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RESEARCH MBEMORANDUM
BENCH AND ENGINE OPERATION OF A FUEL-DISTRIBUTION CONTROL

By Harold Gold and Robert J. Koenig

SUMMARY

The study of the application of a fuel-distributlion-control
method to actual gas-turbline-engine operation is described. The
control used was designed to egualize the flow to each of the 14 noz-
zles of a grs-turblne engine. A mathematical analysis of pcasible
control ranges with this method of fuel-distributlion control 1s
presented in the apperdlx. The performance of the control on the
bench and on the englne was very nearly ldentlcal. The maximum
measured deviation from perfect dlatribution during engine opera-
tion, considering the richest or leanest of the 14 lines, was
3.8 percent. It was shown that the control model ls capable of
maintaining this accuracy independently of changes in fuel-nozzle
resistance from 0 up to 1.468 times the resistence of a normal
engine fuel nozzle.

INTRODUCTION

An Investigatlion of methods of cbtalning improved fuel stomiza~
tlion and distribution in gas-turbine engines 1s belng made at the
HACA Cleveland laboratory. In the course of this Investigation, =&
control system was developed (reference 1) that provides a means
of conglstently .obtaining uniform fuel distributlcn.

In order to determine the ability of the system to function
under engine operating conditions, a control was bullt for a gas-
turbine engine having 14 fuel nozzles. The obJecte of this Iinvesti-
gation were to determine: (a) the limits of control range,and (b} the
uniformity of distribution that could consistently be obtained during
bench and engine operation of this control. The control was used
in the operation of the ges-turbine engine through several sea-
level statlic runs during which the fuel flow delivered to each
nozzle was measured. A description of the control and the results
of bench and engine runs are presented. A mathematical analysis
of possible control ranges wlith this msthod of fuel-distribution
control is preesented in the appendix.

UNCLASS‘F\ED
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APPARATUS

Fuel-distribution~control model, - A cross section of the fuel-
digtribution control used in this Iinvestigation is presented in
figure 1. The control comprises 14 control elements plus a pllot
element. A control element consiste of a branch metering Jet, a
downstream pressure-regulating valve, & control disphragm, and
pressure chambers, Fuel 1s delivered under pressure to the low-
resistance manifold passage from which 1t flows through the branch
metering Jets., From each branch metering Jet, the fuel flows into a
pressure chamber B, through a downstream pressure-regulating valve,
and out to an engine fuel nozzle. Fuel also flows through the pllot
metering Jet, through the pllot regulator jJet, and through the pre-
gset pllot resistance valve fram which it returns t¢o the tank, Each
pressure chamber A ia sc vented to the pressure-equalizing passage
that the lcading pressure from the pllot system is equally itrans-
mitted to all control diaphragms, Fech downstream presswre-regulating
valve thereby regulates the chamber B pressure so that it is equal
to the pilot loading pressure. The upsiream pressure to all branch
metering Jets ls maintained equal by the low-resistance manifecld
passage., These two functions combine to maintain equal pressure
drop across all branch metering Jjets. With matched metering Jets,
the flows through all branches are therefore maintained equal. A
more detalled discussion of the action of the control is given
in reference 1,

The branch metering Jeta and pilot metering Jet are 0.104 inch

in diameter and the pilot regulator Jet 1s 0,055 inch in dlameter.

The dlametral clearance between the plunger and the gulde of the
downgtream pressure-regulating valve 1is between 0.0002 and 0.0006 inch,
A long-taper needle velve 1s used as the pllot reslstance valve,

The assembled control 1s shown in figure 2 and disassembled con-

trol element, in figure 3.

Engine fuel-discharge nogzzles. - The fuel-dlischarge nozgzles
usged in the bench and engine runs were of the vortex type currently
uged. on the engine., Each of these nogzles has & naminal rating of
40 gallons per hour at 100 pounds per square inch pressure drop.
The metering pins normally used with these nozzles were removed
from the nozzle assembly because they are unnecessary when the dis-~
tribution control 1s used and because the removal reduced the mex-
imum required supply pressure.

Bench apparatus, - The bench apparatus used for checkling the
operation of the fuel-distribution control i1s schematically shown

oo "
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in figure 4, The fuel flow to each of the 14 nozzles was measured
with a pair of rotameters. Each palr consisted of a rotameter having
a range of 15 to 150 pounds per hour comnected in series with one
bhaving a range of 100 to 500 pounds per hour. The needle valve shown
in figure 4 was used to slmulate varying nozzle or line resistance.
The needle valve could be substituted for any one of the 14 nozzles.
The pressure to the control and the pressure upstream of the needle
valve were measured with pressure gages, each having a range from

0 to 500 pounds per sguare inch. The bench and engine fuel used

was kerosene. A photograph of the bench instellation is shown in

flgure 5.

Engine installation. - For the engine runs, the fuel-dlstribution
control was mounted on & gas-turbine engine having 14 fuel nozzles.
Ap shown in the schematlc dlagram of figure 6, the control replaced
the conventional fuel manifold in the engins :E'uel system, The fuel
flowed through the englne throttle to the control. The control dls-
tributed the flow to 14 separate lines, each of which was comnected to
an engine fuel-discharge nozzle throuvgh a rotameter having a range
of 100 to 500 pourds per howr. The same rotameters, in the same
relative positions, were used for both bench and engine studies. In
order to place the rotameters in a reasonably quiet and vibration-
free location, 1t was necessary to use in each branch approximately
100 feet of Hubing to comduct the fuel from the control to the
rotameters and back to the engine. The 1/4-inch tubing used caused
an average preassure drop through the tubing and fittings of 175 pounds
per square inch at & line flow of 320 pounds per hour; the variation
from the average pressure drop among the lines wes approximately
50 pounds per square inch. The arrangement is shown in the sketch
of figure 7. The control mounted on the engine is shown in figure 8.

PROCEDURE

Pilot-resistance-valve settings. - During the bench runs, the
pilot resistance velve and the engine Ffuel nozzles dilscharged to the
same pressure (atmospheric). The pilot resistance valve was adjusted
in these runs to have a resistance approximstely equal to the nominal
rating of the engine fuel nozzles. During the engine runs, the
pilot resistance valve dlscharged against atmospherilc pressure
whereas the engine fuel nozzle dlscharged agalnst carbuatlon-chamber
pressure. In order %o compensate for this difference, the pilot
resistance valve was adjJusted to a greater reslistance during the
engine runs then during the bench runs.




4 SoraTm——g- NACA RM Ro. E8AZ28a

Bench operation. - The bench runs were divided into two parts.
The firast part consisted of a check of the individual control
elements to determine the ranges of ocompensation for variation in
nozzle or norzzle-line reslstance. This check was made by con-
necting a needle valve to the ocutlet of one control element at a
time, as described in the section entitled "Bench spparatus.” The
fuel pressure to the control was kept constant and the open area
of the needle valve was varied, At each increment of the needle-
valve opening, the readings of the rotameter and of the pressure
gage in that line were recorded.

The second part of the bench runes consisted in checking the
performance of the entire fuel-distributlion control. The over-all
performance was checked by setting up a condition of unequal noz-
zle reasistance. The control was connected to a set of umnmatchod
fuel nozrles, which were selected to give & difference in flow
among the nozzles of £10 percent when connected to a common man-
ifold (equal pressure drops across the nozzlea). The total fuel
flow to the fuel-distribution control was set at several values
between 470 and 4500 pounds per hour. At each flow setting, the
14 rotameter readings were recorded.

Engine operation. - The engine speed was set at several values
between 70 percent of maximum speed and maximum speed. At each
speed setting,the 14 rotameter readings were recorded.

RESULTS AND DISCUSSION

Pilot-resistance-valve ssttings, - The use of different pilot-
resistance~valve settings during bench and engine runs was a lab-
cratory expedient rather than a practical solution of the problems
Involved. Two methods have been considered that permit a single
pilot-resistance-valve setting to satisfy all conditions of engine
cperation. In the first method, the pllot asystem replaces one of
the control elements and an engline fuel nozzle is uaed as the pillot
nozzle. This method was not employed because of the extremely long
fuel lines required in this engine setup, in which the variation in
line resistance woculd have made the pllot resistance uncertain. In
the second method, the pilot resistance valve discharges through a
preasure-regulating valve vented to a combustion-chamber from which
the fuel returna to the tank. The simple expedlent of adJusting the
pilot nozzle to & higher resiatance was & satisfectory approximation
to the second method for sea-level static engline operation.

Instrument accwracy., - It was a primary object of this Investi-
gation to determine the accuracy that could be ocnslstently achleved
with the fuel-distribution control; therefore, the accuracy of flow
measurement was an Iimportanf, qongideration. A simultanecus cali-
bration was made of the fourteen 100- to 500~-pound-per-hour rotameters

(e
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by commecting them in series; the process was repeated wlth the 15- to
150-pound-per-hour rotameters. Continuous readings at constant flows
showed that the 100~ to 500-pournd-per-hour rotameters were subjJect to
changes In readings of £5 pounds per hour among rotameters over the
entire range and that the 15- to 150~-pourmd-per-hour rotameters were
subJect to changes In readings of +1.5 pounds per houwr. In addition
to these normel variations, the rotemeters were subJect to change in
calibration due to varlations 1n the friction between float and
guide. Continual checking of 28 rotameters would have consumed an
excessive amount of time; therefore, rotameter calibrations were
checked only when float-stlcklng occurred.

All data shown are observed rotameter values end therefore include
these possible errors. Because of the random nature of these errors,
it would have been posslible to select one run ocut of several In which
the fuel-distribution-control error appeared to be smaller or larger
than shown 1n the figures. The data shown 1ln the figures for the
bench runs are representative of the accuracy that was conslstently
attalned, using a precallbrated set of rotameters In which the floats
were knowmn to be free.

determined from the bench runs is shown in figure 9. The data points

" shown are the flows and pressures recorded as described in the sec-

tion entitled "Bench operation™. The pressures glven at each datum
point of runs 1, 2, and 3 are the pressures to the needle valve
that were automatically adjusted by the control 1n order to maintain
the constent flow through the needle valve at its varlious settings.
At & pressure of zero gage In figure S, the needle valve was at its
maximum openlng and was equivalent to an open line. It can be noted
that up to the polnt at whilch the flow rapldly diminishes, which is
the pressure at which the downstream pressure-regulating valve
wlthin the control element reaches its maximum opening, the flow

ie for all practlcal purposes independent of nozzle resistance., The
s0lid curve drawn through these mexImum-pressure points represents
the calibration curve of the fuel nozzle with the highest resistance
that can be controlled by the distributlion-control model used in
thls investlgation, Any set of nozzles whose calibration curves
fall within the shaded area in figure 9 would glve uniform fuel
distribubtion when used with this control model. A mathematilcal
analyslis of this control range 1s given In the appendix, The
dashed curve shown in figure 9 1s the cslibrationcurve of the

pilot resilstance valve and 1s equal to the nominal rating of the
engine fuel nozzles. At all flows, the pressure of the 80114 curve
is 1.46 times the dashed curve,
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The performance on the bench of the fuel-distridbution control
where the flow to 14 unmatched nozzles is controlled is shown in
figure 10. In the range of nozzle flow between 119 and 340 pounds
per hour, the maxlimum measured devlation of any one line from per-
fect dlstribution was 2.8 percent. In the range of nozzle flow
between 33 and 119 pounds per hour, the maximum measured deviation
from perfect distribution was 7.5 percent, but it should be noted
that this is the result of a deviatlon of only 2 pounds per hour with
a possible rotameter error of 1.5 pounds.

Engine runs. - The performance on the engine of the fuel-
distribution control is shown In filgure 1l1. In all the englne
runs, the maximum measured deviation in any one line from uniform
distribution was no greater than 3.8 percent. The flow range during
englne runs was 132 to 319 pounds per hour. Because the lower range
rotameters were unavallable at the engline stand, data could not be
obtained below 100 pounds per hour.

Comparison of bench and engine rung. - A comparlson between the
bench and engine runs shows a marked eimilarity in control per-
formance not only in the numerlcal values of the deviatlions but
also in the over-all distrlbution patterns. In considering this
similarity, several factors should be kept in mind: (1) A great
difference in lline-~ and nozzle-resistance patterns existed between
the two runs; (2) in the engine runs, the control was subject to
englne vibration whereas no vibration was present on the bench; and
(3) the same 14 rotameters that were used on the bench were used in
the engine runs In the same relative positions, with the fuel-flow
values being obtalned from the same calibratlon curves.

The first factor indicates that the control-element performance
shown in figure 9, which Indicated that flow from a comtrol element
was independent of the nozzle or line reslstance, applles to the
performance of the fuel-distribution control as a whole. The second
factor indicates that accuracy of the control is unaffected by engilne
vibration. The third factor inmdicates that there may have been an
error in the rotameter-calibration curves other than the random error
end that the actual distribution may therefore have been more uniform
than that shown In figures 10 and 11, The maximum deviation obtained
in both bench and engine operation are tabulated as follows along
with the possgible random rotameter exrror:

904
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Bench run Engine run
Mean. Maximum Posgible random | Maximum Pogglible random
branch | observed rotameter error | observed rotameter error
flow deviation (percent) | deviation (percent)
(1b/hr) | (percent) (percent)
33 7.5 4,8 | =mmmeemee | mmmecccccceeaa-
67 6.6 2.2 | wmmmmmmes | mmmmemeae c—————
119 1.7 l.3 | mememmmmee | memecsececeoee-
133 ———————— % | mececccsccacea—a 1.5 3.8
183 wmmmmeane | seem——————— —— 2.3 3.1
183 2.4 2,7 | mmmmemmems | cecececmecoaea-
209 cmmmmmens | mememcmace—c———— 2.3 2.4
236 2.8 - B et B D
274 | =mmmmmeme | cecccccee—- ———— 2.4 1.8
297 2.5 1.7 | mmmmmmmes e ——meee————
319 | =mmmemeen | meemeeececac——— 3.8 1.6
340 2.5 1.5 [ e=cmemees | memeeeee- ——————

SUMMARY OF RESULTS

. From bench andi engine rune of & fuel-distribution control
designed for operation on a gas-turbine engine having 14 fuel noz-
zles, the following results were obtalned:

1. The performance of the ccntrol model on the bench and on
the engine was very nearly identical. The maximum measirsed devia-
tion from uniform distributicn during engine operaticn, considering
the richest and leanest of the 14 lines, was 3.8 percent.

2. The control model was found to be capable of malntaining
fuel dlstributicn uniform within 3.8 percent with any set of noz-
zles whose reslgtances vary from C up to 1.46 times the ncminal
resistance of the engline fuel nozzle,

Flight Propulsicn Research Laboratory,
National Advisory Cammittee for Aeronautics,
Cleveland, Chio,
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APPENDIX - ANATYSIS OF CONTROL RANGE
General Analysis

The purpose of this analysis 1s to show the relation bpetween
the varilous control elements and the control operating range. The
fuel-distribution control will function over a range of englne fuel-
nozzle resistances both larger and smeller than the nominal engine
fuel-nozzle resistance., In this analysis, the lower limlt of con-
trol range is taken as that corresponding to an open fuel line or
zero reslistance, The flow through the pilot element 1s taken as
being equal to the flow through the control element and it 1s
assumed that provislions are made for the pilot nozzle to discharge
agalnat cambustion-chember pressure. Throughout the analysis, the
canbustion-chamber pressure is the reference zero gage pressure,

The following symbol notations (see fig. 1) are used in the
analysis:

A area, sq 1n.
c coefficlent of discharge
g  acceleration due to gravity, 32.2 ft/sec?

n unit conversion factor, Sigo = 300 (sec/hr) (£t/in.)

P manifold passage pressure, 1b/sq in. gege

P, pressure of chamber A and B, 1b/sq in. gage

P, pilot resistance~valve pressure, 1b/sq in. gage
P, engine fusl-nozzle pressure, 1b/eq in. gage

AP  pressure drop, Ib/sq.in.

W  branch flow, lb/hr

p  density of fuel, 1b/cu ft

Subsgcripts:

b branch metering Jet

c fuel~distribution control

TN
Rt ok Y
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e engine fuel nozzle

m pillot mstering Jet

P pilot resistance valve

r pilot regulator Jet

v downstream pressure-regulating valve

max maximum

nin winimom

The followling constants are used to slmplify the flow equation:

1'b1/ 2

J dimensi t, nC
ensional constant, 28p oY (o

K constant in equation defining a simple pazra.'bolic flow-pressure

relation (AP = EHZ) 71.%_‘ i
7 pAC yf2gp’

X control range, K_°.

KP

Control operation. - Under any operating conditions, the pressure
relations 1n each control element and in the pilot element may be
expressed by the following equation:

(12.%) (1b)

APy, + APy + APg = APp + APy + AP, (1)

The control functions to meintein APy, Iin each control element
equal to APm in the pilot element; -therefore, when the control

is within the useful range of operatiori, each control element 1s
operating so that

APy + APg = APy, + AP (2)

The control acts by varying APv (accomplished by varying Av)
to compensate for differences in AP, (caused by variations in
the resistances of the various engilne fuel nozzles).

o
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If equal flows are to be maintained to the various engine fuel
nozzles, then the branch metering jet must be matched so that A,C,

18 equal 1n each control element, The flow through the pllot element
can be in any fixed ratio to the flow to the engine fuel nozzles by
ad justing Amcm' It 1s advantegeous, however, to make the flow

through the pllot element equal to the flow through the engine fusl
nozzles by making A,Cp = Abc‘b' This procedure avoids extremely

small Jets 1in the pilot element, as could be the cese if the pilot
flow were reduced, and simplifies the matching of the control-
element components to the pilot-element components.

Relation between control range and range of open area of down-
gtream pressure-regulating valve. - The open area of the downstream
presasure-regulating valve 1s expressed by the following equation:

L.
A = xz
v = T, ()
The pilot system controcls Pz 8o that
P, = Pz + AP,

By assuming a simple persbolic flow-pressure relatlon,

P

= AP =KPW2

3 P
P, = AP = KW°
2
APr = Krw
By substitution in equation (3),

W

Ay = J1/pr2 + KW - K W
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Simplifying,
1

=JJEI,+Kr-Ke

Ay (¢)

It can be seen from equation (4) that Av is independent of the

flow. As long as the engine-nozzle resistance Ke remains con-
gtant, the valve area A, remains constant. When K, varies,

A, must vary., If Kp and K, remaln constent, the range of values
of K, that can be compensated for by the control is determined by

the range of A‘v'

The limiting values of K, can be expressed as a multiple of
the constant Kp in which

_ex,fa_x = Npax (5)
and
Ke,l:u:l.:n.
D

By substituting equetions (5) and (5a) in equation (4), K and
¥ y can be evaluated In terms of K Kr s and Av' From which,

P’
2
K +K5-('J——l—-)
P
N .= tv,mex (6)
KP
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and 2
2t ;_é A:;Lmin)
X,

Npin = (6a)

The values of N, and Ny;, can be used to determine the range of
engine fuel-nozzle pressures P, that can be set by the control in

order to maintain equal flows.

PA!:.ma.x - Ke,ma.x

P5 Kp
and
ﬂ.r;nln - Ee.,m:.n
3 B
from which
Py mex = Mmax P3 (7)
and

- 7
P4,: N . P (7a)

If it 1s desired to extend the range of the control to zero englne-
fuel-nozzle resistance, then

P4,min =0

KN

]“=0

By substituting Nps;, = O into equation (6a),

b4
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Ay, min = %;Tf: (8)

This area 1s the reguired valve arezs at the lower limit of the con-
trol range, which occcurs at zero engine-nozzle resistance.

At a given flow, the upper limit of the control range Pi,maz: may

be increased by increasing P; or N (equation (7)}). By increas-
ing A, oo (equation (6)), N may be increased but in this case,

nm_z will increase only up toc a maximum value of

K. .ﬁ
Kp
vhere A, = o. Therefore, when K, end K,. eare set, there 1s a prac-

tical limit to the maximum area of the downstream pressure-regulating
valve,

The upper limit of the ocontrol range P4,m may be lncreased
by increasing KP and Kr s but for a given value of ‘%-,min’ increasg-

ing Kp and Kr willl ralse the lower limit Pd,,min‘

Distribution-contrel pressure drop. - The inlet pressure required

by the control will be the sum of the pressure drops through the
pillot system and is expressed in the following equation:

Pl = AP + AP, + APP (9)
assuming the simple parabolic pressure-flow relation,
APp = KpW2
2 2 2
Pl = me + xrw + pr

P) =W (K, + K, +K) (10)

Sl
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The pressure drop across the control is defined as the dif-
ference between the inlet pressure ani the nominal engine-fuel-
nozzle preassure and is therefore

AP = WP (B, + K, +K)) - WK, (nominal)

8P, = W2 (K, + Ky + K, - K, (nominal)) (11)

In the case where the pilot resistance valve 1s adjusted to
the resistance equal to the nominal rating of the engine fuel noz-
zles,

K, = Ko (nominal)

AP, = W2 (Ep + Kp) (112)

It can be seen from equation (1la) that the maximum values of
K, and K, (1imits of minimum area of branch metering Jjet A or

Ay and pilot regulator Jet A, may be finally determined by the

maximum allowable pressure drop across the distribution control.
The minimm practical Jet area from a standpoint of cavitation is
a further consideration, Very small Jets are also subJect to clog-

&ing.

Branch-metering-jet size. - There is no fixed relation between
the slze of the branch metering jet and the size of the other com-
ponents., The size 1s selected on the basls of range of fuel flow.

In the first place, the Jet must be large emough to avold cavitatlon
at the meximum flow. Secondly, the Jet must be small enough to pro-
duce a pressure drop at the minimm flow lerge enough to be controlled
accurately by the downstream pressure-regulating valve,

Application of Analysis to Control Used In this Investigation

Dimensions of downstream pressure-re T velve., - The pres-
sures and pressure drops ln the fuel-distribution control used in
this Iinvestigation,as determined from bench runs, are shown in fig-
ure 12 from which
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. 2
Kr = 0,00075

(1n.2) (1)

hrd

K = = 0,00155
P (1n.2) (1b)

hrd

= 0,000059
o (1n.2) (1b)

The basic equation of flow of kerosens through the downstream
pressure-regulating valve is

W = 17,000 Cyd, VBB,

vhere P = 49.9 1b/eu ft.

From data obtained on the valve that was used in the investigation
control model,

C, = 0.59

Then

1pY/2

From the dimensione of the valve,
.A-v,m = 0.017 Bq inc

From equation (6),

1
0.00155 + 0.00075 = )
-(0.0172 x 108

Ny =
0.00155

- L i TR ]
N 1.48

Wi



16 Sl NACA RM No. ESA28a

It can be smeen in figure 9 that the value of Nmax closely
matches the actual performance of the control.

If A were equal to infinity, then from equation (7b)
’m"x
0.00155 + 0,00075 _
ey = 0.00155 =1.48

from which it can be seen that 1little would have been geined from
use of a larger wvalve.

The minimum required valve area from equation (8) is

1
A'v,min = = 0,00208 sg in.
10,000 4/0.00155 + 0.00075

The minimum valve area with the valve construction used (fig. 1)
is determined by the clearance between the valve plunger and the
guide. There are two leakage paths, one on the top of the plunger
and one on the bottom., The maximum alloweble clearance area between
plunger and guide 1s then 0.00104 square inch. The plunger dlameter
is 0.25 inch. The maximum allowable dismetral clearance is then
0.00264 inch. The maximum diametral clearance used, which was
0.0006 inch, therefore satisfled the condition for minimum earea.

It can be seen in figure 9 that this selection 1sa Justified by
the results of the bench runs.

Branch-metering-Jet size. - At the lowest branch flow investi-
gated (53 lb7hr5, the pressure drop across the branch metering Jet
was 2,2 inches of kerosens. It is apparent from the results s 88
shown in figures 9 and 10, that this pressure drop 1s large enough
to be controlled accurately by the downstream pregauwre-regulating

valve.

Distribution-control pressure drop. - From equation (1la) s the
pressure drop across the distribution control is
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AP, = W (0,000059 + 0.00075)
APg = 0,000808 W2

The meximum flow for the gas-turbine engine used was 320 pounds
per hour per nozzle, The pressure drop across the control at maxl-
mm flow 1le then

AP, = 0.000809 X 3202
AP, = 83 1b/sq in.

REFERENCE

1. Gold, Harocld, and Straight, David M.: A Fuel-Distribution Control
for Gas-Turbine Engines. NACA RM Fo. E8C08, 1948.
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Figure 2. - Fuel-digtrlbution oootrol for gas-turblne engins hawing 14 fuel nozzlss.
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Figure 3. - Disagsemblod control element of fuel-distribution control for gas-turbine engine having 14 fuel nozzles.
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Figure 4. - 3chematio diagram of bhench apparmtus used in fuel-digtribution~control etudles.
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Figove 8. - Schematlc disgram showing fuel-diletribution control and rotameters in gas-turbins-engine fuel system.




Figure 7. - Bketch zhowing layout of oomnecting tubing used in engine runs of fosl-distribution control.
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Figure §. - Compensatlion for varylng reslstance of englne fuel
nozzle by automatic adjustment of pressure to nozzle. Fuel-
distribution control for gas-turbine engine having 1} nozzles,
each rated at L0 gallons per hour. Shaded area Iindicates
range of controllable nozzle callbrations.
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Branch fuel flow, 1b/hr
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Figure 10. - Deviation from mean fuel flow at various flows during
- bench runs with unmatched nozzles obtalned with fuel=dlstribution
control for gas-turbine engine having 1l nozzles each rated at
L0 gallons per hour.
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Pigure 12. - Pressure drops and pressures in fuel-dlstrlbution control for

gas-turbine engine having 14 fuel nozzles each rated at LO gallons per hour.



