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57 ABSTRACT 
A device for measuring fuel flow to a power plant such 
as a turbo fan engine with a very high degree of accu 
racy, for example, t0.5%. A tubular flow loop having 
quick disconnect fittings for detachably connecting the 
loop between the aircraft fuel system outlet and the 
engine fuel inlet is disclosed. Two specially calibrated 
mass flow transmitters are arranged in series, each pre 
ceded by a straight section of piping having a preferred 
given length to diameter ratio. Preceding each of the 
two straight pipe sections is a honeycomb flow straight 
ener and three in-series perforated plates for removing 
any effects of upstream flow characteristics from the 
transmitters. 

33 Claims, 8 Drawing Figures 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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1. 

FLOW MEASUREMENT DEVICERIGHTS OF THE 
GOVERNMENT 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
for all governmental purposes without the payment of 
any royalty. 

BACKGROUND OF THE INVENTION 

The following invention relates generally to devices 
which measure the flow rate of fuel to an engine. More 
particularly, a flow loop is provided immediately pre 
ceding the fuel intake of an aircraft engine, the loop 
having first and second mass flow measuring devices 
which are averaged periodically and provide a visual 
display for a technician who is in the process of trim 
ming fuel usage on the particular aircraft engine. 

Mistrim of the total fuel flow in an F 15/F100 or F 
16/F100 engine can cause engine augmentor blowouts, 
hard lights, stalls, and stagnations. With respect to over 
trim, premature augmentor liner distress can also occur; 
in the event of undertrim augmented thrust is reduced. 
To insure reliable augmentor operation, augmentor 

liner durability and performance, the engine manufac 
turer (Pratt & Whitney Aircraft) has defined a require 
ment to trim the F 100 engine total fuel flow to an 
accuracy of -0.5%. Current systems provide an esti 
mated accuracy of 2.5% to 6.5%. Thus, a strong need 
exists to trim aircraft engines with the accuracy delin 
eated hereinabove to preclude the possibility of mistrim 
as set forth above. 
The practice of placing flow meters in pipe lines 

supplying liquid is quite common. However, the known 
techniques can be characterized in that they are either 
relatively inaccurate or when having the requisite accu 
racy, are too dependent on parameters not readily con 
trolled in any place other than a laboratory setting. For 
example, whereas high accuracy volumetric flow me 
ters are available, these engines consume fuel on a mass 
basis and therefore conversion to mass flow is neces 
sary. The conversion process requires a density measure 
of the fluid and cognizance of the temperature depen 
dence of the system, rendering a conversion procedure 
difficult unless performed with stringent controls not 
readily available in the field. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

Accordingly, this invention has an objective the pro 
vision of a new and novel flow measurement device. 

It is another object of this invention to provide a 
device as characterized above which is readily remov 
ably installable just prior to the conventional fuel intake 
of the engine, that is, the "teeing-in' of the measure 
ment system into an already existing fuel system while 
not compromising the accuracy of the flow measuring 
device thus interposed. 

It is yet another object of this invention to provide a 
device as characterized above which can be installed on 
either side of an aircraft. 

It is a further object of this invention to provide a 
device as characterized above which can achieve 
0.5% mass flow measurement accuracy without diffi 

cult supporting measurements of such quantities as fuel 
specific gravity. 

It is a still further object of this invention to provide 
a device as characterized above which has built-in sys 
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tem redundancy and self treating so that the accuracy of 
the mass flow measurement device according the in 
stant application can be continuously monitored in use 
respectively for its own accuracy and internal integrity. 
More particularly, an instrumentality has been pro 

vided in which the normal flow path from the onboard 
fuel storage area is interrupted immediately preceding 
the engine by "teeing-in" a flow loop which incorpo 
rates two calibrated mass flow transmitters in series, 
each transmitter preceded by an instrumentality for 
assuring minimal upstream flow condition sensitivity 
with respect to straight flow and eddies. The system 
consists in one form as a loop of substantially U-shaped 
configuration having a bight portion and first and sec 
ond legs, extremities of which are provided with quick 
disconnect couplings to plumb into the existing fuel line. 
Thus, fuel flows into the inlet through one of the legs. 
Immediately preceding the bight portion a first flow 
transmitter is provided which benefits from a length to 
diameter ratio of the leg of at least ten. The bight por 
tion includes a thermocouple for bias calibration, an 
instrumentality for draining the loop in an expeditious 
manner, and the return leg of the loop is provided with 
a second flow transmitter immediately upstream of the 
exit coupling. Instrumentalities are provided in the legs 
of the U-shaped flow loop to render uniform the flow 
characteristics at each flow meter. An instrumentality is 
provide which averages readings obtained in each flow 
meter as a function of time, and a deviation of each 
meter from the average is also displayed for assuring the 
integrity of the system. 
A particular object includes providing an instrumen 

tality which comprises a flow path, a mass flow trans 
mitter disposed in said flow path, and means for altering 
a pattern of fluid flow in a section of said flow path 
immediately preceding said transmitter, whereby fluid 
entering said transmitter is substantially constant in flow 
rate and uniform in character to provide accurate flow 
easurement. 
A further object includes providing an instrumental 

ity as set forth immediately above which assists in trim 
ming fuel flow in an aircraft engine or the like by moni 
toring fuel mass flow rate just prior to introduction into 
the engine comprising in combination: a flow loop pro 
vided with means for removable connection to an exist 
ing engine fuel line so that said flow loop is interposed 
in said fuel line, fuel flow measuring means in said loop 
reflecting fuel mass flow rate admitted to the engine to 
aid in engine trimming, and means for standardizing fuel 
flow characteristics upstream of said fuel flow measur 
ing means. 
A further object includes providing an instrumental 

ity as set forth immediately above which includes a 
mounting bracket for a fuel flow measuring device con 
prising in combination: first and second portions, means 
for interconnecting said portions, said first portion of 
inverted U-shaped configuration including means for 
depending from an aircraft structure, said second por 
tion including shackle means for constraining said de 
vice thereto. 
A further object includes providing an instrumental 

ity as set forth immediately above which includes a 
method for trimming an aircraft engine with respect to 
fuel use including the steps of interposing a flow loop in 
the normal fuel flow path to the engine, providing the 
flow loop with a pair of flow measuring devices, stan 
dardizing the flow rate and characteristics of fuel up 
stream each flow measuring device, averaging the read 
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ing of the pair periodically, and displaying the obtained 
average. 
A further object includes an instrumentality as set 

forth immediately above which includes in a fuel trim 
ming device for an engine: display means adjacent the 
engine reflecting engine mass flow rate and means oper 
atively connected to said display means and removably 
connected to a source of fuel supplied to and immedi 
ately preceding the engine for monitoring the mass flow 
rate. 

The objects stated above and other related objects 
will become evident when considering the following 
detailed specification when taken in conjunction with 
the appended drawing figures. 

BRIEF DESCRIPTION OF THE DRAWINGs 
FIG. 1 is a perspective view of the flow loop appara 

tus according to the present invention. 
FIG. 2 is an end view of the support bracket associ 

ated with the flow loop for expeditious and facile instal 
lation and removal of the device from the aircraft. 
FIG. 3 is a sectional view taken along lines 3-3 of 

F.G. 1. 
FIG. 3A shows a portion of a component of FIG. 3 

removed from the loop and unraveled. 
FIG. 4 is a sectional view taken along lines 4-4 of 

FIG. 1. 
FIG. 5 is a side view of the apparatus disposed in situ. 
FIG. 6 is a bottom plan view schematically showing 

the apparatus on either side of the aircraft. 
FIG. 7 is a block diagram correlating the flow trans 

mitters with a display for use with the aircraft. 
DETAILED DESCRIPTION OF THE 

PREFERRED EMBOOMENT 

Referring now to the drawings, wherein in like refer 
ence numerals refer to like parts throughout the various 
drawing figures, reference numeral 10 is directed to the 
mass flow measurement device according to the present 
invention. 
More particularly, the mass flow measuring device 10 

includes an inlet 1 defined as a production quick con 
nect coupling and is preferably provided with an "O"- 
ring to enhance sealing. It should be equally clear that 
the inlet coupling can be a flanged coupling, a threaded 
coupling with an associated gasket or "O"-ring, or a 
biased typed sleeve coupling having a spring and ball 
detent as is known in the connector art. 
The inlet 1 allows fluid communication with a flow 

loop having a substantially U-shaped configuration 
when viewed from a top plan view thereof. More par 
ticularly, the inlet 1 communicates with a first leg 2 
which is substantially linear, circular in section, and 
precedes a first transmitter 6 located immediately adja 
cent a bight portion 7 of the mass flow measurement 
device 10. The first leg 2 is formed as a straight section 
and preferably has a length to diameter ratio of at last 10 
so that fuel flow therein is substantially linear along its 
length. To augment and enhance the substantially linear 
flow, a first flow straightener 3 has beeen provided at a 
distal end of the first leg remote from the first transmit 
ter 6 and nearer the inlet. As shown in FIGS. 3 and 4, 
the first transmitter 6 is preceded by a straight section 
three inches in diameter and 30 inches long to provide a 
length to diameter ratio of 10. At the entrance to the 
straight leg section 2, a cylindrical honeycomb flow 
straightener 4 is provided. The straightener reduces 
velocity profile effects and relieves the associated in 
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4. 
strumentalities from any upstream influences that may 
exist. The honeycomb is rolled to form a spiral. When 
fabricated prior to rolling and insertion into the leg 2, a 
rectangular blank is used which in section (FIG. 3A) 
has a serpentine corrugated configuration. Once placed 
in the leg 2, it is fixed in position by a strap 32 to prevent 
rotation. Downstream of the honeycomb straightener, 
three perforated plates 5 are spaced one from the other 
at a linear distance corresponding to the diameter of the 
pipe so that two mixing chambers are provided between 
the plates. The three plates act as turbulence generators 
to provide more uniform inlet flow conditions to the 
flow meter. 
Downstream of the first transmitter 6, the bight por 

tion 7 of the flow loop is provided with at least one 
drain plug 9 and, in a preferred form, dual redundancy 
temperature sensors embodied as thermocouples 8 for 
monitoring fuel temperature. The bight portion 7 there 
after communicates with the second leg 12 of the mass 
flow measurement device 10, the second leg including a 
second flow straightener 13 similar to the flow straight 
ener 3 associated with the first leg. More particularly, 
the second leg 12 has, at an end adjacent the bight por 
tion 7, the second flow straightener set including the 
cylindrical honeycomb 14 and three perforated plates 
15 which are spaced one from the other by one pipe 
diameter. 
A distal end of the second leg 12 remote from the 

bight portion 7 is equipped with a second flow transmit 
ter 16. Downstream of the second transmitter is an 
outlet 18 adapted to be received by a fuel intake conduit 
immediately preceding the engine. The outlet 18 in 
cludes a quick disconnect coupling similar to the pro 
duction coupling of the inlet 1. Each section of the loop 
preceding inlet 1 and outlet 18 may include swivels and 
seals for orienting the device 10 on both sides of the 
aircraft (FIG. 6). Each fuel flow transmitter 6 and 16 is 
a known production type transmitter manufactured by 
General Electric bearing part number 8TJ62GCA3. 
Briefly, the flow meter yields a synchro angle output 
that is proportional to the mass fuel flow and is gener 
ally converted to pounds per hour units. These outputs 
can be readily observed on an angle readout device and 
can thereafter be electronically averaged and converted 
to mass flow units. 
The perforated plates 5 and 15 as shown by the sec 

tional view 4 have a plurality of apertures designed to 
pass fifty percent of the available flow therebeyond at 
any given time. That is to say, the plate defining the 
apertures cover 50% of the total area of the available 
cross sectional area. 

Immediately downstream from the second flow 
transmitter and preceding the outlet 18, a cooling tap 
and associated flexible line 17 is provided to supply fuel 
for cooling the Engine Electronic Control as is re 
quired. A drain plug 9 is provided immediately adjacent 
the inlet and outlet as well as the bight portions 7 to 
facilitate drainage of the system. 
The mass flow measurement device is supported in 

depending relation from the aircraft being monitored, 
the mounting brace 20 associated therewith having a 
mounting brace first section 23 and a mounting brace 
second section 24. More particularly, the mounting 
brace first section 23 includes a horizontal support rod 
26 upon which is disposed first and second leg support 
braces 22 having a curved top surface adapted to re 
ceive the first and second legs 2 and 12 respectively of 
the mass flow measuring device. The legs 2 and 12 are 
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further constrained by means of first and second leg 
support caps 21 overlying the leg support bases 22. 
Suitable fasteners are associated therewith to preclude 
unwanted migration of the legs 2 and 12. The first sec 
tion 23 includes upwardly extending tangs 27 at extrem 
ities of the horizontal support rod 26. These tangs 27 
support in turn the mounting bracket second section 24 
which is adapted to depend from the aircraft structure 
in general and a door support bracket in particular. The 
mounting bracket second section 24 includes a horizon 
tal member 28 fastened to the aircraft and a vertical leg 
29 allowed to be placed in registry with one tang 27. 
Another leg 30 on an end of the horizontal leg 28 re 
mote from the vertical leg 29 has a downwardly and 
outwardly angulated linear portion thereafter bending 
into a portion substantially vertical and parallel to the 
vertical leg 29. This leg 30 also overlies the other of the 
two tangs 27. Overlapping sections of the tang and legs 
29 and 30 are interconnected by means of fastening 
knobs 25 having threaded shaft adapted to be thread 
edly secured through bores on the legs and tangs to 
accomodate these knob shafts 25. Actual installation 
time for this device 10 ranges between twenty to thirty 
minutes. A support pallet 33 may be provided in under 
lying relationship to the device 10. 
FIG. 7 depicts a block diagram of the transmitters 

and temperature sensors which are operatively coupled 
to provide readouts at a remote location, perferably 
adjacent the engine being trimmed so that technicians 
can benefit from data displayed on an instrumentality 
driven by the transmitters and sensors. More particu 
larly, it is desired that the transmitters be initialized by 
calibration to compensate for the fuel temperature per 
ceived by the temperature sensors 8. Each transmitter 
samples the fuel flowing therethrough at the rate of 48 
times per second, and this data is stored for an average 
display periodically. In a specific embodiment, the sam 
ples taken at one or nine second time periods are dis 
played to respectively reflect transient position and 
engine trim position. Values generated from the first 
and second transmitter are displayed as an average 
wherein the readout of each transmitter is added and 
divided by two. In addition, it is desired to provide a 
further display reflecting the difference between the 
transmitter 6 and transmitter 16 and the associated alge 
braic sign therewith to be assured that the average read 
out is not the result of two widely disparate readings. 
The display device includes a built-in test (BIT) fea 

ture which when activated generates a known synchro 
input angle and a 400 Hz reference input to both trans 
mitter processors such that a known output on the dis 
plays can be obtained and the time between update 
indications can be verified, as well as the offset opera 
tion (difference). 

In use and operation therefore, the mass flow mea 
surement device 10 is first suspended from a support 
structure from the aircraft. Typically, the mounting 
brace 20 is dependent from a door structure of the airs 
craft and the mass flow measurement device including 
the closed loop is disposed in a substantially horizontal 
plane. The normal path of the fuel flow from an on 
board storage site to the engine is interrupted immedi 
ately preceding the engine and is connected to the mea 
surement device 10 as described hereinabove. The de 
vice is thereafter operated with initialization as dictated 
by the thermocouple 8 and the built-in tester. The tech 
nicians, utilizing the output data derived from the aver 
age from the two transmitters, are readily capable of 
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6 
trimming the engine well within the manufacturer's 
specification to obviate the problems associated with 
under and over trimming during the augmented thrust 
power settings. 
Moreover, having thus described the invention it 

should be apparent that numerous structural modifica 
tions are contemplated as being a part of this invention 
as set forth hereinabove and as defined hereinbelow by 
the claims. 
What is claimed is: 
1. A flow measurement device comprising in combi 

nation: 
a flow path, 
a mass flow transmitter disposed in said flow path, 
and 

means for altering a pattern of fluid flow in a section 
of said flow path immediately preceding said trans 
mitter, 

whereby fluid entering said transmitter is substan 
tially constant in flow rate and uniform in charac 
ter to provide accurate flow measurement. 

2. The device of claim 1 wherein said altering means 
includes a flow straightener preceding said mass flow 
transmitter including a corrugated material rolled into a 
spiral disposed in said flow path. 

3. The device of claim 2 wherein said corrugated 
spiral is held in a fixed position in said flow path. 

4. The device of claim 2 including at least one perfo 
rated plate downstream from said altering means for 
further fluid flow conditioning, said perforated plate 
interposed between said mass flow transmitter and said 
altering means. 

5. The device of claim 4 wherein two said perforated 
plates are provided between said altering means and 
said flow transmitter, one said perforated plate spaced 
from the other to define a mixing chamber therebe 
tWee. 

6. The device of claim 5 wherein three said perfo 
rated plates are provided, said third plate spaced from 
said first and second plates to define two mixing cham 
bers. 

7. A device for assisting in trimming fuel flow in an 
aircraft engine or the like by monitoring fuel mass flow 
rate just prior to introduction into the engine compris 
ing in combination: 
a flow loop provided with means for removeable 

connection to an existing engine fuel line so that 
said flow loop is interposed in said fuel line, 

fuel flow measuring means in said loop reflecting fuel 
mass flow rate admitted to the engine to aid in 
engine trimming, 

and means for standardizing fuel flow characteristics 
upstream said fuel flow measuring means. 

8. The device of claim 7 wherein said standardizing 
means includes a flow straightener preceding said mass 
flow transmitter including a corrugated material rolled 
into a spiral disposed in said flow path. 

9. The device of claim 8 wherein said corrugated 
spiral is held in a fixed position in said flow path. 

10. The device of claim 8 including at least one perfo 
rated plate downstream from said standardizing means 
for further fluid flow conditioning, said perforated plate 
interposed between said mass flow transmitter and said 
standardizing means. 

11. The device of claim 10 wherein two said perfo 
rated plates are provided between said standardizing 
means and said flow transmitter, one said perforated 
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plate spaced from the other to define a mixing chamber 
therebetween. 

12. The device of claim 11 wherein three said perfo 
rated plates are provided, said third plate spaced from 
said first and second plate to define two mixing cham 
bers. 

13. In a fuel trimming device for an engine: display 
means adjacent the engine reflecting engine mass flow 
rate and means operatively connected to said display 
means and removably connected to a source of fuel 
supplied to and immediately preceding the engine for 
monitoring the mass flow rate. 

14. In the fuel trimming device of claim 13 wherein 
said means for monitoring the mass flow rate includes a 
flow path, a mass flow transmitter disposed in said flow 
path, and means for altering a pattern of fluid flow in a 
section of said flow path immediately preceding said 
transmitter, whereby fluid entering said transmitter is 
substantially constant in flow rate and uniform in char 
acter to provide accurate flow measurement. 

15. The device of claim 14 wherein said altering 
means includes a flow straightener preceding said mass 
flow transmitter including a corrugated material rolled 
into a spiral disposed in said flow path. 

16. The device of claim 15 wherein said corrugated 
spiral is held in a fixed position in said flow path. 

17. The device of claim 15 including at least one 
perforated plate downstream from said altering means 
for further fluid flow conditioning, said perforated plate 
interposed between said mass flow transmitter and said 
altering means. 

18. The device of claim 17 wherein two said perfo 
rated plates are provided between said altering means 
and said flow transmitter, one said perforated plate 
spaced from the other to define a mixing chamber there 
between. 

19. The device of claim 18 wherein three said perfo 
rated plates are provided, said third plate spaced from 
said first and second plate to define two mixing cham 
bers. 

20. A method for trimming an aircraft engine with 
respect to fuel use including the steps of: 

interposing a flow loop in the normal fuel flow path 
to the engine, 

providing the flow loop with a pair of flow measuring 
devices, 

standardizing the flow rate and characteristics of fuel 
upstream each flow measuring device, 

averaging the reading of the pair periodically, and 
displaying the obtained average. 
21. The method of claim 20 including determining the 

difference between the readings of each of the flow 
measuring devices and displaying the difference be 
tween the pair when the average of the pair is being 
displayed. 

22. The method of claim 21 including initially testing 
the calibration of the flow measuring devices for accu 
racy. 

23. The method of claim 22 including correcting the 
reading of the mass flow measuring devices for temper- 60 
ature. 

24. The device of claim 6 wherein said flow path is of 
substantially U-shaped configuration including first and 
second legs, a bight portion therebetween, distal ends of 
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8 
said legs remote from said bight portion provided with 
means for removably fastening said flow path to the 
fluid and a second said flow straightener preceding a 
second said transmitter both provided in said second 
leg. 

25. The device of claim 12 wherein said flow loop is 
of substantially U-shaped configuration including first 
and second legs, a bight portion therebetween, distal 
ends of said legs remote from said bight portion pro 
vided with means for removably fastening said flow 
loop to the fuel and a second said flow straightener 
preceding a second said transmitter both provided in 
said second leg. 

26. The device of claim 19 wherein said flow path is 
of substantially U-shaped configuration including first 
and second legs, a bight portion therebetween, distal 
ends of said legs remote from said bight portion pro 
vided with means for removably fastening said flow 
path to the fuel and a second said flow straightener 
preceding a second said transmitter both provided in 
said second leg. 

27. The device of claim 26 wherein said bight portion 
includes temperature sensing means coupled to said 
transmitter for biasing and means along the flow path 
for fluid drawing. 

28. The device of claim 25 wherein said bight portion 
includes temperature sensing means coupled to said 
transmitter for biasing and means along the flow loop 
for fuel drawing. 

29. The device of claim 24 wherein said bight portion 
includes temperature sensing means coupled to said 
transmitter for biasing and means along the flow path 
for fuel drawing. 

30. A mounting bracket for a fuel flow measuring 
device comprising in combination: 

first and second portions, 
means for interconnecting said portions 
said first portion of inverted U-shaped configuration 

including means for depending from an aircraft 
structure, said second portion including shackle 
means for constraining said device thereto. 

31. The device of claim 6 including a mounting 
bracket for a fuel flow measuring device comprising in 
combination: first and second portions, means for inter 
connection said portions, said first portion of inverted 
U-shaped configuration including means for depending 
from an aircraft structure, said second portion including 
shackle means for constraining said device thereto. 

32. The device of claim 12 including a mounting 
bracket for a fuel flow measuring device comprising in 
combination: first and second portions, means for inter 
connecting said portions, said first portion of inverted 
U-shaped configuration including means for depending 
from an aircraft structure, said second portion including 
shackle means for constraining said device thereto. 

33. The device of claim 19 including a mounting 
bracket for a fuel flow measuring device comprising in 
combination: first and second portions, means for inter 
connecting said portions, said first portion of inverted 
U-shaped configuration including means for depending 
from an aircraft structure, said second portion including 
shackle means for constraining said device thereto. 
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