
“AD—A045 226 NATIONAL •~ A~ 1 N FA;L~~Ta 5  EKPERIMCNTAL CENTER *tL~~~TC F/s 21fl
EXPLRIMEP4 tA _ SCALING OF MOLIFIED FUEl. PRE*t*.(U
*1.10 77 1 L EXL ~JND

WICLASSIFIED FAA —N A—’ 7—3$ F A A—Q D—77—1 1k NL

~ n~nstoua
DI

E

~;t~ 7

I

p /



to ~~II~I~ ~~
~~ Ot~~

2

ii 
_________ 

IItII~°
(~II

L8

1(1(1’ ~ (IIi(~ nuI~
MICROCOPY RESOLUTION TEST CHART

NATIo NAL BUREAU I~I STANT AA DS



~~~~~~~~w -W

~~~~~~~~~~~

Report No. FAA RD 11-114

~ EXPERIMENTAL SCALING OF MODIFIED FUEL BREAKUP

Thor I. Ekiund

I.,.
1A

~IS O~ iJ ED (
~

AUGUST 1911 ~~~~~ 
I
~~~flOCT 17 1911

~~~U~~~L5UUI5U
INTERIM REPORT

Document is avai lable to the public through the
National Technical Information Service

Springfield, Virginia 2215)

• 0- Prepared for

~ U. S. DEPARTMENT OF TRANS PORTATION
FEDERAL AVIATION ADMINISTRATION
Systems Rese arch & Developleftt Serv ice

Washington, D.C. 20590 

— 
~~~~~~~~~~~~~~~~~~~~ ~~~~~~ 

—-. ~~~ ~~~ ~~~~. j  ~ .~~~~ ..•. -



NOTICE

This document is disseminated under the sponsorship
of the Department of Transportation in the inter est of
in.formation exchange. The United States Government
assumes no liability for its contents or use ther eof.



r — . -

~~~~~~~~~~~~~~~

—

~~~~~

—

~~~~~~~~~~~~~~~

/ “ T.chnica l kiport Docum .ntation Pag.
1. Report No,(.._ . . - 2. Gov.rnm.nt Ac cessi on No. 3. R.c.p~.nt s Catalog No.

~~~~~~~~ 7-ll~~ 17
4. TitI. and Subtitle .• -

~ 5. ~~~~ ,t Da~e

1~~ E PERI1IENTAL SCALING OF MODIFIED FUEL BR UP~~
/
~~~ ~~~~

- 
~~~ Per an~~~~,on Cod e

_______________________________________________________________________________ 8. Performing Organizat ion Report No.
7. Aotho ~ jL. /

LTh0~~~ ./~~
lund J ~9 FAA-NA_77_34 ) ~~-

9. Performing Or anizatien Nam. and Addres s 10. Work Unit No. (TRAIS)
Federal Aviation Administration
National Aviation Facilities Experimental Center .-‘~~ 

~~ Contract or Grant No.
Atlantic City, New Jersey 08405 181-520—100

13. lyp. of R.port and Period Cove red
12. Sponsoring Agency Name and A 4dress - -.~ f,’ 

— . - -

U.S. Department of Transportation ‘ ‘, ) _— -
~ Interim —

‘

Federal Aviation Administration .._ -
~~~~~~~ ‘ ,F I Jul1 ~~75 - Nov —

Systems Research and Development Service ‘ j  14 . ~po~~oring ~~ e y CiJ ’~~~~~~
Washington, D. C. 20590

15. Supp lementary Notci

16. Abstract

A small—scale test configuration was developed for modified fuel breakup and
ignition testing. The configuration consisted of a 1/4—inch fuel delivery tube
within a 1—inch air atomization pipe followed by a deceleration cone. Photo-
graphic evaluation required design of a unique fuel spray photographic chamber
which has the capability of photomicrographic, schlieren, and stroboscopic photo-
graphic techniques. The chamber employs positive pressurization with diluent air
to prevent spray recirculation and fuel deposition on optical components. The
spark photographs proved that the breakup phènonomen can be scaled down without
obliteration of the dominant rheological effects. Motion pictures of ignition
show the same flammability behavior shown in larger scale tests. It is concluded
that the concentric tube atomization technique provides a practical method for
comparative evaluation of modified fuels on a small sca1e.~ \ D D C

r r ~~~ Thfl~~~r ~~~~~
-

~~~~~~~~
. H\ E1~ 17

B
17 . Ke Words ii . Dist. ibu~,an St.t.qeent
Modiked Fuel Document is available to the public through
Antimisting Fuel the National Technical Information Service ,
Fuel Spray Springfield , Virginia 22151
Ignition
Scaling
19. Securit y Clas si f . (of this report) 20. S.cvrity Cis s eif . (.f thu p. .) 21. N.. of P~~ es 22. Pnce

Unclassif ied Unclassified 24

Form DOT F 700.7 (8 72) R.production .1 comp l.t.d p.q• auth.rlz.d

/ T ~ .:~~
_

-~~- .~~~~~~~~~ —1_----- _~~~—~~~ ~.. -



- 

L~~~~~L~~

j E 5 ~~~~.f

i-n -
~~~~

I1I~ iii ~

~ ii .1hiH UD 61 i-n.m ~~~-

~1 
-

~~~~~C
~~~~~ E E ~~~ ~~ E~~ 2 ~ g.. 

~~~~~~~
_“E ’E

Z~ It Ot 61 St LI 91 SI Pt £1 51 11 01 6 8 L 9 S 0 £ S

liii liii liii Ill ii) lO t ill till liii ti ll l i lt liii Ill liii liii liii lilt liii liii liii till liii lilt 1 1 1 1 1111 ti l l till l i lt t ill liii ill ! till li l i litI l 101 till till tIll t ill till lilt till 101 1111 liii

~ ~‘i’p’i’~’i’

0-~~~E~~ ~~~~~~~~ O~~~~ — ~~~~~~~— — — _
~
‘E ’E ~

-

Hi! UUJ U!

_
hi~ i~ -pU~h Ui~ I~~tiLi~ J~

I

L .~~~ —. ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ -



edx~v~ 
iv#

PREFACE

Messrs. William Neese, Irwin Block , and Louis Brown assisted in. the
- instrumentation. Mr. Joseph Cox and Mr. Francis Valleley applied the
- photographic techniques.

iii



- _ _

fl~ c~9dz,Y~ 
~
j ,e y4~a~V~r F,I,4t~~~

TABLE OF CONTENTS

Page

INTRODUCTION 1

Purpose 1
Background 1
Experimental Objective 1

DISCUSSION 2

Design 2

Controls
Photographs 3

CONCLUSIONS 5

REFERENCES 6

v

~~~~~~~~~~~~~~~~~~~~~~~~~~ -.- --- ~~- ..- .



-
. 

-- - .. ..-- - ... 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.-.-,-—..--- — - .

~~~
.-

~
-

~
--—--

LIST OF ILLUSTRATIONS

Figure Page

1 Fuel Spray Photographic Chamber 7

2 Chamber Schematic 8

3 Chamber Frontal View 9

4 Atomization Air Supply 10

5 Chamber Test Section 11

6 Manometer and Control Room 12

7 Control Table 13

8 Flow Field Downstream of Igniter 14

9 Neat Jet A Sprays 15

10 FM—9 Sprays 16

11 FM—4 Sprays 17

12 AN—i Sprays 18

13 Torch Photograph and Test Section Schematic 19

14 Burning Fuel Sprays 20

vi

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
-~~-

—-

~~

-

~~~~~~~~
- ,

~
---..-



.-•~-,.—,----- .---- ...•- ,— -~~-•-- .-~~---- .--- .--..-- .. 

~
- .- - — - - -

~~~~~~~~~~~~
--- -.-- 

INTRODUCTION

PURPOSE.

The purpose of this program is the development of a small—scale test apparatus
for comparison of the flammability of modified fuel sprays. Demonstrating the
feasibility of scaling down the fuel breakup process i8 a prerequisite to design-
ing a small—scale test. This interim report describes the design of a unique
photographic chamber for the feasibility demonstration, presents a small—scale
atomization technique, and presents photographic evidence for the validity
of the technique.

BACKGROUND.

Extensive full—scale and large—scale tests have been conducted on flammability
of sprays of antimisting fuel (references 1, 2, and 3). These large—scale
tests are heavy consumers of manpower, equipment, and time. Generally, large—
scale tests are limited in their control of test conditions where factors such
as wind and ambient temperature have an adverse effect on repeatability. In
addition, large amounts of fuel sample are required, while the availability
of these prototype fuels is limited. Small—scale tests offer significant
advantages, provided that sprays retain the characteristics found in larger
scale tests.

The majority of relevant laboratory—scale tests have been directed at studies
of fine sprays of Newtonian fuels (references 4 , 5, and 6). The methods of
spray generation (condensation, ultrasonic atomization, and pressure atomiza-
tion) are not designed to produce the coarse, nonspherlcal particles that are
characteristic of antimisting fuel breakup in an airstream (reference 3). In
addition, the scale of laboratory experiments is generally too small to accom-
modate the particle sizes produced by antimisting fuels.

EXPERIMENTAL OBJECTIVE.

The experimental objective was to develop a facility that would require
minimum fuel sample size and manpower expended , while providing fuel sprays
similar to those observed in larger scale tests. In addition, the requirements
included capability of spark photography, remote operation, and controlled
air and fuel flow rates. The experimental facility also needed the flexibility
to handle varying spray sources , as there was initial uncertainty as to the
number of trial configurations needed before simulation was achieved.
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DISCUSSION

DESIGN.

Figure 1 shows an overall photograph of the fuel spray photographic chamber.
Figure 2 shows a top view sketch of the chamber interior. The chamber is
an 8—foot by 8—foot metal chamber with a 5—foot frontal depth increasing
to 6 1/2 feet at the rear. A fuel—air mixture is fed to the chamber through
a 1—inch inner diameter pipe. Dilution air is provided by twin ducts fed
parallel to the fuel pipe. The fuel and air then pass into an exhaust duct
within the chamber. Provisions for photography include 90° double bends in
the ductwork, covers for the observation windows, black painted interior,
and caulked seams throughout.

The role of the diluent air is two—fold . By passing diluent over the photo-
graphic components, deposition of liquid fuel drops is minimized. Also, since
the blower is located upstream of the chamber, there is a slight overpressure
in the test area during operation. As a result, the diluent air entrains the
fuel spray into the exhaust duct. This prevents troublesome buildup of fuel
drops in recirculation eddies caused by jet shear. Upstream blower location
also prevents ignition of fuel by the blower as would be possible if the blower
were positioned in the exhaust duct.

Figure 3 shows the front of the chamber. The blower is a 950 cubic feet per
minute axivane fan (Joy Manufacturing model AVR 9O—70D926). Also visible is
the 12—inch circumferential bleed—off slide, immediately behind the blower.
Included in figure 3 are the control solenoids for the oxygen—acetylene igni-
tion torch, the fuel control solenoid valves, the atomization air pipe, and
the tie—in for the carbon dioxide (C02) extinguishing system. Figure 4 shows
the air supply system for the atomization pipe. Air from a facility storage
tank passes through a gate valve and then through a Flodyne valve (model l5Dl53)
prior to passage through a 1—inch flexible hose to the air atomization pipe.
A gate valve at the start of the atomization air pipe allows for presetting
the airflow rate. The atomization pipe is 57 inches long to ensure fully
turbulent flow at its exit.

The spray system and igniter are shown in figure 5. The fuel enters the atomiz-
ation pipe through a 1/4—inch tube and enters the air parallel to the flow and
in the same direction. The fuel—air mixture is decelerated in a cone of
13—inches length and 4—inche s diameter at the exit. Oxygen and acetylene
are supplied through 1/8—inch stainless steel tubing and injected side by side
to produce a steady ignition source downstream of the deceleration cone. The
oxygen and acetylene are remotely ignited by electrodes attached to a single
spark transformer (Jefferson Electric model 638—521—116). In the foreground
of figure 5 is the optical bench used for mounting the photographic equipment.
Also visible is one of the stroboscopic lights used in photographic determina-
tion of droplet trajectory and velocity. The oxygen—acetylene torch serves
as an ignition source in ignitability tests of the modified fuels, and it
has the ability to serve as a flameholder for measurement of flame speeds.
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Chamber safety features include remote operating capability, a 36—by—b —inch -

•

blowout panel in the roof, and a redundant C02 extinguishing system. After
the fuel and air are turned OFF, residual fuel may continue occasionally to
burn in the exhaust duct. A short burst of CO2 from a 5O—pou~id bottle in the
control room will usually extinguish this duct fire. An additional 50—pound
CO2 bottle is tied to the chamber roof. In the event of fire in the lower
chamber areas, the roof system can quickly flood the whole chamber.

CONTROLS.

Figures 6 and 7 show views of the control apparatus. Tests are monitored
by means of a video camera located in the spray chamber. Fuel flow is con-
trolled by pressurization of the fuel cylinder. The tank in figure 7 acts
as a pressurized reservoir. Capability for temperature measurement of diluent
air, fuel, and atomization air is provided by a strip chart recorder attached
to thermocouples. Separate ON/OFF switches control atomizer pipe air, oxygen
and acetylene, ignition spark, diluent air blower, and liquid fuel flow. The
manometer in figure 6 is connected to a pitot tube in the atomizer air pipe.
This provides a convenient means of establishing a nominal airflow rate and of
duplication of airflow from test to test.

Actual calibration of air velocities in the photographic section is done by
hot—wire anemometry. A schematic of the flow field 3 1/2—inches downstream of
the torch tip is presented in figure 8. The nominal air atomization pipe
velocity was 200 miles per hour (mi/h). Due to the offset of the cone from
the chamber centerline, there is some distortion of the flow field. - This
f low field was mapped with zero fuel flow .

PHOTOGR.APHS.

Figures 9, 10, 11, and 12 show photographs of fuel patterns from Jet A, FM—9
(Imperial Chemical Industries), FM—4 (Imperial Chemical Industries), and AN—l
(Conoco), respectively. The photographs were all taken 11 inches downstream
of the deceleration cone edge. The additives were mixed with the neat fuel
to form the following weight percentages in Jet A: 0.4 percent FM—4, and 0.2
percent AN—l. The FM—9 arrived from the Royal Aircraft Establishment as 0.3
weight percent in Avtur. The nominal atomization pipe air velocity was
200 mi/h in the top photographs and 285 mi/h in the lower photographs. The
fuel delivery rates were approximately 12 cubic centimenters per second (cm3/ s)
in these tests. What is most apparent is the decreased particle size with
increased atomization air velocity. Similarity of these photographs to those
in reference 3 indicates that the same mechanism controls the fuel breakup in
this test as in the larger scale tests previously conducted. It should be
apparent that the fuel is accelerated as it leaves the fuel tube and is
decelerated by the air as it passes through the cone.

Figure 13 shows a sketch of the test section along with a photograph of the
oxygen—acetylene ignition torch. Figure 14 shows photographs of ignition
attempts in the sprays of Jet A, FM—9, FM—4, and AN—l. Again, the ignit—
ability and flame propagation are qualitatively similar to the observations in

3
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reference 3. The Jet A burns intensely throughout the spray cone. The AM—i
shows a burning tail. This demonstrates the ease of ignitability of the AM—i
strands. However, the ease of flame spreading normal to the burning tail is
not clearly defined at this time. Both FM—4 and FM—9 sl~owed poor ignitability
in these tests. The FM—9 droplets are similar to ..he XD8132.Ol (Dow Chemical)

• droplets discussed in reference 3. There are also rheological similarities
in the behavior of the XD8132.Ol and the FM—9 .

Preliminary attempts to measure the flame speeds were made. The greatest
difficulty involves Jet A spray fires where back scattering and reflections
of radiation into the unburnt spray obliterate the flame front. A schlieren
system can be employed to provide clearer flame front definition in the
future.

4



_ _ _ _ _ _ _ _ _ _

CONCLUSIONS

Comparison of the photographs from the fuel spray photographio chamber with
earlier data from the 5—foot airflow facility leads to two conclusions:

1. The breakup phenomenon can be scaled down without obliteration of the
dominating rheobogical effects.

2. This atomization technique provides a basis for the development of a
go/no go bench scale test for modified fuel flammability.

5
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A. TEST SECTION SCHEMATIC 77-34-13a

B. IGNITED TORCH 77-34-13b

FIGURE 13. TORCH PHOTOGRAPH AND TEST SECTION SCHEMATIC
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