Z is measured from the 
vertical symmetry plane of the tunnel. 

Velocity values measured at X/D of 6 and at various 
distances above the floor of the channel are shown on 
Figs. 2-4. Figure 2 corresponds to opposed jets, Fig. 3 
to floor and roof jets staggered in the Z-direction by 
one diameter and Fig. 4 to floor and roofjets staggered 
in the X-direction by one diamrter. The influence of 
the lateral displacement of the central, roof jet, with 
respect to its neighbours is shown on all these figures. 

The general nature, and symmetry, of the flow may 
be deduced from Fig. 2 which shows for the symmetric 
case (e = 0) that the free stream flow accelerates 
between the jets and results in maximum velocities 
greater than 1.5 U, in the plane and at locations mid 

way between the jet centre lines. At Y/D of 2, the two 
maxima are within 1% of each other though a slightly 
greater asymmetry exists at Y/D of 3.0 and 3.5 
suggesting that the velocities of the roofjets are slightly 
less equal than those of the floor. The influence of the 
eccentricity of the central roof jet is, as was the case 
with the single row of jets of [l], to increase the 
velocity maximum in the larger gap between the 
neighbouring jets and to reduce the velocity maximum 
behind the two more closely neighbouring jets. For the 
largest eccentricity (e = 0.5D) the maximum is 
increased from around 1.25 U, to 1.45 I.,. at Z/D of 
- 1.0 and reduced from 1.25 U, to 0.92 V, at Z/D of 
-t 1.0 and at the vertical plane corresponding to Y/D of 
3.0. The effect is less at an eccentricity of 0.1 which 
might be regarded as corresponding to an upper 
limit of manufacturing tolerances for combustors but 
is still significant at Y/D of 3.5 and at Y/D of 3.0 (not 
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Z/D 

FIG. 2. Velocity profiles for opposed jets with a pitch-to- 
diameter (S/D) ratio of 2 (chain lines show centrelines of the 

jets). 

shown). The penetration of the effects of the asym- 
metry to the lower half of the flow is not important 
except for the case of OSD eccentricity where the 
velocity maximum at Z/D = 1 has been increased by 
around 10% due again to the two closely neighbouring 
roofjets presenting a barrier to the free stream which is 
accelerated between the wider gap between roofjets, as 
previously discussed, and between the midplane and 
the floor. 

Figure 3 corresponds to roof and floor holes stag- 
gered in the Z-direction by one diameter and also 
shows the effect of an eccentricity of0SD of the central 
roof hole. The velocity distribution for zero eccen- 
tricity are similar but displaced at Y/D of 0.5 and 3.5, 
i.e. 0.5D from floor and roof, and should be uniform at 
Y/D of 2.0. The lack of uniformity suggests that flow 
asymmetries considered negligible at Y/D of 0.5 and 
3.5 have been magnified to become significant at Y/D 
of 2.0. Again, the free stream has tended to accelerate 
between the jets to give a central-plane, average value 
of around 1.3 U,. The non-uniformity of the central- 
plane velocity distribution may, in part, reflect the 
preference of the free stream to yield maximum 
velocities at locations of equal velocities at lower and 
higher values of Y. The effect of hole eccentricity is 
even larger than on Fig. 2 at Y/D of 3.5 but is ofsimilar 
magnitude at Y/D of 0.5. A lower mass flow and 
velocity excursions from the average exist at Y/D of 
0.5, than at 3.5, and are probably associated with the 
asymmetry of the hole arrangement, with respect to the 

FIG. 3. Velocity profiles with the floor jets staggered laterally 
(Z = - l.OD) and S/D of 2. 

tunnel walls, and the related reduction in mass 
injected. 

The velocity results for the axially staggered case, 
Fig. 4, reflect the different effective X-values of the 
measurements above and below the mid plane. Thus, 
the velocities of the lower half, corresponding to X/D 
= 6, are lower than those of the upper half which 
correspond to X/D of 5. This accounts for the slightly 
higher velocities of the figure when compared to those 
of Fig. 2. The effect of the 0.5 D eccentricity is much 
larger than that of Fig. 2 and is probably greater than 
can be explained by the X-value alone. Thus, the free 
stream has been divided by the lower jets and accele- 
rated between them and towards the roof when it 
encounters a second row of jets, this time emerging 
from the roof and with eccentricity. The result is a 
larger wake region and pronounced asymmetry at the 
mid plane. 

L *I 

Z/D 

FIG. 4. Velocity profiles with the ceiiing jets staggered axially 
(X = D) and S/D of 2. 
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(a) 

Z/D 

(b) 

Y/D=3 0 

Y/D=1 5 I 

(d) 

FIG. 5. Concentration profiles at 6 downstream diameters (X = 60) with the jets directly opposing and 
staggered and S/D = 2. 

The non-dimensional concentration profiles of Fig. 
5 were obtained with a trace of helium in the central 
roofjet and again correspond to the legend of Table 1. 
These concentrations may be interpreted as the non- 
dimensional value of any passive scalar including, for 
example and in the absence of reaction and radiation, 
of temperature. For the geometrically symmetric case, 
the profiles are also symmetric with a maximum value 
on the jet centre line at Y/D of 2.0 and lower values in 
the near-wall region : this may be deduced from Figs. 
5a, b and c. Figure 5a also shows that lateral staggering 
of the jets with hole eccentricity causes greater asym- 
metry of the jet fluid at X/D of 6 than the eccentricity of 
a single hole alone which results in a tendency for the 
jet fluid to return to a symmetric distribution about the 
centre line of a corresponding non-eccentric jet. Figure 
5b confirms this last result at Y/D of 3.0 and also shows 
that axial staggering of the roof and floor jets, with 

central roof-hole eccentricity, also results in near 
symmetric jet fluid. Figures 5c and 5d, show that the 
apparent symmetry about Z = 0 is not maintained at 
Y/D of 2.0 and 1.5 where symmetry remains but with 
an axis corresponding to that of the eccentric jet. Thus, 
and in contrast to the velocity characteristics, the 
influence of the scalar quantity extends beyond mid- 
plane and to an important extent. 

Results, corresponding to those of Figs. 2, 3 and 5 
but for a pitch to diameter ratio of 4, are presented in 
Figs. 6-8. As shown by Fig. 6, the eccentricity effect is 
reduced and this stems from the ability of the free 
stream to better penetrate the gap between the two 
neighbouring jets where they are separated by 3.5 D 
rather than the 1.5D of Fig. 2. The tendency for 
asymmetry, even with a nominally symmetric arrange- 
ment of holes, should be noted on Fig. 6 and will be 
discussed further in relation to Fig. 8a which confirms 
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FIG. 6. Velocity profiles for opposed jets with S.!D of 4 

that the opposed jets tend to diverge, in opposite 
directions from the hole centre line. 

The results of Fig. 7 suggest that the non-uniformity 
of the mid-plane velocity value of Fig. 3 do result from 

the free stream accelerating more in regions of equal 

velocity above and below the midplane. The eccentric- 

jet results follow the expected pattern with significant 
penetration beyond the midplane but little at Y/D of 

0.5. 

Z/D 

FIG 7. Velocity profiles with the floor jets staggered laterally 
(2 = -1D)andS!Dof4. 

The non-dimensional concentration results of Fig. 8 

show, for the symmetric arrangement of jets, that the 
expected symmetry does not exist and that the fluid 
from the seeded central-roofjet has tended to bifurcate 

and in an asymmetric manner. This is consistent with 

the asymmetry revealed by Fig. 6 and is important in 

that it implies that, with opposed jets unconstrained by 
surrounding jets or walls, a symmetric arrangement 
cannot be achieved with the dimensional tolerances of 

the present arrangement. With an eccentricity of0.5 D, 
the constraints exerted by neighbouring jets are re- 

vealed by the extent to which the results obtained with 

the top and bottom central jets carrying the helium 

tracer deviate from a mirror image. Here the results 
with the floor jet carrying the helium were actually 

obtained at Y/D corresponding to 4 I1 minus the value 

shown. 

CONCLUDING REMARKS 

The previous section quantifies the influence of 

various hole arrangements on downstream values of 

mean velocity and helium concentration. The results 

have been discussed in terms of asymmetries but can 
also usefully be appraised in terms of the degree of 

mixing and resulting excursions, in the case of the 

scalar quantity from uniform values. In this context, 
the laterally staggered arrangements give the best 

performance although eccentricity of one hole, with 
respect to its neighbours, can cause a significant region 
of lower velocity and higher scalar flow. The results 
with the two pitch-to-diameter ratios should be com- 

pared in this way in the realisation that S/D of 2 

corresponds to twice as much jet fluid. 
The results show that geometric asymmetries can 

give rise to important flow asymmetries and that, 
particularly for the lower value of pitch to diameter 

ratio, these are relevant to the manufacturing toler- 

ances of gas-turbine combustors and to the resulting 
flow uniformity. With the larger pitch to diameter 

ratio, opposed jets are shown to bifurcate asymmetri- 

cally and engineering tolerances to be of lesser 
importance. 

In addition to their relevance to engineering prac- 

tice, the results are important for the development of 

calculation methods in that they quantify the effect of 
the common assumption of symmetric flow boundary 
conditions. Clearly, assumptions of this type can result 

in erroneous results if a geometric asymmetry exists or, 
as in the case of S/D of 4, impinging jets bifurcate 
asymmetrically. It is important to know the likely 
magnitude of these errors so that calculations can be 
made with asymmetric geometry if considered nec- 
essary and with the additional cost. The asymmetric 
bifurcation of jets is not likely to be successfully 
calculated in the immediate future. 
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Y/D=3 5 

I 

Z/D 

Y/D-Z 0 

Z/D Z/D 

FIG. 8. Concentration profiles for directly opposing and staggered jets with S/D = 4. 
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CARACTERISTIQUES VECTORIELLES ET SCALAIRES DE JETS OPPOSES 
ET PERPENDICULAIRES A UN ECOULEMENT PRINCIPAL 

R&urn&-Les mesures de vitesse moyenne et de scalaire passif (hilium tracer) ont Itt obtenues pour deux 

rangtes de jets opposis qui se dichargent normalement a un Bcoulement principal et qui simulent un aspect 
important pratique des brtileurs de turbines g gaz. Les rCsultats sont prCsentts pour une distance en aval de 6 
diambtres de jet $ partir des lignes m6dianes des jets et pour un rapport de vitesse du jet au courant principal 
&gal g 2,25. L’influence de la non-uniformiti du pas et du rapport pasldiamitre est quantifite pour des jets 
opposts stparCs par 4 D. 

Pour un rapport du pas au diamttre lgal2i 2, une Ikgire asymttrie du jet central pour une rang&e de trous a 

pour resultat une asymttrie importante du champ de vitesse. Les mesures de flux scalaire montrent que le jet 

immediatement le plus proche aide le jet dtplac& B retrouver la symitrie tandis que le jet opposC contrarie 

cela. Avec un rapport pasldiamitre egal B 4, les mesures de scalaire montrent un glissement entre les jets 
opposb. De plus, un arrangement symktrique des jets avec une valeur plus importante du rapport entraine le 

heurt des jets opposls avec les jets bifurquant asymetriquement et I’asymitrie gtomktrique n’a plus pour 

rtsultat une asymktrie importante du champ de vitesse. 

VECTOR UND SCALAR CHARAKTERISTIKA VON GEGENLAUFIGEN STRAHLEN, 
DIE SENKRECHT IN EINEN QUERSTROM EINDRINGEN 

Zusammenfassung-Messungen der mittleren Geschwindigkeit und ein passives Scalar (Helium tracer) 
wurden erhalten fiir zwei Reihen gegenliufiger Strahlen, die senkrecht in eine Querstrb;mung eindringen und 
einen wichtigen Aspekt der Gasturbinenpraxis simulieren. Ergebnisse werden wiedergegeben fiir einen 
Abstand von der Strahlmittellinie 6 Strahlungsdurchmesser stromabwPrts und fiir ein Verhlltnis von Strahl 
zu Hauptstromgeschwindigkeit von 2,2S. Der EinfluB nicht einheitlicher Teilung und des Teilungsdurchmes- 
serverhlltnisses ist wiedergegeben fiir gegenltiufige und im Abstand von 4D angeordnete Strahlen. 

Fiir ein Verhgltnis von Abstand zu Durchmesser von 2 verursacht eine leichte geometrische Asymmetrie 
des Zentralstrahls fiir eine Lochreihe eine starke Asymmetrie des Geschwindigkeitsfeldes. Dieser Effekt wird 
aber nicht auf die Gegenseite iibertragen. Die scalaren FluDmessungen zeigen, da0 der ngchstliegende 
anhaftende Strahl dem verdrtingten Strahl zur Wiedergewinnung der Symmetrie verhilft, wiihrend fiir den 
gegenliufigen Strahl die Gegenwirkung eintritt. Bei einem VerhIltnis von Abstand zu Durchmesser von 4 
zeigen die scalaren Messungen einen “Schlupf” zwischen den gegenliufigen Strahlen. Bei diesem griif3eren 
Abstand-zu Durchmesserverhlltnis fiihrt weiterhin eine symmetrische Anordnung der Strahlen zum 
Zusammenprall der gegenlsufigen Strahlen, wobei sie sich asymmetrisch aufgabeln; eine geometrische 

Asymmetrie fiihrt hier nicht mehr zu einer starken Asymmetrie des Geschwindigkeitsfeldes. 

BEKTOPHbIE M CKAJIRPHbIE XAPAKTEPMCTHKM BCTPEYHbIX CTPYti 
MCTEKAIOIUMX nOA nPIlMbIM YrJIOM K nOfIEPEqHOMY nOTOKY 

AHHOTaWI -~~ npOBcAeHbI Ii3MepeHWl CpeAHerO 3HaSeHAII CKOpOCrM ki naCCWBHOr0 cKanRpa (McqeHbIti 

re,IHfi) D,IR AByX pXAOB BCTpWHbIX CTpyk WCTeKaIOLI,HX IIOA npRMblM yrJIOM K “O”epeVHOMy “OTOKy 

A MoAenapylolusx BamHbIii acneKT npouecca. npoltcxonautero B ra30Typ6aHttofi KaMepe cropatlen. 

Pe3yJIbTaTbl nOJIy’IeHb1 A_“S paCCTOSlHBR BH113 “0 IIO-rOKy, paBHOr0 6 AHaMeTpaM CTpyk OTC’,ATbIBa- 

eMor OT 5ix reoMeTpeqecKHx ocek li AJISI OTHOI”eHI(II CKOpOCTeii CTpyk A OCHOBHOrO IIOTOKH. 

paBHOr0 2.25. npOBeAeH0 KOJIM’IeCTBeHHOe CpaBHeHHe BJIARHLIII HcpaBHOMepHOCT,, mara H OTHOIIIeHHII 

mara c~pyii K wx nMaMerpy co cnyqaeM Bc-rpeqHbIx c-rpyic. ~TCTOI~IIIAX 0Ana OT npyrok Ha pac- 

CTOIIHHH 4D. 
Ilp~ 0THomeHmi mara K nrtaMe_rpy. paeHoM 2. He6onbmaa reoMeTperecKan acwMMerpHn IIeHrpanb- 

HOti CTpyA B OAHOM p5IAy OTBepCT‘Iii BblJbIBaeT CWJIbHyIO aCHMMeTpMI0 B paCIIpCAc,IeHMH CKOpOc~ck 

OnHaKo 3~0~ 3$$eKT He pacnpocrpaHneTca Ha ~~~TL~BOIIOJO%H~IO CTOPOHY. MsMepeHHn noToKa 

CKaJIapa nOKa3bIBaIOT. ‘iTO CMeTHaR CTpyR CIIOCO6CTByeT BOCCTaHOBncHAIO CHMMcrpHH B CMemcHHOfi 

Upye, B TO BFMR KaK BCTpWHaa CTpyR OKa3bIBaeT npOTHBOnOJlO~HOe AefiCTBHe. npH OTHOIIIeHllH 

mara K AHaMeTpy. paBHOM 4, HMeeT MeCTO +$eKT npOCKaJIb3bIBaH‘W MemAy BCTpe’tHbIMA CTpyRMA. 

KpoMe TOrO, IIpIi TaKOM 3HaYeHIiW OTHOIIIeHHK CIiMMerpWIHO EiCTeKaKJLtIIic CTpyIi COyAapRIWCfl CO 

CMeUteHHbIMA. HO reOMeTpIWeCKa5I aCHMM’2TpHn He Bb13bIBaeT C‘UIbHOti aCHMMeTpW B paCnpeAe,IeHMM 

cKopocTeR. 


