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MIXING LENCITS AND ENTBRATNMIXT RATICS
IN IOW-VELOCITY JIT-PUQ}PS

by

J. &, Nowrey and Arnold £ivnick

“he work on ducted Jets carried out earlier under “his contract
dealt with higk-velocity Jets discharging into large ducts., The Jet

velocities were avout 600 £4, per aecond, ard the duct area was 16 times

as large as the jet area. The problem of coolirg & gas-turtine by using

the momentum of the hot exhaust gases to induce the flow of cooling alr
indiceted that lcw»vqlocity jete (say ebout 100 ft, yer second) shculd de
invso t;uted also, The entrainment ratlo desired for turbires is much
lower than the values fourd with the high-velocity Jets.

The rresert inv;stigation wiag undertaker in order to measure
the mix!zgs lergik for a new low-velocity Jjet-duct system and to ccmrere

this value with that fournd Yor the high-velccity Jets., 1t was &lao

desirable to see Low thke now mixing length derended on the Jet veloclity,

The enrliar work with ‘ue S00 ft. ver sscond Jete haei showrn

rrat {hne Lixiag lozgih woe 2hont saven duct diasmeters, That is, the
primary and secorndary air had mixed sufficiently in that distance to
rrovide a flat velocity profile across the duct. At that location, the

static precsure in the duct was at 8 maximum. These observations were

true for non-ieothermal systems (3, 4) as w.ll as for isothermal ones
(g). In each case the entrainment ratio (wzight of entrained air to
weight of primary air) was about 3.5.

Some c¢arlier tests had veen made with lower entrainment ratios

(2). The flow of secondary air was reduced somewbat by the use of screens
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at the secondary alr enirancs, or by restricting the total flow at ine

duct discharge. In both cases ths mixing length war found to decreass

from seven diametars to about five diametere, It was observed that the

mixing length was about prorortional to the ertralnmment ratio.

For tke new low-velocity, low-entrainment tests, the air-suprly

system described by aAlexander (1) was used. The flow metering system

was the samz a8 that used by Danlelson (3). The Jet and duct desigus

vere changed to yrovide thke n=cescary low entrainment. Ideally, the Jet

could bave issued from a standard, falred nozzle. Dowever, a short

length of 2-1incr stardard stecl pipe was selected Iinstead. Thls simu-

lated the deeizgn of a home-made jet rump and alsc yrovided a considerable

saving in time, The edge of the "nozzie" was tapered to a sharr-edge

(wit: the inside diameter remairing constant). The duct had an inside

diameter of 2.79 inches arnd was provided with & falred entry of the type

nsed for subsonic flow., The ratio of the iniiial jet area to the minimum

arimlar, seccrndary-air area was 1 to 0.33 (compared to about 1 to 15 for

the high-velocity Jets). Holes were located at l-inch intervals along

the duct to permit static yressure measursments and impact tubs traverses.

During any run, &ll tre data wore ovialned ir ore session, The

3 A

1 data consisted of measurements of the rrimary air-flow, the
duct static yressure yrofile (along the axis), and the duct impact_tube

traverses at varlous cross-sectiona along the duct, Each impact-tube

traverse consisted of adbout 15 resdings along one radius of the duct,

(i S e A

The enirained-air flow was calculated dby differeunce. The tu.al

gir flowirg in the duct was found vy 2 srapnical evaluation of the impacti-

tubs traverses, welghiirg each value according to.the annular aree
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reprssented by that reading. The primary air fraction of this total

flow was ecubtracted to give the seccndary air flow. The calculated total

alr fiow varied from the mean by about + 130 rercent froa statiorn to sta-
tior alwng the duct length, ©OSince the test conditions did not change,

the vorlability might be attributed to differences in the degres of

turbulerce along the duct, The same thenomenon was noted earlier by

Fenze (4) and by Denielson (3).
Although the total air flov varied frem the mean by + 10 rer-
cent, the secondary ailr flow varied even more. The secondary air flow

was about one third of the total flow, hence the secondary air {iow varied

from the mean by as much ae + 30 percent. ILis fact must be kert in mind

wken Table I is cxamined.

Table 1 is a summation of the entralrment calculations for the
tests. Runs were made at three primary-jet velocities: &3, 100, and

?59 feet per sscond, The entralmment ratio 13 seer to be abou’ C.3,

Table 1

Air Entrainment by & Slow Jet

Initlal Velocity Entrairmert Batlo
of Jet, fi./seac, Average At Maximum Static Freasure

u7.4 0,36 0.29

7.5 0 3 0.27

249 0.32 0.28

There appears to be a slight dependence of entrainment on Jet velocity,
but this is certcinly not significant in view of the uncertainty in ths

secorndery air flow, It is concluded that the entrainment ratio is

iodependart of ths Jet velocity.
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Considering the mixing length, an unexpected fant was dis-
covered. The mixing lergin is the distance necessary for a flowing, non-
mixed stream to become completely mixed. The rolnt of final complete
nixirzg may be determined by static rressure measuremerts, or by velocity
profile detarminations. Ior the early high—velocity Jets, both methods
were used, and the values agreed. The rrofile tyrical of flow in a pire
occurred firat at a distance of seven duct dimmetere from the nozzle
(2,3,4). The static pressurec was a maxiﬁum at -t%e .same location. Eow-
ever, for the low veloclity Jets, the two criteria of complete mixing gave
distinctly different values for the mixiag length. The zixing lergth was
five duct diameters as determined by static pressures; it was ten diameters
accordirg to the velocity rrofiles. This was true at ‘ail three test velo-
citiea. Tris of course means that & stadble flow rnear the duct wall occurs
btefcre mixing is complete in the main bullk of fluid.

Other workers have rercorted mixing lensths of from four to ten
duc diemeters, the value derending orn the exgperimental design. The
apparatus design of course 1s of prime lmportunce., If a faired jJet-
nozzle had been used for the present tests, it is entirely pocsidle that
different entrairments and different mixing lengthe would have resulted.

---------- A

an oy ) ety e i A P S
nweverthelsss, 1l seedmits thal a duct

& Laving & lesgih-to-diameter ratio of
ten is sufficient to cbtain complete wixing of a Jel with entrained air,
regardless of whather the jet velocity i8 high or low, whether the en-

traivment ratio 1s high or low, and probably whether tL: nozzle 18 faired

or a eimple pipe., In some casea a shorter duci will be sufficient.
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