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RESEARCH MEMORANDUM

EFFECT OF DRAWBAR UPSTREAM LOCATION ON ATR VELOCITY DISTRIBUTION
AT THE INLET FACE OF REACTOR SEGMENT DESIGNED
BY THE GENERAL ELECTRIC COMPARNY

By T. F. Nagey and E. W. Sams

SUMMARY

An investigation was conducted at the NACA Lewls laboratory on a
drawbar, for the General Electric reactor segment tests in the Materisls
Testlng Reactor. The drawbar 1s essentially & hollow T-shaped body,
located upstream of and fastened to an air reactor test segment to
facllitate insertion and wlithdrawal of the test segment from the reactor
and to provide a protective cover for instrument leads. This investiga-
tlon was undertaken to determine the effect of drawbar upstream location
on air velocity distribution at the reactor inlet face.

Velocity distributions were obtained over a range of equlvalent
reactor-intet Reynolds numbers of about 35,000 to 100,000 with inlet-eir
pressures up to ghbout 34 inches of mercury absolute and smbient inlet-
air temperature. The distances between drawbar and pltot-static tube
(representing resctor-iniet face) at which velocity surveys were taken
were varled from gbout 3 to 5 inches; for comparison, velocity surveys
were also taken with the drawbar removed from the tunnel.

The results of these tests, for an equivalent reactor-inlet Reynolds
number of about 100,000 and a drawber-to-probe distance of gbout
3 inches, indicate thet the ratio of loecal to bulk velocity at the cen-
ter of the reactor segment face decreased sbout 8 percent from the cor-
responding value found with the drawbar removed. As Reynolds number
increased from ebout 35,000 to 100,000, for e glven drewber location,
the ratio of loecal to bulk velocity at the center of the segment face
decreased only about 1 percent.
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IRTRODUCTION

The Generael Electric Company is constructing an air-cooled reactor
for alrcraft propulsion. A small rectangular segment of this reactor
has been built by General Electric for preliminary "in-pile" tests in
the Materials Testing Reactor. For these in-pile tests, a drawbar
must be pleced immediately upstream and across the center line of the
air-inlet face of the reactor segment to facilitate insertion end removal
of the segment from the reactor and to provide a protective channel for
instrumentation leads. The drawbar is a T-shaped metal tube (fig. 1(z)).
The handle end is about 14 inches long and has an outside diameter of
0.5 inch. The cross member is 2.4 inches long and has an elliptical
cross section with major and minor dilameters of 0.625 and 0.375 inch,
respectively, the minor diameter being normasl to the alr flow direction.

¥
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In order to keep the lead shielding weight requirements to a mini-
mum for the in-pile tests, it is desirable that the drawbar be placed
as close to the upstream face of the reactor segment as is possible
(fig. 1(b)) without causing = serious maldistribution of air flow across
the inlet face of the test segment. The present investigation was
undertaken at the Lewls laboratory to determine the effect of several v
drawbar-to-reactor inlet distances on velocity distribution at the reac-
tor inlet face. For these tests, the drawbar was constructed of wood,
and a pitot-static tube was used for msking velocity surveys at several .
points downstream in a simple wood tunnel built for these tests

(fig. 1(c)).

The tests were conducted over s range of equivalent reactor-inlet
Reynolds numbers fram about -35,000 to 100,000 with inlet-air pressures
up to sbout 34 1nches of mercury absolute and ambient air temperature.
The results of these tests are presented hereln 1n the form of plots of
the retlo of loecal to bulk velocity agalnst distance of the probe from
the tunnel wall for a range of drawbar-to-probe (reactor-inlet face)
distances.

EQUIPMENT AND INSTRUMENTATION

Drawbar. - Figure 1(a) shows a sketch of the drswbar giving the per-
tinent dimensions. Figure 1(b) shows a schematlic representation of the
menner in which the drawbar is to be used for the in-pile tests, and v
figure 1(c) indicates the manner in which the drawbar was used in the
NACA tests.

Instrumentsation. -~ The pitot-static probe with which the wvelocity
surveys were teken could be mounted 2.87, 4, and S inches behind the
trailing edge of the drawbar. The probe was mounted to allow manusl tra-
versing of about 0.9 inch gbove and 0.9 inch below the drawbar center
line in increments of travel of 0.1l inch.
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The manometer hookup used with the probe is also shown in fig-
ure 1(c). The probe total end static pressures were read differentielly,
with & side tee for static pressure medgsurements for celculation of
local velocities. Air flow messurements were also made (as described
in next section) for calculation of bulk velocities.

Alr system. - A schematic dlagram of the general piping layout is
shown 1In figure 2. Service alr is passed through & pressure~regulating
valve and then through sn orifice run consisting of an air straightener
and an A.S.M.E.-type flat-plate orifice before entering the lnlet tank.
From the inlet tank, the ailr flows over the drawbar end then is dis-
charged to the atmosphere.

The orifice and test section inlet-sir tempersture 1s measured by a
thermocouple Just downstream of the orifice plate.

SYMBOLS

The following symbols are used in this report:

A free flow area of tunnel (downstream of drawbar)}, sq £t
De effective diameter of tummnel, 4A/P, £t

accelerastion due to gravity, 32.2 ft/sec2

P wetted perimeter of tunnel, ft

gir pressure, 1b/sq ft

o)

Lp  dynamic pressure, Py - Pg, Ib/sq £t

gas constent for air, 53.35 £t-1b/1b °F

2]

Re Reynolds number

t stetic temperature st test section, R
Vv  velocity, ft/sec

W  elr flow, 1b/sec

R gbsolute viscosity of air, 1b/sec-ft

P air density, 1b/cu ft
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Subscripts:
b evaluated at bulk condition
1 evaluated at local condition
8 static
t total

1 eveluated for number 1 reactor segment instead of tunnel

METHOD OF CALCULATION

For the tests reported herein, the local velocitles were calculated
from the equation

vy =A[2ELR (1)

P
where Ap = (py - Pg); ©e measured by the probe and

ey =£P—1?{‘)t—Z (2)

The use of total temperature in place of statlc temperature 1n equa-
tion (2) resulted in negligible error for the condlitions herein. The
bulk velocities were cslculated from measured alr flows where

W
Vo = — 3
b DZA ( )

The use of pj for p, in equation (3) incurred insignificant error
inasmuch as the variation of (Ps)z across the tunnel was negligible.

The tunnel Reynolds mumber (Re)i,.ne; used herein is given by the
equation

, W Dy
(Re)tynne1 = % m

vhere Dg = 4A/P. The equivalent reactor-inlet Reynolds number
(Re)reactor glven herein is similarly calculated where

69.2
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WDhe 1
Re =
( )reactor A n

where Dg 7 and Aj; are evaluated for the mmber 1 reactor segment,

the values belng 0.0326 feet and 0.0379 square feet, respectively. A
sample calculation is given in the appendix.

RESULTS AND DISCUSSION

Velocity distribution. - The ratio of locel to bulk velocity plotted
against probe traverse distance 1s shown in figure 3 for an equivelent
reactor-inlet Reynolds number of 101,000 for drawbar-to-probe distences
of 2.87, 4,and 5 inches. Included for comparison are data for the case
where the drawbar was removed from the tunnel.

The variation of VZ/Vb at the center of the reactor segment face
with drawbar-to-probe distance is given in the following tsble:

Drawbar-to~probe |(Re)tynnel (Be) pegetor Vi s vi7vb
distance, (equivalent reactor|ft/sec|(center point)
in. inlet)
2.87 588,000 101,000 428 l.14
4 588,000 101,000 428 1.18
5 588,000 101,000 428 1.20
Drawbar removed| 588,000 101,000 428 1.24

The decrease in V3/V, (at center point}, as shown in the table,
between the farthest drawbar position (5 in.)} and that at a distance of
2.87 inches is gbout 5 percent. Comparing the wvalue of VZ/V5 for the
case with no drawbar with that for a drawbar-to-probe distance of
2.87 inches shows a decrease 1n Vz/Vb of only sbout 8 percent. Inas-

much as bulk veloelty for these ceses i1s constant, the percentage vari-
ation given is a direct measure of the varistion in center-point local
velocity.

The effect of Reynolde -number on vz/vb for a fixed drawbar-to-probe

distance is shown in figure 4. With a variation 1n equivalent reactor-
inlet Reynolds number from sbout 35,000 to 100,000, the veristion of the
vaelue of VZ/VB for a drewbaer-to-probe distance of 4 inches is only

about 1 percent.
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CONCLUSIONS

The results of these tests on the velocity distribution behind a
General Electric drawbar cen be summarized as follows:

1. At an equlivalent reactor-inlet Reynolds number of 101,000 and =a
drawbar-to-probe (reactor inlet face) distance of about 3 inches, the
local velocity at the center of the reactor segment face was sbout
8 percent less then the corresponding velocity fournd with the drawbsr
removed from the tunnel.

2. The variation of local-to-bulk velocity ratio with Reynolds num-
ber over & range of equlivalent reactor-inlet Reynolds numbers from about
35,000 to 100,000 was found to be negligible.

Lewls Flight Propulsion Leboratory
Nationel Advisory Commlttee for Aeronautics
Cleveland, Chio, November 25, 1952
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APPENDIX - SAMPLE CALCULATION

Probe located 2.87 inches downstream of the drawbar and 1.25 inches
from bottom wall of tunnel.

The local velocity 1s given by

v, = E&SQ =,\f 644 X 506:5 _ 486 £t/sec
1

0. 0836
Where:
tp = (py - Pg); 88 measured by probe
= 58.95 inches Hp0 = 306.5 1b/sq £t
oy = (P;iz = s 2o2P o = 0.0836 Ib/cu £t

The bulk veloelty is given by

W 1.43

= 5, = 00836 x 0.0400 ~ 428 Tt/sec

Yy

wWhere:

W(from orifice measurement) = 1.43 1b/sec

A(tunnel sarea) 0.0400 sq ft

The tunnel Reynolds mumber 1s given by

W D
e T o.o4ol>-<4§.§z§:i 0% T 598,00
where:
De = 0.20 £t
A = 0.040 sq Tt
The equivalent reactor-inlet Reynolds number 1s
(Re)renctor = WDe 1 1.43 X 0.0326 _ 101,000

A B 0.0379 X 0.1216 X 10~%



where:

De,1 (number 1 reactor segment)

i

A; (number 1 reactor segment)

0.0326 ft

0.1216 x 10~%

0.0379 sq ft

sec Tt

| Waca mM Eszr2z

10 __ .+ 5250 R
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(c) Bchematic diagram showing method of test used herein.

Figure 1. - Drawbar and test setup.
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Figure 3. - Variation of locel-to-bulk velocity ratio across tunnel as affected
by distence between drawbar and probe (reactor imlet face}. Tunnel Reynolds
number (Re)yynneys 588,000; reactor Reynolds number (Re}yegctors 101,000.
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Figure 4. - Varistion of local-to-bulk velocity ratio across tunnel as affected
by Reynolds pumber. Drawbsr-to-probe distance, 4 inches.
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