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DEPARTMENT OF THE ARMY
HEADQUARTERS, US ARMY AVIATION SYSTEMS COMMAND
4300 GOODEELLOW BOULEVARD, ST, LOUIS, MO, £3120-1798

REPLY TO
ATTENTION OF
}Ed
AMSAV-E A,
‘ o
SUBJECT: Directorate for Engineering Position on the Final Report of USAAEFA Cf\
Froject No. 82-05-03, Helicopter Icing Spray Svstem (HISS) Evaluation :;:
and Iumprovement ?;\
SEE DISTRIBUTION i:i
e
S
1. The purpose of this letter is to ectablish the Directorate for Engineering .
position on the subject report. The report documents Phase 3 of a three phase f:{
effort for improving the U.S. Army Aviation Engineering Flight Activicy ;}}
(USAAEFA) JCH-47C HISS. Phase 1 was completed and the structural dynamic f?i
characteristics of the JCH-47C with fiberglass rotor bladea and a modified boom o
assembly were documented in AVSCOM letter, DRDAV-DI, 7 Oct 82, subject: USAAEFA i
Report, Helicopter Icing Spray System (HISS) Boom Structure Dynamic e
Evaluation witn Fiberglass Blades, USAAEFA Project No. 82-05-1. Phase 2 was ﬁ:&
ccmpleted and the design, fabrication, installation, and flight testing of }}f
several modifications which were incorporated to improve system operation, 5}3
simplify maintenance action and correct problems areas identified in earlier }
testing were documented in AVSCOM letter, AMSAV-E, 6 Dec 85, subject: USAAEFA h
Report, Helicopter Icing Spray System (HISS) Evaluation and Improvements, o
USAAEFA Project No. 82-05-2. The preceding reports were submitted to the o
Federal Aviation Administration (FAA). This report consolidates phases 1 and 2 and fﬁ
documents the phase 3 evaluation of the operational performance and spray cloud F:-
characteristics of the HISS during the 1984 and 1985 lcing tests in support of ~$§
U.S. Army, U.S. Navy, and U.S. Marine helicopter icing tests at Duluth [
Minnesota. This report i1s being provided to the FAA as a final report per =
Article V, Paragraph C of FAA/U.S. Army Interagency Agreement Number o
DTFAC3-80-A-00199. o
.r\'.'
2, This Directorate agrees with the report con.lusions and recommendations. i-ﬁ
Additional comments are provided relative to the report paragraphs as e
indicated below:
\L
a. Plaragraph 40: The conclusions presented document significant Sﬁ

improvements made to the HISS capability in support of artificial icing tests.
Most noteworthy was the successful operations to temperature below -20°C
without encountering freeze up of the nozzles and a satisfactory spray
pattern, While the drop mass concentration is improved and the useable upper

- R
. T )

limit water flow is improved, the artificial icing cloud still does not accurately {?

reproduce the natural icing environment under all conditions. Additionally, K

the cloud dimensions need significant increases to allow immersing a complete -;}
helicopter and reduce overall test time. The current HISS configuration can }?j

only immerse the rotor systems and fuselages separately. i.
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AMSAV-8
SUBJECT: Director for Engineering Position oun the Final Report of USAAEFA
Project No. 82-05-3, Helicopter Icing Spray System (HISS) Evaluation

and Improvements

b. Paragraph 4!: The recommendations require improvements which are
beyond the capability of the current HISS. Tc provide for a HISS with a
significantly improved capability the U.S. Army Aviation Systems Command has
initiated an Improved Helicopter Icing Spray System (IHISS) program to meet
future test requirements. The IHISS is expected to be operational in 1990-1991
timeframe and will conslist of a palletized system capable of providing a spray
cloud with the following characteristics:

(1) Variable Liquid Water Content (LWC) 0.15 to 2 gm/m3

(2) Variable Median Volumetric Diameter (MVD) 10 to 50 microns
for any LWC from 0.15 to 2 gm/m

20 T 1L P R T I N AT R T -
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(3) Drop Size Distribution (0 to -25°) Natural Cloud
Spectrum.

(4) Ambient Temperature +40 to -25°C

(5) Pressure Altitude 0 to 15000 ft.

(6) Alrspeed 60 to 150 KIAS

(7) Cloud Cross-Section Size at 150 ft. 15 x 55 f¢t.
te 200 ft, from the boom

(8) Spray Endurance (1 gm/m3, 130 KIAS) 30 min,

(9) Aircraft Eudurance 2 hr.

3. The effort put forth by USAAEFA to improve the current HISS was cutstanding
and the modifications incorporated enhance the overall capability to conduct
acceptable artificial icing tests. The IHISS should improve test productivity
at least 10CZ as well as accurately duplicate natural icing conditions.
Additionally, a palletized HISS will allow rapild removal and installation

from one CH-47D to another thereby increasing HISS availability during periods
of extended aircraft maintenance.

4., AVSCOM - Providing Leaders the Decisive Edge.

FOR THE COMMANDER
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—ZPANICL M. ch ,«A
.~ Director of 1;1 eering
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INTRODUCTION

L4 BACKGROUND

1. The US Army Aviation Engineering Flight Activity (USAAEFA)
operates a modified CH-47C helicopter as an airborane spray tanker
for helicopter qualification tests in artificial iciag conditions,
The Helicopter Icing Spray System (HISS) was first used in 1973
(ref 1, app A) and has undergone numerous modifications to improve

i i

u
g - its capabilities. A dual-trapeze spray boom was incorporated in :-‘J'
¥ 1975 (ref 2), the original atomizers were replaced with Sonicore s
nozzles in 1979 (ref 3), and 2 gas-turbine bleed alr source was ;:“
added in 1981 (vef 4). Additicnal requirements were identified Lo

during the 1982 {icing season, and the US Army Aviation Systems
Command issued a test request (ref 5) to incorporate, document,
and evaluate subsequenc modifications as a three-phase effort,
Phase | of this program consisted of a boom dynamics evaluation
after an aircraft upgrade to fiberglass rotors (replacing the
metal blades) and improved forward traansmission and vibration
dampers. Phase 2 reported on modifications to the water supply
routing, emergency water jettison system, airframe maintenance
provisions, and hydraulic systems. The Phase 1 and 2 reports
are reproduced in appeadixes G and H to provide a combined over-
view of current HISS status,
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2. The objective of this program (Phase 3) was to evaluate oper-— :
atlonal performance and spray cloud characteristics of the HISS -_‘,'1
during the 1984 and 1985 icing operations in Duluth, Minnesota. :-::

DESCRIPTION r-‘;
. (o

.
3. The HISS, shown {n photo A and further described in WY
appeadix B, is Installed in a modified CH-47C helicopter (US Army :3‘
S/N 68-15814). 1t consists of an internal water tank and an
external spray boom assembly suspended benea.h the aircraft from E
a torygue tube through the carge compartment. Hydraulic actuators -‘*-\
rotate the torque fube to raise and lower the boom assembiy. The :\'.
boom is constructed of concentric metal pipe, formiang an upper and A
lower trapeze located between two outrigger sections, with an N,
overall tip-to-tip width of €0 ft. The outer pipe is the struc- i
tural trapeze and boom assembly, and 1s pressurized with bleed !
air from the aircraft engines and an av~iiiary power unit (APU). '\’3
The ianer pipe acts as the water passage. Water and bleed air *
.-re supplied to spray nozzles spaced along the bhoom to atomize ;4
‘he water and form the spray cloud. Water flow rate is controlled t:

to vary the cloud liquid water content (LWC).
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4. An aft-facing radar altimeter at the rear of the HISS allows
positioning of test aircraft at a kanown standoff distance. A
calibrated outside air temperature probe and a Cambridge dew
point hygrometer provide ambient temperature and Tthumidity
weasurement., Thermocnuples and pressure traasducers 1installed
on the boom e2ssembly allow inflight measurement of pressure and
temperature for both boom air and water while spraying.

‘fEST SCOPE

5. The phase 3 evaluation was conducted during twe icing seasoas
while the HISS flew artificial icing missions for several test
programs in the vicinity of Duluth, Minnesota (field elevation
1429 ft). HISS icing operations consisted of 45 flights from
9 January to 19 March 1984, and 28 flights from 16 Jaauary to
22 March 1985, These were flown in support of the following
eight test programs:

1984 — CH-53E Super Stallicn (Naval Air Test Center Rep't
RW-95R-84)
YEH-60A Quick Fix (USAAEFA Project No. 83-21)
UH~1H 2nd Generation Pneunatic Deicer Boot (Project

No. 23-13)

UH-60A External Stores Support System (Project No.
83-22)

UH-1H Ice Shapes aand Performance Degradation {(Project
No. 83=23)

1985 - SH-60B Seahawk (Naval Air Test Center Rep't RW-45R~85)
JU-2iA Airfoil Section Array lce Shapes (USAAEFA
Project No. 83-01)
AB~64A Apache (Project No. 84-23),

Several of these programs conducted natural icing tests duriang
the same period. Test results for the {ndividual programs are
contained in their own respective reportse. This evaluation
summarizes only the general artificial 1icing characteristics
related to HISS performance while operatiag in their support.

6. The ilISS configuretion flown used 97 nczzles iastalled oaly on
the trapeze sections. The outriggers were retalned for struc-
tural reasons but were i1solated from the water and bleed air
supply. Test conditions covered a range of pressure altitude
from 2700 to 11,400 ft, amblient temperature firom -4.,5 to -23.5°C,
and airspeeds from 80 to 124 kacts true airspeed. Water flow
rates between 5 aad 3C galloans per minute (gpm) were established
to produce LWC values from 0.22 to 1.16 gm/m3 during iciang
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_ missions. Higher flow rates (up to 50 gpm) were used specifically
: for spray cloud caiibration. Maximum loading condition used for
; takeoff was 47,900 [t gross wveight with a loagitudinal center of
gravity from fuselage station (FS) 333 (aft) to 330.5 with
1450 gallons of water and full fuel or 1650 gallcns water and
aft auxillary fuel tanks ewpty. Flight limitatioas contalaed In
the aircraft operator’'s manual (ref 6, app A) aad the airworthi-
ness release (ref 7) werec observed duriag testing.

TEST METHODOLOGY

‘ 7. The calibration aircraft used to sample the spray cloud was
a JU-21A fixed wing alrcraft (US Army S/N 66-18008) showa in
photo 8. Onboard {nstrumentation included two Particle Measuriarp
Systems, Inc., (PMS) laser spectrometers (models FSSP-100 and
OAP-2000X), a Leigh MK 10 ice detector, a Cloud Techaclogy, Inc.
LWC sensor, a8 Rosewount total air temperature probe, and a
Cambridge dew point hygrometer., The data acquisition system
fnstalled was a Small Intelligent Iclng Data System for reco ding
and processing the {astrumentation signals. The particle counting
and sizing capabilities of the PMS laser spectrometers provided
a description of drop size distributions for diameters between 2
and 300 microns, and allowed a calculation of median volumetric
diameter and LWC. A wmore detailed description of the alrcraft
and cloud measurement system is contained in appendix C, and the
data analysis techniques are described in appendix D.

Y s & & & 7

8. Operational 1icing wmissfons were generally flown at a single
test condition that was held constaat throughout a gliven mission,
while calibration flights were 1inteaded to measure a range of
spray conditions. As showa in plhouto C, artificlal {cing missions
conelsted of flying a test aircraft in formation behind the HISS
while keeping the alrcraft {fmmersed 1a the spray cloud anproxi-
mately 180 ft hehind the booms, Prior to cloud entry by the
B test afircraft, the JU-2]1A performed a cloud sampliag maneuver

(photo D) by 1mmersing the laser spectrometers Ia the densest
portion of the spray for approximately cne winute to obtain a

« 0o ¢ P O ITT T 0 S L e

N “"cloud ceatered” average measurement of LWC and drop size distri-
N bution. Flights 1{intended for cloud <calibration repeated this
: maneuver at a naumber of flow rates rangiag from 5 to 50 gpm.
g Additiona. standoff distances from 130 to 330 ft behkind the
1 booms (100 to 300 ft as measured by the aft-facing radar altim—
. eter) werce also evaluated, and vertical sweeps through the cloud
2 were performed to measure spray variation withia the plume,
; Appendix D describes the techaiques used during these various
; test procedures in more detail.
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RESULTS AND DISCUSSION

GENERAL

9. Operational performance of the HISS as aa airborme icing
simulator and characteristics of the spray cloud were evaluated
during the 1984 and 1985 icing seasons. These flights demonstra-
ted that previous spray system problems of water leakage, freez-
ing, and non-uniform flow patterns from the trapeze had been
4 reduced. No substantial change was measured 1n drop size distri-
y bution of the spray, While the cloud produced peak drop coacean-
N trations in the desired raage, it also contained a number of
N larger drops that do not normally occur in natural stratiform
clouds. As a vresult, ice formations on test aircraft showed
accordingly varied characteristics., Many aspects were quite
realistic and cempared favorably with natural accretions, to
include formatjon of "“double-horaed” non-streamlined ice shapes
on main rotor blades at -5°C.
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HISS CONFIGURATION

10. Prior to the 1984 4icing season, phase 2 of this project
incorporated various 1improvements to the HISS installation that
are fully described in appendix H. While this configuration was
current for start of the 1984 iclng season, additional changes
were made both during icing cperations and between the 1984-1985
seasonns. This section discusses these subsequent modifications
and their effects.

11. The 1nitial 1984 icing flights with the "T" shaped water
manlifolds resulted in formation of ice on the upward facing rows
of nozzles. As described in paragraph 17, the downward faciag
nozzles were not affected because of orientatioa differences and
local ailrflow effects. The water feed lines for all nozzles on
both upper rows were replaced with aluminum tubiag curved to one
side as showa 1in photo 1, appendix E. This curved tublag no
longer projected directly behind the top row nozzle bodies, and
ice formation on the water lines was eliminated.

12, One minor manifold change was made during the 1985 season.
A5 shown in photo 2, the two left wost wanifolds of ithe iower
trapeze were interconnected with flexible tubing to alleviate a
flow irregularity descr:bed in paragraph 19, This wmodification
did not significantly change the flow pattera from the outboard
manifold, and was not implemented for the corresponding manifolds

on the upper trapeze.

13. The control panel for the bleed alr APU was originally attached
to the APU enclosure forward of the spray boom torque tube, and
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could only be operated from the froat of the cargo compartment
(1984). To allow access from the spray operator's station ia the
att cabin, the panel was relocated (1985) behiad the torque tube
assembly and wouanted to the right cabin wall aear F¥§ 270, as
shown ia photo 3, This permitted combined operation of the
bleed air APU and the spray system controls by a single operator.

14. Water passages throughout the spray booms and suppert arms
initially consisted of 1-1/2 inch diameter tubing. revious
tests (app H) suggested that flow behavior at low water flow
rates (less than 10 gpm) might be improved by reducing the
size of these passages. Between the 1984 and 1985 icing season,
the tublag sections within the wupper and lower trapeze were
replaced by one iach diameter tubing, leaving the support arms
unchanged. Subsequent modifications (after 1985 icing) also
converted the remaining water passages to one iach. The smaller
passages were intended to eliminate partially filled water lines
at low flow rates, decrease delay times during flow adjustments,
and allow more uniform delivery of flow among the nozzles. The
tubing changes reduced total volume of water contained in the
boom assembly from 8.0 gallons fn 1984 to 5.8 galloas ia 1985.
With one inch tublag throughout, present volume is 3.6 gallons.

15. Rupture of bleed air hoses and malfunction of the water pump
caused recurring difficulties during operation {(para 16). To
reduce incidence of such problems, these systewms were modified
after completicn of the 1985 icing tests. The long sections
of 2 inch flexible hose coanectiag the bleed air mixer assembly
outlets with each of the boom entry points were replaced by
2 inch diameter stainless steel tubing, as shown in photo 4,
appendix E, Short hose sections remained tc connect the tubing
gaps aad accomodate line wovement caused by rotation of the
torque tube when ralsing and lowering the boom. The hydraulic
motor driving the water pump was replaced with a larger wuait
better suited for sustained operation. A thicker mounting base-—
plate was installed to improve aligament, and the type of coupling
between motor and pump was changed from one with press—-fit neo-

. prene bushings to one with sprockets and a roller chain connec-
tion. The replacement motor unit and coupliag installation are
stiown in photos 5 and &, appendix E. For comparison, the origianszl
assembly can be seen in photo 2, appendix H.
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SPRAY OPERATIONS
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16, The HISS attempted 73 icing spray flights duriag the 1984
and 1985 1cing seasons ia Duluth, Mlnaesota. Of these flights,
64 met iciag alrcraft test requiremeats as iantended. Two of the
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min

remaining nine missions were terminated prior to start of spray
because of test aircraft problems, while the other seven experi-
enced HISS equipmeat malfunctions. Water pump hydraulic
wotor fallure occurred twice, aad bleed air hose breakage
terminated five missions (four of these before icing immersion).
Under favorable weather conditions and aircraft availability, up
to four complete spray flights have been accomplished in a single
day. This section discussas various characteristics of the
system that were observed duriang operation.

17. Differences in nozzle orientation to the airstream affected
spray performance uander icing conditions. When the bcom assembly
deployed to the down and locked position, the support arms hung
from the aircraft at an aangle aft of wvertical, as shown in
photo 7, appeadix E. This argle is a functlon of rigging adjust-
ment between the tcrque tube positioning arms, hydraulic actua-
tors, and downlock struts. Some variatioan is possible whenever
the truanioa wmount assembly 1is removed and reiastalled during
maiatenance between 1iclng seasons., The aft sweep causes the
upward facing row of nozzles oa each trapeze to incline slightly
forward (into the airstream), aand the dowaward facing rows some-
what aft., The 1984 1icing season saw the first operational use
of the "T" shaped water wmaaifolds (app G), and initial flights
consistently rvesulted ia growth of small ice formations near the
atomizer tips on the upward facing rows of nozzles (photo 8,
app E). The dowanward f{acing rows remained clear. As seen closer
in photo 9, a bridge of 1ice formed between the nozzle orifice
aad the water supply tube located directly behind the nozzle
body. The local flow field behiad each upward facing nozzle
entrained some of the spray aand deposited drops ontc the water
tube. Thege froze and formed a curved 1ice column that grew
toward the nozzle orifice. The dowaward pointing nozzles faced
the airstream at a different aagle, aad the spray projected
clear of the tubing. As described 1a paragraph 11, this spray
IS impingement was eliminated by wodifying the water feed lines.
LA Future spray system designs should maintaln uniform rozzle orien-

tation to the airstream to preclude 1inconsistent atomization

characteristics between differeat groups of nozzles. -

¢ .
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- 18, Uxcept for the pheavmenva describved above, freezing aad leak-
X 1

age at the nozzlee and associated boom connections did not usually

present a problem., The stainless steel "T" manifolds usiang high-

pressure hydraulic tube fittiags (MS—type) had been installed in

response to ecarlier sucl problems (ref 4, app A), aud effectively

. corrected the recurring leaks typical of the previous disk mani~

£ folds and plastic lines. Occasional ice formations that appeared
g on the boom could be traced to 1ndividual fittings and corrected
by tightening. At temperatures colder than -13°C, a poteatial
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for internal freezing at some manifold locations still existed
if bleed air or water flow were intcrrupted. This was of some
concern during the start of flow while initial adjustments were
in progress to balance water output, particularly at low flow
rates. At the colder temperatures, set—-up times had to be short
and delays kept to a minimum to avoid partial freeze-up. As a

- standard procedure (ref 3), bleed air was kept flowing through
both alr and water passages (bleed and purge) until actual start
of water flow. To preveat cold-soaking the boom prior to englne
start, an additional procedure was developed for operating the
bleed air APU on the ground to flow hot air through the system
while the JCl-47C was being towed from the hangar, In normal
circumstances, spray operations can be coaducted successfully
at temperatures as low as -23°C without leakage or freezing of
the boom assembly.

BSR4 DL S i (T S A T N RO 12 R A iy

19, The 1984 icing <ceason was the first operational wuse of
separate throttling water valves for the upper and lower trapeze.
Flow distribution and measured pressure characteristics throughout
the boom resembled those seen during the pre-icing test flights
at Edwards AFB, California (app H). The end manifolds of each
boom immediately adjaceat to the support arm water supply (extreme
left on the lower trapeze and extreme right on the upper) dis-
played less consistent water flow than the rest of the trzpeze.
This became particularly evident at low flow rates whea these
two manifolds only operated intermittently. An afttempt to smooth
the flow patteran by interconnecting adjacent manifolds (para 12)
did anot produce appreciable change in performance. Installation
of reduced diameter water tubing in a portion of the boom assembly
between 1984 and 1985 (para 14) did aot sigaificaatly alter over-
all operating characteristics, and spray performance for both
seasons remained similar, The observed spray patteras produced
by the trapeze assembly duving operation  are generally
satisfactory.

20, As observed in the past, spray from the upper and lower
trapeze sections merged to form a single cloud just forvard of

. the test aircraft nominally positioned 180 ft behind the booms,
Previnusly reported spray cloud dimeasions (ref 3, app A) have
been estimated as 36 ft wide end 8 ft deep 4a croess-section
(without spray from the outriggers), aand these remaln valid as a
representative average. Photos 10 and 11, appeadix E show front
and side views of the JU-21A ia the spray cloud. Cloud dimensions
are not large enough for complete coverage of a test alrcraft,
and sparate immersion sequences were used for icing the rotor
systewm and fuselage. Satisfactory d1ciang operations were not
attajuable during turbulent air coanditions since the presence
of gusts disturbed the cloud behind the booms and precluded a
stable immersion.

11
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2i. To produce a selected LWC, the HISS set +*ts initlal water
flow rate to a calculated value derived from the physical
relationship between water volume, airspeed, and cloud cross-
sectional area that assumes a homogeneous spray dispersion and no
water loss from evaporation:

1320.06 x flow rate
alrspeed x area

LWC =

Where:

LWC = gm/m3

flow rate = gallons/minute

alrspead = knots true airspeed (KTAS)

cross-sectional cloud area = ft2

1320.06 = conversion factor for units shown; water density
taken as 1 gm/cm

This function provides a calculatad average for LWC over the
entire cloud cross-sectional area. Small adjustments to the flow
rate were often made once the JU-21A sampled the spray and obtained
a measured value for LWC. Any significant deviation between the
calculated average and the measured sample generally indicated
the presence of some abnormal condition. The calculated average
served as a useful cross—check for such factors as- very low
humidity (high evaporation), nozzle blockage and flow imbalance
(changes in cloud size and spray deansity), flowmeter inaccuracy,
poor atomization (drop sizes outside measuremeant range), and
laser spectrometer malfunction., If the LWC measurement could not
be considered reiiable, the calculated value was used to establish
the test condition,

22, Radar activated red and yellow lights on the HISS provided
visual cues to the test aircraft for maintaining standoff{ posi-
tion. The tights did not provide information on relative motion,
but indicated whether the aircraft was too close, too far, or
within the proper distance zone. Pilot comments suggested that
the ability to hold distance constant was affected by difficulty
in judging the rate of closure. To improve future artificial
icing operations, wmethods should be iavestigated to provide the
test alrcraft with an analog display of staandotf distance.

NATURAL CLOUD CHARACTERISTICS

23, To evaluate how closely the artificial spray cloud simulates
the natural 1iclng environment, some baseline characteristics
typical of natural «clouds need to be defined., Filigure 1,
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appendix F shows drop size spectra from four represeatative
stratiform cloud samples (A through D) obtained during natural
icing test programs. Sample A was measured with s UH-1H helicopter
in 1979 aear St. Paul, Mlanesota, aand was originally presented
as a natural cloud baseline ia refereaces 8 and 9, appeadix A.
It also appears in reference 3, which compares it with the first
Sonicore nozzle results from the HISS. Sample B was obtained by
the JU=21A near Salem, Oregona in 1982 (ref 1C), Samples C and D
were measured duriag the 1984 Minnesota program in the vicinities
of Iaternational Fails aand Duluth, respectively. Combined, these
samples 1llustrate the characteristics of stratiform cilouds
typically encountered during natural idclng tests conducted by
USAAEFA.

24, These normalized mass distribution spectra shew the amount of
LWC measured in each drop size class, divided by size iacrement
of the measuring equipmeant (3 wmicroas (um) in case of the
forward scattering spectrometer (FSSP), and 20 um for the
optical array probe (0AP)). The same data can be nondimensional-
ized by expressing the various drop diameters as a ratic of
median volumetric diameter (MVD), and the LWC of each size class
as a percentage of the total. Median rather than mean diameter
ig normally used to characterize drop populations, as it provides
a more seagitive indicator of any water volume contained in the
form of large drops. Figure 2 presentc the previous four spectra
in nondimensional format. This aliows comparlison of size distri-
butions iadependent of specific values of LWC and MVD.

25. Two additional cases (E and F) are included in figure 2,
appendix F. Case E shows nondimensional drop spectra presented
by Langmuir ia 1945 (vef 11, app A) and derived from icing "data
that were cbtained by R.M. Cunningham in an alrplane” usiag the
rotating multicy!inder method. The discrete points oa case E
depict Laangmuir's basic distribution, Additional distributions
comuonly used in the literature have been obtained by applyiag
an exponent to the size ratioc of the basic spectrum (powers of
0.0, 1.0, !.5, 2.0, and 2.5). The second curve in case E shows
one such alternate distribution, calculated by raising the basic
spectrum to the 1,5 power., The curve using this exponent matches
the natural cloud spectra more ciosely. The Langmulr distribu-
tioas play a role in the National Advisory Committee for Aeronau-
tics (NACA) 1icing research of that period, and appear in subse-
quent analyses (ref 12). A summary of the NACA icing investi-
gations and published reports 1is given 1a refereuce 13. The
final distribution (casc F) shown ca figure 2, appendix F 1s a
composite of drop svectra & through D, and is inteaded to suggest
a nominal oo celine represeantative of natural icing cloud charac-
teristics. This fairing does not differ from any of the previous
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A through D curves by more than 5 percentage units of the LWC
axis, and approximates the general shape of the Laangmuir distri-
butions. While other air mass types in differeat geographic
areas may exhibit separate spectra, the composite curve shown by
case ' 1s typlcal of recent natural 1icing tests 1a stratitorm
clouds. The realism of the artificial cloud can be judged by
how closely it resembles this natural cloud haseline. Efforts
should be made to assemble a more varied data base of cloud
spectra applicable to the hellceopter iciag eavironment.

SPRAY CLQUD CHARACTERISTICS

26. Cloud data from previous artificial 1cloag programs usiag the
Sonicore atomizers appear ian references 3, 4 and 14, appendix A
and were also obtalned with spectrometer probes from the Particle
Measuring Systems, Inc. (PMS) series, References 3 and 14 show
initial HISS results with the Sonicore nozzles from 1980 and
1981, and rveference 4 gives cloud measurements taken 1in 1982
after the APU bleed air source had been added. The LWC and MVD
characteristics of the spray are presented in these reports and
correlated with flow rate and location in the cloud.

27. 1a obtaining cloud measurements with the PMS probes, the FSSP
alone normally suffices for natural clouds (drops smaller than
45um), while both probes are required for the HISS in order
to include the larger drop sizes. Malfunction of either probe
precludes a valid HISS cloud measurement. Assorted problems were
experienced with both PMS probes at various times during the 1984
and 1985 1icing seasons. The malfunctions were often subtle aad
persistent, and sometimes several flights would elapse bhetween
iattial iandication of a difficulty and its resolution. The most
insldious was an internal misalignment in the FSSP that caused the
probe to uadercount the number of drops. This error apparently
originated partway through the 1984 season, and introduced a
gradually worsening drift 1a probe accuracy that progressed
through 1985. 1Its overall effect was to distort the measurements
toward lower LWC and higher MVD values than actual. As a result,
only a limited amount of the PMS data ohtalned is considered valid
for spray cloud characterization. On-site diagnostic facilities
for the cloud measuring equipment should be upgraded and a factory
equivalent calibration and functlonal check performed prior to
each icing season.

23. Measuremeats of LWC and MVD taken during "cloud centered"
spray samples {n 1984 are shown as a fuaction of water flow rate
in figures 3 through 6, appeadix F. Airspeeds of 90 and 120 KTAS
are presented separately. These polnts represent data averaged
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over intervals lasting from 10 to 20 seconds selected from
approximately one minute loag stable immersicvns in the spray
cloud. The LWC measurements (figs. 3 and 4) can be compared
with the "calculated average” lincar functioa (para 22) shown
for each airspeed. The degree of agreement with the calculated
line and the range of scatter are typical of those observed

- previocusly (refs 3 and 4, app A). The MVD dzca (figs. 5 and 6,
app F) are taken from the same cloud samples and fall ia a rangc
between 34 aand 75um. For comparison, the 1980 results (ref 3,
app A) showed a high conceatration of data betweea 20 and
35un, and the 1982 data (ref 4) ranged from 25 to 4Oum MVD
at flow rates below 13 gal/min, and 40 to 70um at higher
flow rates. While overlap exists with the previous range of
values, the preseat MVD data tend to group toward the upper ead
of the size raage. Even at low flow rates where the finest
atomization should occur, no MVD's averaged below 34mm. This
undesirable iandication of Llarger drop sizes than seen 1in the
past tends to shift the artificial cloud spectrum away from the
nominal 15 to 25uwm MVD range typically attributed to natural
clouds. In view of the otherwise enhanced flow distribution
characteristics of the spray system that were expected to iwmprove
atomization, this discrepancy cannot be readily explained. With
some uncertainty ia data quality iatroduced by 1instrumentation
problems (para 27), substantive coaclusioas regarding any change
of atomization performance cannot be drawn,
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29, Examples of normalized spray cloud drop spectra are presented
in figure 7, appendix ¥, For comparison with previous HISS
data, case A 1s taken from reference 3, appendix A and shows a
sample from 1980 with an MVD of 21ym. Cases B aand C are from
1984 with MVD's of 35 and S5um, respectively. These data
were obtained from "cloud ceantered” samples and are one second
records selected as representative of the average conditions.
When compared with the natural cloud spectra of figure 1,
appendix F differences are evident in slope and in shape near
the apex. While the peak conceatrations occur at reasonable
values of drop size (15 to 25mm), the HISS distributions are
. considerably broader and 1include larger drop sizes above
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50tm that do not normally occur 1ia natural clouds. This is g
particulavly evideaul at bigher {low rvates as in case C. Presence r
of these larger drops drives the MVD upward. &
f

30. Whea the spectra are presented 1ir nondimensional format
(fig. 8), the contrast with the natural cloud data (fig. 2) is .
even more proaounced. The natural cloud spectra show a distinct b
peak exceediag 25% LWC aear an MVI; ratio of one; the spray data do .
act peak as sharply or exceed 127% LWC, 3nd significaat amounts by
of LWC occur at size ratios ia excess of two. Even when actual E
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MVD occurs at a comparable value (2lum in case A) the quantity
of LWC present in the form of larger drops has a marked effect on
the distribution shape. The nozzle spray characteristics with
avallable alr and water pressure are such that some amount of
undesirably larger drops are always generated, which skews "the
distribution. In general, the artificial cloud produces peak
drop mass concentrations 1in the desired size raage, but also
contalns a number of larger drops that are not characteristic of’
natural clouds.

31. Variability of spray composition within the cloud was measured
during vertical sweep maaneu.ers. LWC and MVD were obtained over
one~half second intervais while slowly climbing and descending
through the c¢loud. Relative position betwean data points was
estimated by assuming equally spaced dncrements during the
traverse, Previous results have been summarized in references 3
and 4, appendix A. where LWC 1is preseanted as a smooth function
of vertical location within the cioud. These curves were intended
to suggest average trends based on combined data from a aumber
of flights. Scatter of this LWC data varied among individual
sweeps but generally rtemained within +0.2 gm/m3. LWC 1increased
from near zero (defiaing each cloud boundary) to a peak slightly
below cloud center, and the maximum LWC exceeded the average
taken over the eatire cloud depth by a factor of 1.4 to 1.8,
depending oa flow rate. Generally similar trends were observed
during this program. Figure 9, appeadix F preseats an example
of vertical sweep data obtalned in 1984, Consecutive values of
LWC and MVD measured during a sweep in each direction are shown
corresponding to estimated position in the cloud. Shape of the
LWC curve 1is characteristic, and ian this instance the maximum
value occurs just above cloud center at a factor of .8 higher
than th2 average value for the sample, The drop size data show
an MVD range of 35 to 40um in the central portioa of the
cloud, with smaller values near the top of the spray and higher
valucs near the bottom., The lower 2 ft of the cloud show a
marked increase in MVD occurring as LWC rapidly decreases, result-
Ing from an absence of small drops rather than an increase in
the aumber of large ones. At the very bottom of the cloud (near .
zero LWC), only twe or three large drops registered on the PMS
probes, resulting in a very large MVD, This pattern of MVD
variation from cop to bottom has also been previously reported
and 1s characteristic of the spray cloud.

32, Additional measurements taken during this same spray condition
are preseated in t _ure 10, Time histories of LWC are showan for
standoff distances of 130, 180 and 230 ft from the btoom. This
range of distances would normally represent the limits of test
alrcraft movement during formation flight whiile attempting to
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3 maintain a constant 180 ft from the HTSS, A steady “cloud q
centered” sampie of 18 seconds was obtained 1ia each case. 1In ‘

§ addition, ths JU-21A deliberately input slight vertical mctions b
s (estimated at +2 ft) while sampliag at the 180 and 230 f«r )
distances to include a wider segment of the spray than during !

the “"cloud centered” immersions. Figure 10 notes the average %,

values of LWC and MVD for each of the sequences shown. At the ﬂ

130 ft standoff, spray from the upper and lower trapeze had not b

quite merged to form a continuous clcud, and the measurement was “

taken centered in the Llower plume., The data show gradually :

decreacing LWC and increasing MVD with standoff distance, which
ls consistent with an expanding plume and the effects of evapora-
tion reducing the number cf small drops more quickly than iarge
ones., The amount of LWC variation seen during these time histor-
ies indicates the extent of scatter to be expected while obtaining
cloud measurements. While the traces that 1iaclude deliberate
vertical movement show larger excursions between consecutive
points than the "cloud ceatered” samples, total varlation over
the entire sample is not greatly affected (about 0.2 gm/m3 band-
width in these samples) and the averaged values are comparable.
The averaging procedure used to define spray characteristics
from "cloud centered” samples appears to yield reasonably consis-
tent results within normal operating limits.
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33. Flow rates higher than usual were also evaluated during this
program, As observed previously, nozzle performance deteriorates ﬁ
markedly when water flow increases to a point where water pressure ‘
starts to approach available alr pressure. When atomization bhroke
down above 25 gpm in reference 3, appendix A drop spectra peaked

arouad an 80um diameter instead of the wusual 15-25um range. .
This effect presently occurs at about a 35 gom flow rate (app H) l
when bleed air is supplied by both APU and alrcraft engines. Flow .

rates were established up to 50 gpm, resulting in measured LWC ;

values that exceeded 2 gm/m> at 120 KTAS. However, the large drop -

sizes and high MVD values (about 150um) at such flow rates '

limit thelr realism for {icing tests. Since drop diameters above ‘

300 mn were probably present Dbut not measured by the probes '

- or considered in the MVD calculation, their iaclusion would tend ‘
to facrease MVD even further. The present operating alr and water .

pressure characteristics 1ndicate an upper usable limit of about I

35 gpm to vctaln sgtisfactory spray atomization, 5

{

34, Relative thumidity 1is kaowan to influence the spray cloud
characteristics, but accurately quantifying 1its effects by in-
flight measurement has proven elusive, A aatural cloud is .
saturated with a background relative humidity of 100%, represent~ !
ing a substantial presence of water in vapor form in addition to
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the liquid drops that define LWC. For the -20° to 0°C temperature
range, the saturation vapor represeants from 0.9 to 4.8 gm/m’ of
additional moisture in the air (ref 15, app A). Spray from the
HiSS in a clear air environmeat 1antroduces the desired LWC in
the form of drops, but no control -xists over the amblent vapor
content (expressed by relative humidity). Evaporation of the
spray cioud is the most spparent effect of low relative humidity.
Calculations shuw that evapcration can noticeably alter both the
drop size spectrum and LWC in one second, the approximate time
interva. netween the spray boom and test alrcraft at 120 KTAS.
LWC loss leading tou drop extinction occurs more rapidly for small
drops than large oanes, particularly affecting drops below
20ie. The overall decrease in LWC and iacrease in MVD depends
on the orig: tal drop distribution, which varies with flow rate and
location in the cloud. A general trend of lower LWC and higher
MVD has been observed for data obtained over a wide humidity
spread, and a statistical correlation was presented 1in
refereace 4., The 1984-1985 evaluation encountered an ambieat
humidity range from 20 to above 95%, but the majority of ctests
took place at conditions above S0X%. Clearly defined variations
attributed solely to humidity could not be isolated from other
effects 1n the avallable data. Since icing simulation emphasizes
drop slizes below 20 um where evaporative effects are most
severe, increased efforts shouid be wmade to 1identify and deal
with the influence of humidity on cloud composition.

35. High humidity conditions (above 95%) produced visible effects
during spray operations. The appearance of the generated cloud
became more dense and noticeably restricted forward visibilicy
from the test alrcarft, This was attributed to a large increase
in the number of very small drops, which was also indicated by
an {acrease 1a formation of frost-like coatings on the test
alrcraft (para 38). in such conditions, condensation trails
frequently appeared in the routor systems of both the HISS and
the test aircraft (photos 12 through 14, app E). The visible
vortices from the blade tips of the HISS passed well above the
test alrcrat+s, and the condensation trails could assume dimensions
and appearance comparable to the spray cloud., The spray cloud
did not dissipate as quickly as at low humidity szsad gomctines
persisted in the form of parallel rows of clouds remaining from
earlier passes back and forth through the test area. On a few
such occasions, an undersun retflection could be observed in the
previous tralls, an optical effect iadicating that the supercooled
water drops had glaciated and turned to ice crystals (ret 16,
app Aj. Photos 15 and 16, appendix E show a HISS cloud trail
(as observed from the ground) that persisted, ilacteased in size,
aud acted as s catalyst for natural! cloud growth,
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ICE ACCRETIONS ON TEST AIRCRAFT

36. The various test aircraft fiown ia the HISS spray cloud during
concurrent iciag programs (para 5) provided an opportunity to
compure 1ice formations between the natural and artificial
environments. Drop trajectory and impingement studies indicate
that the type of ice accretions produced depend strongly on drop
sizes present 1in the cloud. Catch efficiency 1s related to
inertial properties of different size drops, determining their
ability to follow streamlines and make turns with the airflow.
As described 1in paragraph 30, the HISS cloud coatains a portion
of its LWC in the small drop size range of natural clouds, but
also contains an amount of jiarger drops (above 50 um). Ice
from the larger drops collects {a a swooth layer over larger
frontal areas of exposed surface than small drops, which tend to
form localized accretion patteras projecting forward from stagna-
tion regions. The mix of drop sizes found 1n the HISS spray
gave rise to hoth types of ice formation. The HISS could provide
extended immersions at high LWC's, which resulted in wore massive
ice formations of the large drop type than wusually found in
stratiform clouds at the test slte. At the same time,-  however,
the smalJl drops 1a the spray distribution also produced 1ice
formations with shapes and accretion characteristics very similar
to natural cloud ice forms. These were particularly evident on
airvcraft surfaces where 1nertia of the large drops prevented
their Impact, such as rvotor hub droop stops, UH-IH sideward
faciag inlet screeas, and tallboom rivets. Future efforts to
impro—e HISS performance should emphasize reduction of drop
sizes to less than 50um diameter for increased vrealism of the
ice formations.

37. One major area of uncertaiaty ian the past had been the ability
of the HISS to produce non-streamlined "double-horred” ice shapes,
a type of formation characteristic at warmer temperatures (aear
-5°C), Such formations on rotor blades are known to be common in
the natural enviroament, but doubts remained about the artificial
cloud since larger drops tead to produce wmore streamlined shapes.
On one flight (1985) at -5.0°C, ice was retained oan the inboard
portions of the AH-64A main rotor after landing, as showa in
photo 17, appendix E. A very obvious “double-horned” cross
cecticn was apparent at the ice surface where the outboard portion
had shed, demonstrating that the HISS 1is capable of produciang
non-streamlined ice accretions on rotor blades. This was the
first time at such a warm temperatute that sufficieat rotor ice
had been retained to allow direct examination, and this finding
significantly improves the credih,lity of the HISS simulation.
Additional examples of rotcr icing generated by the HISS (1984)
are given 1ia reference 17, appendix A which used silicone molds
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to replicate ice shapes from UH-1H rotor blades at temperatures
from -11° to -22°C.

38. Various 1inferences regarding drop size can be drawn from
the appearance and characteristics of the ice accretions. Photo-
graphs 18 through 25, appendix E illustrate additional types of
ice formations encountered in natural aand artificial conditions.
One iadication of small drop size 1s formation of ice oan surfaces
that exclude large drops by inertial sorting., Tailboom rivets and
small Irregularities along the sides of a fuselage are examples
of such areas, as shown 1in photos 18 and 19 for natural and
artificial icing encounters. Photo 19 {includes 1ice along the
edges of stickoan insignia letters on the taillboom, and a frost-
like coating that follows skin surface deflections. At high-
humidity conditions behind the HISS (para 35) the frost-like
coatings became very pronounced, which {s attributed to an
increase in the number of smali drops. Photo 20 shows such an
instance where even the bottom of the fuselage was covered,
resulting 1n a heavier coating than observed during natural
eacounters.

C o as

. N v e e s .
¢ W N RN e )

e
R

39. Photos 21 and 22 compare natural and artificial ice formatlons t
on forward areas, While the artiticial formatiors on the nose ;
and drop tanks cover larger areas than 1in natiral conditions 1.
(attributed to the presence of larger drops), the .ecaeral shapes q
and locations of accretions are comparablie. The sharply defined E
cutoff of ice formation below a horizontal hinge-line on the nose :
is evident 1in both photos. Ice had already shed from the FM b
antenna (aft of the cockpit doour) 1n photo 22; a closer view with Y
ice preseat is shown 1in photo 23, The feathery, forward growing ﬂ
formations seea here and in photos 24 and 25 are characteristic h
of desirable drop sizes. The outward-expanding formations from Q
exposed fastener heads 1in photo 23 and scalloped formations on E
the angled strut in photo 24 are realistic shapes also indicating i
presence of small < ops., Additional discussion comparing unatural g
and artificial 1ice formations 1s given 1in reference 18,

appencix A, which was a 1985 program to photographically document I

ice accretions on various test . airfoll sections mounted 1n a -

Ssetrsinn mb e mabad s~ sl TI[—D1 A
fixture attached to the JU-214.
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CONCLUSICNS

GENERAL

40, Evaluation of HISS performance during the 1984 and 1985 iciag
seasons found that operational characteristice had improved as a
result of the system modificatlions made during the first two
phases of this program. The following conclusions were reached
upon completion of the artificial iciag tests:

a. Spray operations can be coaducted successfully at
temperatures as low as ~23°C without leakage or freezing of the
boom assemtiy (para 18).

b. The observed spray patterns produced by the trapeze
assembly during operation are generally satisfactory (para 19).

ce The artificial cloud produces peak drop mass concentra=
tions in the desired size range (15 to 25 um), but also contalns
a number of larger drops that are not characteristic of natural
clouds (para 30).

d. The averaging vrocedurc used to define spray characteris-
tics from "cloud centered” samples appears to yield reascnably
consistent results within normal operating limits (para 32).

e. The prusent operating alr and water pressure characteris-
tics indicate an upper usable limit of about 35 gpm to ratain
satisfactory spray atomization {(para 33).

f. The HiSS is capable of producing non-streamlined {"double-
horned”) ice accretions on rotor bhlades (para 37).
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RECOMMENDATIONS

41. The tollowing recommendations are made:

a. Future spray system designs should malatain uniform nozzle
otrientation to the alrstream to preclude inconsistent atomization
characteristics between different groups of nozzies {para 17).

b. Methods should be investigated to provide the iciag test
aircraft with an analog display of standoft distaace (para 22).

c. Efforts should be made to assemble a more varied data base
of cloud spectra applicable to the helicopter icing environment
(para 25),

d. On-site dlagnostic facilities for the cloud measuring
equipment should be upgraded and a factory equivalent calibration
and functional check performed prior to each idcing season
(para 27),

e. Incrcased efforts should be made to ideatify and deal
with the influence of humidity on cloud composition (para 34).

f. Future efforts to improve HISS performance should empha-
slze reduction of drop sizes to less than 50 um diameter for
increased realism of the ice formations (para 36).
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APPENDIX B. DESCRIPTION-HELICOPTER ICING SPRAY SYSTEM

i 1. The aircraft equipped with the HISS installation is a modified
- Boelag Vertol CH-47C helicopter with fiberglass rotor blades, US
Arny S/N 68-15814. It is a twin-engine, turbine powered tandem
rotor helicopter with a gross weight limit of 48,000 lb. Power
is provided by two Lycoming T55-L-11 series turboshaft engines.
Each eagine has an installed power rating of 3,750 shaft horse-
power under standard dav sea level conditions. Fach rotor system
1s 60 ft in diameter and is equipped with three fiberglass blades
of 32 in. chord. Normal operating rotor speed is 225 rpm. Fuselage
8 leagth 48 50 ft 9 1in., and distance between rotor centerlines
is 39 ft 2 in. A hydraulically powered lcading ramp is located
at the rear of the cargo compartment.

:

£

2. The HISS installation was initially developed under coatract
by the All American Engineering Co. 1in 1972, and is described in
reference 13, appendix A. Side and rear view schematics of the
present overall arrangement are shown in figure A. The alumlinum
water tank has an 1800 gallon capacity, and the deployed spray

a B -
(BN

L)
P

boom assembly 1s suspended 19 ft beneath the aircraft from a &
torque tube through the cargo compartment. Hydraulic actuators -
rotate the torque tube to raise and lower the boom assembly, and g
mechanical latches hcld the boom assembly locked 1in either the o
fully deployed or retracted positions. The external boom assembly -
can be Jettisoned from any position by explosive bolts at two F
joints on the boom support members. The 1internal water supply ﬁ
can be Jjettisoned by a cable—cutter cartridge arrangemeat which -
opens trap doors in the water tank over the aircraft cargo hook d
hatch, Controls for water Jjettison and boom deployment, retrac-— 4

tion, and jettison are located in the cockpit.

.
A A

3. The boom assembly consists of two parallel 27 ft trapeze
sections with 5 ft vertical separators, and two 17.6 ft outriggers
attached by 4-way junctions to the upper trapeze. When lowered,
the outriggers are swept aft 20° and angled down 10° giving a :ip
to tip boom width of 60 ft, Skid plates at each corner of fhe
lower trapeze allow a forward hover landing without damage to the
boom or nozzles if the boom fails to retract. The boom 1s con-
o structed of concentvic metal pipe. The outer pipe (4 1in., diam-
eter) is the structurai trapeze and outrigger assembiy aud pro-
vides a passage for bleed air, Water 1s pumped through the lianer
ripe at selected flow rates from the tank to the nozzles on the
boom assembly. The ‘rater passages originally had a 1-1/2 inch
diameter throughout. Between the 1984 and 1985 icing seasons,
the water tube sections within the upper and lower vcrapeze were
changed to one inch diameter. After the 1985 season, the remain-
ing sections 1an the boom supports and cabin iaterlor were also
modified, converting the entire water system to one inch diameter.
Thirty manifolds for distributing water to the nozzles are spaced
approximately three ft apart along the boom exterior. Aircraft

T ALY 2 ST T

S EET % e O Y TERRE Y

25

" PN S S

P




Torque tube and
trunnion mount assembly

-

A
Vater /”’ \ \\\ Aft-facing
; tank \ 1 Radar

Altimeter

C &

AFU intake and '\_’:‘L__ . ___Zci:[]
exhaust ducts ~ | O\ N
\ -
4RI
p

\39/ Antennas

ISR ”
. Cargn loading
-
= /‘ ramp position
TR~ By .t

N

Bleed Air Auxiliary
Power Unit

Jettison joint

- in fiight

Retracted boom
position

e Station-keeping lights

Deployed boom____//L -
position

Aft-facing
Radar

Altimeter N

Antennas
6ft—<g

Station-keeping 1ights —

i

f:

!

/—-—7 —— Uplock latches

!
0 1’

-=====’==‘===>_—

Figure A.

W

Helicopter Icing Spray System
Side and Rear View Schematic

26

.

LT T AT :m’r.‘:r‘.'.‘frmr el LR A

RIRIAFE - S9h g A A WERS LT




enzine compressor bleed air and bieed air from a Solar T-62T-40CZ
auxiliary pcwer unit (APU) are supplied through the ocuter pilpe
to the nozzles for atomization, Figure B shows a schematic of
the current alr and water distribution system.

4, There are 172 nozzle receptacles oa the boom surface, as shown
in figure C, These receptacles are staggered to provide alternat-
ing upward and dowuward ejection ports every six inches. Because
of available air pressure considerations only 97 locations on the
center sections are normally used during icing operations. Scnilc
Development Corportion Model 125-H Sonicore nozzles (photo 1)
have been installed since 1980. Alr enters at the base of the
nozzles and water from the side through connecting tubes f{rom
the manifolds. As 1nstalled on the boom, vertical distance
betwern upward and dowaward facling nozzle orifices is 11 iaches.
Figure D shows a cutaway schematic of the air and water plumbing
within the booms. Additional details of the various HISS com-
ponents modified during phases 1 and 2 of this program are given
in appendixes G and H.

5. Aft-facing radar altimeter anteanas are mounted at the rear
of the HISS to allow positioning the test alrcraft at a knowa
standoff distance. Analog displays are provided in the cockpit
and the aft cargo compartment. The radar activetes red and
yellow lights mounted to the bottom of the HISS fusclupe {phioto 2)
that act as visual cues for the test alrcraft. The aft cargo
ramp remains partially open while spraying to allow observatioa
of the test aircraft from the rear of the HISS. A calibrated
Rosemount ailr temperature probe and a Cambridge dew polot hygro-
meter with cockplt displays provide accurate ambient tempera-
ture and  humidity measurement. Therwmocouples and presrure
transducers are installed on the boom assembly at two locations
(showa in fig. C) to allow inflight measurement of pressure and
temperature for both boom alr aand water while spraying. A control
and display panel is mounted on the right side of the cabia at
fuselage station 120 at the opening to the alrcraft heater unit
compartment. As shown 1a photo 3, two selector switches are
avallable to coatrol three digital displays, two for pressure
aand one for temperature. These measurements were read and recorded
manually. An operator's station at the rear of the HISS, shown
in photo 4, provides control of various air, water, and hydraulic
valves, and {ucludes displays of water flow rate, wupper and
lower trapeze water pressure, pump outlet water pressure, and
various hydraulic system pressures. Occess 1s afforded te
controls of the bleed alr APU and the wmanual override uplock and

downlock boom mechanisms. For photographic purposes during
icing operatloas, dye added to the water iwparts a yellow color
to the 1ce (calcocid wuranine yellow 73, 1ia approximate

proportions of 7 oz per 1500 galions).
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APPENDIX C. 'NSTRUMENTATION
JU-21A CLOUD MEASURING EQUIPMENT

1. The aircraft used for icing cloud measurements was a JU-2iA,
US Army Sevia! No. 66-18008, manufactured by Beech Afrcraft
Corporation. It 1is an unpressurized, low-wing, all metal, twin
engine airplane with retractable tricycle landing gear aad a maxi-
aum takeoff weight of 9650 1b., The alrcraft has a wingspan of
45 ft 10.5 in. and a nose to tall length of 35 ft 6 in. Power 1s
provided by two T74-CP-700 (commercial designation PT6A-20) turbo-
prop engines manufactured by Pratt and Whitney Afrcraft/United
Alrcraft of Canada, Ltd., Each engine has an installed power
rating of 550 shaft horsepower under standard day sea level coundi-
tions. The alrcraft is certified for flight into moderate 1cing
conditions, and incorporates electrothermal systems for anti-icing
the windshield, pitot tube, stall warning vane, engine alr inlet
lip, fuel vents, and heater air inlet and delcing the propeller
blades. Pneumatic boots are 1incorporated for deicing the wing
leading edges outboard of the engine nacelles to 30 inches short
of the wiag tips, aand the vertical and horizontal stabilizers.
The engines are equipped with extendable ice vanes zhead of the
compressor inlet for particle deflection, and an autolgnition
system to reignite combustion in case of flameout due to water
ingestion or icing conditions,

2, The cloud measuremeat package lastalled on the JU-21A consisg~
ted of the following equipment: a Particle Measurilag Systems, Inc.
(PMS) forward scatteriag spectrometer probe (model FSSP-100), a
PM5 optical array cloud droplet spectrometeyr probe (model OAP-
200X), Rosemount total temperature sensor and display, Cambridge
model 137 chilled mirror dew polnt hygrometer and display, Leigh
Mk 10 ice detector unit with digital display (1984 oaly), Cloud
Techaology Inc. model LWH-1 (Juhason Williams type) liquid water
content (LWC) 1indicator system, and the Small Inteiligent Icing
Data System (SLIDS). Photo | shows the exterior of the aircraft
with the probes 1n place, while photo 2 shows the ianterior
instrumentation rack with displays.

3. The Leigh Mk 10 and Cloud Techonology probes were not used to
obtain HISS cloud data, as they dld not provide a meaningful LWC
measurement in the spray plume, This 1s attributed to the
presence of large dvop sizes 1n the spray beyond the design
iimits of ihese probes. 1In the aatural cloud enviroanmeant, these
probes funtioned properly and gave valid readings. Oaly the PMS
spectrometer measurements were used for HISS LWC data. Each PMS
probe projects a collimated hellum—-ncon laser becam normal to the
airflow across a small sample arca. In forward flight, particles
passing through the beam (sample arca) are counted and wmzasured
into 15 size chaanels per probe, each probe operatiag over a
different size range. While these probes are primarily Intended
as particle sizing devices, an LWC can be calculated from the
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drop size measurement gnd number count within the sample volume
relative to airspeed.

4, The F3SP-100 determines particle size by meaguring the amount
of light scattered into the coliecting optics aperture as the
particles pass through the laser beam. A pulse height analyzer
compates the waximum amplitude of the scattering siganal pulses
with a reference voltage derived from a separate measurement of
the 1lluminating Llight signal. The pulse height aunalyzer output
is encoded to give the particle size in binary code, and resolves
particle sizes from 2 to 47 um into 15 equally spaced lacrements
3 me wide. It is capsble of sizing particles having velocities
of 20 to 125 meters/sec (39 to 243 knots). A gate output signal
provides a measure of particle transit time, and a velocity
averaging counter and control system determines an average. The
system automatically rejects particles with transit times less
than average since these are susceptible to edge effect errovs
and result from particles passing through regions of less than
maximum iatersity. A laser beam width of 0.186 wm and depth of
field of 2,76 mm provides a total sample area of 0.513 o2 (before
velocity reject).

5. The 0AP-200X determines particle size using a linear arvray
of photodiodes to sense the shadowing of array elementss. Particles
passing through the fleid of view illuminated by 1its laser ave
imaged as shadowgraphs on the array acd a flip-tlop memory element
is set 1f the photodiode elements are darkened. Size 1y glven
by the number of elements set by a particle's passage, the size of
each array element, and the optical magnification. Magnification
18 set {or u size range of 20 to 300 pm, and 24 active photodiode
elements divide particles iato 15 size channels, each 20 ym wide.
It 18 capable of slzing particles with velocities of 5 to 100
meters/sec (10 to 194 koots). Depth of field, effective array
width, and sample area vary with gensed particle size to a maximum
of 6lmm, O.44mm, and 18.3mm2, respectively.

6. The S1IDS was designaed by Meteorology Research Inc. and is a
data acquisition system programmed specifically for icing studles,
A more complete description appears ian the user's guide (ref 20,
app A), It consists of four maln componeuts: a microprocessor,
Techtran data cassette recorder, JAxlom printer, and an opcrator
control panel. The SIIDS has three operational modes: (1) data
acquisition, in which averaged raw data are recorded on cassette
tape and enginecering units are displayed on the printer, (2) a
playback mode in which vraw averaged data read from the cassette
are coaverted to englneering units displayed on the printer,
aad (3) a monltor mode used to set the caleandar clock and alter
programmed constants. During data acquisition, the operator may
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select an averaging period of 1/2, 1, 2, 5, or 10 seconds. The
following parameters are displayed c¢a the SIIDS printer 1in
englaecring units,

a., calendar: year, month, day, hour, minute and second

b. pressure altitude (feet)

¢. airspeed (konots)

d. outside air temperature (°C)

e. dew polnt (°C)

f. total LWC observed by the FSSP (gm/m3)

g. total LWC observed by boti FSSP and OAP (gm/m3)

h. medlan volumetric diameter (um)

1. amount of LWC observel for cach channel (total 30) of
both probes (gn/m3)
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APPENDIX D. TEST TECHNIQUES AND DATA ANALYSIS METHODS

1. The JU-21A equlpped with the Small Iatelligent Tcing Data
System (SIINDS) package obtained HISS spray cloud measurements on
fliphts iatended for cloud calibration and 1in conjunction with
artificial icine miss'ons for test alrcraft on other programs,
Operational icing missioans were genevally flown at a siugle test
condition that was Yeld coastant throughout a given mission, while
the caiibration flights measured a raage of spray conditions. A
crash/rescue hellcopter accompaaled each wmissfion 25 an  area
chase and remained 1n visual contact with the test formation.

2. Artificial dicing missions with a test alrcraft consisted of
flying in forwmation behinc¢ the UL5S while keeping the aircraft
rotor system or fuselage lumersed in the spray cloud. The UISS
flew at a constant alrspueed between 80 and 120 knets true air-
speed (KTAS) throuphout the immersion, and attempted to maiatain
constant air temperaturc by pgradually adjusting altltude as
requlred., The test alrcrort attempted to malntaln a coastant
standoff distance of 180 +10 it from t.e¢ spray boows, using
the radar altimeter activated rced and yeliow position lights as :
visual cues.  Radio calls from crewmembers 1o the rear of the .
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HISS and the JU=-21A close chase assisted i positioaning the test
alrcrafe laterally and vertically, When a chaage of direction

was uwade to stay within the operating area, test formation was :
matntalned and spray immersion continued during gradual turns at

1
bank anples below 10°, .

3. Prior to cloud entry by the test airceaft, the JU-21A assisted
the LSS in establishing the desired flow rate and performed a
cloud sampling mancuver to measure actual liquid water content
(LWC) and drop size distribution. 1nitial flow rate was set to
a value caleulated from target LWD ang airspeed (para 21, Results
and Discusslon section). The JU-214 obscerved the spray plumes
emanatiag from the boom assembly te provide qualitative comments
on evenness  of flow distribution between the upper and lower
trapeze. Notes were taken of any evieeat leaks, malfunctioniog
aozzles, or 1ce formations on vae boowm for post=fiight maintenance
inspections. For operation behind rhe 1H1SS, the JU-21A configured
to an approach (35%) flap cettlag., Just prior to cloud entry, -
all electrothermal Jce protection gystems were actlvated and
enpgine fce vaaes were extended. Once flow rate was stable aad
the spray plumes balanced, the JU-21A mancuvered to d1mmerse
the laser weasurlag spectrometers Into the spray cloud at the
nominal 180 ft standof{ distance. The probes were held approx-
fmately ceatered in the densest portion of the c¢loud Tor about
a wminute while obtaiaing a coutinuous record of ovae second
samples, Once a weasured value for LWC was available, flow rate
was adjusted as necessary Lo provide the target LWC. After this
sample, the JU-21A repositioned to one side aad the test alrcraft
entered the spray cloud to begin immersion.
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4 On fiights intended for cloud calibration, the JU-Z1A perform-
ed additional sampling maneuvers. The target alrspee. for these
tests was 120 KTAS. The HISS varied flow rates incremeatally
from 5 to 50 gal/min to produce a range of LWC values, and moni-
tored spray boom ailr and water pressures. At cach flow setting,
a steady c¢loud—centered measurement was obtalned by the JU-21A
using the procedure Jjust described. VFor sclected flow rates,
measurem2nts were repeated at additional standoff distances from
130 to 330 {t behind the booms. Vertical sweeps through the

. cloud were also made using a half secoud data rate to measure
variztion of spray composition within the plume. The JU-21]A
initiated vertical sweeps from a ceantered position beaneath the
cloud, climbing slowly wuntil the probes were above the cloud,
and then descending to the starting polat.

5. Cloud characterlstics were derived from the SIIDS preseantation
of Particle Measuriang Systems, lnc. (PMS) spectrometer data. All
cloud parameters weve couwputed f{rom the particle oumber count,
size classification, and sizc of air volume sampled, which depends
on ajrspeed and probe type. A measured drop was assumed to lie
ia the ceater of 1te size class, although actual diameter may
fall anywhere within the channel. A total of 30 size channels
were avallable between both probes but only 28 were actually
usvud. The two smallest channels of tle optical array probe (OAP)
(20 and 40pm) were aot included in che computatiorn elnce they
overlap the size range covered by the forward scatteriag spectro-
meter probe (FSSP). The SIIDS sums total volume of the drops
sampled and provides a value Llor LWC coutalned 1n ecach size
class (drop mass per channel for a one cubic¢ meter sample volume);
total sampled LWC results from summiong the 28 size channels,
Median volumetric diameter (MVD) 18 the drop size which divides
the volume of the spray in halves, such that half the total
water volume 1s contained 1n drops larvger and half 1o drops
smaller than this median diameter. If the masg contained in
each chaonnel 1s first coaverted to a perceatage of the total
magss and these percentages are added consecutively, the MVD
occurs at the diameter where the cumulatve sum reaches 50%,

6. The STIDS data averaging intervals (sample accumulation rate)
normally used were oane second for the HISS cloud and ten seconds
for the natural icing environment. A half second sample rate
was used during vertical sweeps through the HISS cloud. The
vertical sweeps were intended to determine spatial variation of
LWC and MVD within the cloud. The lack of precise spatial
referencaes for correlation with probe data during the sweeps
required making two assumptions: (1) the JU-21A wmoved through
the cloud at a coanstant rate, and (2) the cloud boundaries were
defined when the probes stopped registering a significant nuumber
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of drop couats (probes outside the cioud). These assumptions
only permit an estimate of probe position relative to edges of
the cloud, and do not provide data on actual cloud dimensions,
Some discrepancies In the data could be expected for any given
sweep because of cloud size relative to the measurement aircraft
and the type of maneuver performed while flylag in formation,
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4.

Photo 6. Roller Chain Coupling Between Hydraulic Motor aad Water Pump
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Mioto 10, Front View of JU-21A lu HISS Spray Cloud
(Wingspan = 45 tt 10.5 L)

Photo 11. Side View of JU=21A in HISS Spray Cloud
(Total Heipht of VYertical Stabilizer = & ft & in.)
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Double Horn" Shape on AH-64A Mai
, —5°C Ambient Temperature

jal (HISS) Ice.
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Photo 17,




Photo 18, Natural lce. Formation on Rivets Aloug
Side of Vuseclape (UN-60).

Photo 19. Artificial (WISS) Tce, Formallon on
Tautihoom Kivets (UH-66),
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Photo 21, Natural Ice. Temperature =5,5°C,
LWC 0.25gm/m3 at 26 um MVD, 107 KTAS

Photo 22, Artificial (HISS) Ice. Temperature —-7.5°C,
LWC 1.0gm/m3 at 62 um MVD, 120 KTAS
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: FIGUR[ 10 ;
HELICGPTER ICING SPRAY SY°TEM ,
CLOUD SAMPLING TIME - HISTORIES
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DEPARTMENT OF THE ARMY

U. S. ARMY AVIATION ENGINEERING FLIGHT ACTIVITY
EOWARDS AIR FORCE BASE, CALIFORNIA 93523

AG 3T B8R

DAVTE-TI

SUBJECT: Report, Helicopter Icing Spray System (HISS) Boom Structural
Dynamics Evaluation with Fiberglass Blades, USAAEFA Project
No, 82-05-1

Coumander

US Arumy Aviation Research and
Development Command

ATTN: DRDAV-DI

4300 Goodfellow Boulevard

St. Louis, M0 63120

1. REFERENCES. a. Letter, USAAEFA, DAVTE-TI, 22 June 1982, subject:
Report, Helicopter Icing Spray System (HISS) Evaluation and Improveuments,
USAAEFA Project No. 80-04-2,

b. Letter, AVRADCOM, DRDAV-DI, 14 June 1982, (with revision,
13 August 1982), subject: Helicopter Ilecing Spray System (HISS) Evaluation
and Improvements. (Test Request)

¢. Letter, AVRADCOM, DRDAV-D, 1 July 1982, (with revision,
13 July 1982), subject: Airworthiness Release for Helicopter Icing Spray
System (HISS) Boom Structural Dynamics Evaluation with Fiberglass Blades
and Modified Spray Cloud Measurements, USAAEFA Project No. 82-05.

d. Letter, USAAEFA, DAVTE~-TI, 28 June 1982, (with revision,
15 July 1982), subject: Tesi Fian, Helicopter Iciag Spray System (HISS)
Buom Structural Dynamics Evaluation with Fiberglass Blades and Modified
Spray Cloud Measurements, USAAEFA Project No. 82-05.

e. Letter, USAAEFA, TAVTE-TI, 4 June 1981, sudjec : Letter Report,
Hzalicopter Icing Spray System (HISS) Evaluation and Tmprovements, USAAEFA
Project No. B80-04.

2., INTRODUCTION. During April, 1982, the JCH-47C aircraft (US Army
S/N 68~15814) 1in which the Kelicopter Icing Spray System (KISS) is mounted,
waa modified by replacing the metal rotor blades with fibergiss rotor
blades and subsequent reduction of vrotor operating speed to 225 rpm.
In addition, the US Army Aviation Engiveering Flight Activity (USAAEFA)
modified the existing HISS spray boom to eliminate bleed air/water leskage
problems encountered during the 1982 artificial i{cing tests (ref 1la).
77




DAVTE-T1 ‘
SUBJECT: Peport, Helicopter Iciug Spray System (HISS) Boom Structural

Dynamics Evaluation w!th Fiberglass Blades, USAAEFA Project
No. 82-05-1

Irproved water manifolds were fabricated and installied. To evaluate
results of these modifications, the US Army Aviation Research and
Development Command (AVRADCOM) tasked USAAEFA to conduct & limited HISS
spray boom dynamics evaluation (ref 1b).

3. TEST OBJECTIVE. The objective ot this test program was to determine
the dynamic characteristics of the HISS spray boom.

4, DESCRIPTION. a. The HISS is installed in a modified CH-47C helicopter
(US Army S/N 68-15814) aud consists of an 1800 gallon internal water tank !
and an external gpray boom agscmbly suspended 19 ft beneath the aircraft
from a crosstube through the cargo compartment. Hydraulic actuators rotate
the crosstube to raise and lower the boou assewmbly. Both the external
boom assembly and internal water supply can be jettisoned in an emergency.
For icing tests, a non-toxic, blodegradable dye is added to the water
and imparts & yellow color to the ice.

b. The spray boom consists of two 27 ft center sections, vertically
geparated by 5 ft and two 17.6 ft outriggers attached to the upper center
section, When lowered the outriggers are swept aft 20° and angled down
10° giving a tip to tip boom width of 60 ft. The boom is asiembled of
concentric metal pilpe. Water 1s pumped at selected flow rates frca the
tank to vhe nozzles on the boom assembly through the inner pipe
(1-1/2 in. diameter). Thirty manifolds for distributing water to the
nozzles are spaced approximately 3 ft apart along the boom exterior.
Aircraft engine compressor bleed alr and bleed air from a Solar
T-62T-40C2 bleed air APU are supplied through the outer pipe (4 in,
diameter) to the nozzles to atomize the water. There are 172 nozzle
receptacles on the boom surface, These receptacles are staggered to
provide alteraating upward and downward ejection ports every 6 inches.

Sonic Development Corporation Model 125-H Sconicore nozzles were installed
for this evaluation.

I v mreaE ox € el

-

,-

cs As a result of numerous air and water leaks encountered duriag
the 1982 icing season, several modifications were made to the spray beom.
All boom internal hoses were replaced wich Flexfab, Inn. Turbe hose and
ciamped securely with hose ciamps at all junctions. The water and air
inputs to the top of the hoom were modiffed as shown 1a photo 1,
inclosure 1. The round water manifolds and plastic lines (photo 2) were
replaced by T-section manifolds and stainless steel lines utillziug high
pressure hydraulic (M5) fittings (photo 3). In addition, each of the
four way junctions had two nozzles mounted on them by using specially
fabricated brackets (photo 4).

5. TEST SCOPE. The test was conducted at Edwards Air Force Bese, Calif.
from 8 July to 20 July 1982, Six test flights were conducted for a total
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of 6.4 productive hours. The tests were conducted at engine start gross
weights between 34,160 2and 48,200 pounds and corresponding longitudinal
center—of-gravity locationg of FS 326.0 and FS 331.8, respectively. lest
pressure altitude was 6000 ftr with & rotor speed of 225 rpm. The general
test conditions and configurations are shown in table 1. The liwits
contained in the operator's maunual and airworthiness release (ref le¢)
were observed.

6. TEST METHODOLOGY. Flight test profiles were typical of the normal
HISS mission and are described in the test plan (ref 1d). Test tech-
niques are briefly described in the appropriate section of paragraph 7.
Data were recorded on magnetic tape ounboard the aircraft aund telemetered
to a ground station. Boom strain gage locations as well as test instru-
mentation are described in inclosure 2.

7. RESULTS AND DISCUSSION. a. General. Boom dynamics and stress data were
acquired during level flight at airspeeds from 60 knots indicated airspeed
(KIAS) to maximum airspeed for level flight (Vg) and in turns to 30° bank
angle. Boom gust response was simulated by the introduction of pulse and
doublet control inputs into each axis independently. No boom stress or
dynamics prohlems were experienced during testing.

b. Boom Dynamics., The boom dynamics were evaluated with the various
configurations of nozzles, manifolds, and gross weights shown in table 1.
The boom gust vresponse was evagluated using control pulse and doublet
inputs at the primary HISS icing operations airspeed of 120 knots true
airspeed (KTAS). Lateral and directional pulgses had very little effect
on the boom and response was either deadbeat or dauped in 1 or 2 cycles.
The response Lo a longitudinal doublet input was an asymmetric pendulum-
type longitudlnal oscillation, The largest boom tip deflections at
120 KTAS were on the order of +2 ft and were damped in 3 to 4 cycles.
As previously observed, the boom displayed a 3/rev vibration (11.25 Hg)
superimposed on the lower period dynamic response. The boom oscillatory

. regsponse was adequately damped in all axes at all conditions ¢ sted., The

boon dynamics were essentially unchanged from previous configur.:ions and
wcre acreptable,

c. Boom Stress. (1) Boom stresses were monitored at the counditions
showm 1in table 1, using strain gages at the positions (J, E, D) shown in
figure 1, inclosure 2., The data are presented as mean bending stress
(vector sum of the bending stress 1n two axes) and alternating stress
(one-half peak-to-peak stress in each axis)., The iower horizontal cross
tube (J) and the vertical tubes (E) are made of 6061-T6 aluminum and have
gteady-state and transilent limits shown in the Goodman diagrame (figs. 1
aud Z, incl 3). The upper horizontal cross tube and the outriggers (D) are
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of 4130 N ateel with an infinite (N = 100) 1ife oscillatory limit of
21,629 psi.

(2) Comparative data for the T—section manifold (154 and 102 nozzles)
and round manifold (100 nozzles) configurations with the bcom down are
shown in figures 1 through 3, inclosure 4. Similar comparisons were made
with the boom up for these configurations as well as the ferry configura-
tion (figures 4 through 6). The boom down data were acquirad with a water
flow rate between 7 and !5 gallons/minute. The stresses were primarily a
function of airspeed with control inputs and turns producing ainimal
increases in alternating and mean 3stresses. The boom stresses were
independent of the nozzle or manifold configuration and are satisfactory
throughout the airspeed range tested.

T

i (3> One flight was conducted with the outriggers removed to evaluate
this as a potentlal ferry configuration. The boom center sections were
configured with the T-section manifolds and 100 nozzle bodies. Previous
testing with the boom outriggers removed had shown alternating stresses in
the lower horizontal crogs tube (J) to reach unacceptable levels at
146 KTAS (ref le). This was not the case during these tests as shown in
figure 4, inclosure 4. The only restrictions to airapeed were caused by
excessive alrcraft-related vibrations encountered at Vy (137 KIAS), These
vibrations reduced the waximun usable ailrspeed raunge to approximately
) 130 KIAS. The aircraft's cruise gulde indicator had fewer excursions into
N the yellow band than with the outriggers instalied and the booum up.
: No stress problems were encountered at any time during this test.

3 hls configuration should be authorized for ferrying the CH-47 with
i the HISS installed.

-t e e e m——

f d. Boom Extcnsion/Retraction. Previous tests had shown that the boom
could be succenssfully extended and retracted at all airspeeds to
! 110 KIAS (ref la), To verify these results, the boom was extended and then

retracted at 60 KIAS through 110 KI1AS in 10-knot iuncrements, The boom was

successfully extended and retracted at all airspeeds through 100 KIAS,
R and exhibited the same characteristics as during previous testing. The
3 boom was successfully extended at 110 KIAS, how~ver during the retraction
sequence, the wechanical locking siruis {(fig. . incl 1) moved far enough
for the torque arms to clear the down lock, but not far encugh to clear
. the harrel end of the struts. Under hydraulic pressure, the left locking
i strut buckled (photo 5, incl 1) and in so doing contacted and damaged
; one of the A-frame support members, while the right locking strut popped
. free of the torque arm. Once the torque arms were free of the obstruction.
i the retraction cycle continued without further incidert. This retraction
fallure appears to he caused by improper strut actuator function rather
than hyrdraulic stalling due to airspeed. To alleviate the possibility of
another such occurrence, the strut actuators are being replaced and the
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barrel ends of the struts are being tapered by USAAEFA to eliminate the
ridge that obstructed the torque arms. Since an aircraft emergency may
necessitate liigh speed boom retraction, bocom extension/retraction tests
through 120 KIAS should be accomplished.

8. CONCLUSIONS., The following conclugions were reached upon completion
of this test program:

a. The boom dynamics were essentially unchanged from previous con-
figurations and were acceptable under all conditions tested (para 7b),

b. The boom stresses were independent of the nozzle or manifold

configuration and are satisfactory throughout the airspeed range tested
(para 7¢(2)).

c. The boom was successfully extended and retracted at all airspeeds
through 100 KIAS (para 7d).

9. RECOMMENDATIONS. The following recommendations are made:
a., The CH-47 with the HISS 1installed should be authorized for
ferrying with the outriggers removed and T-section wmanifolde and

100 nozzle bodies installed on the boom center sections (para 7c).

b. Boom extension/retraction tests through 120 K3IAS should be
accomplished. (para 7d).

10, AUTHOR3. This report was prepared by Ralph Woratschek, project
officer/engineer and MAJ Marvin L. Hanks, project pilot.
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INSTRUMENTAT ION

Digital and analog data were obtained from calibrated Instrumentation
and were recorded oa magnetic tape. The iustrumentation system consisted
of wvarious transducers, signal conditioningz wunits, a ten-bit PCM
recorder, and an Ampex AR 700 tape recorder, The data were telemetered to
a ground station for loads monitoring. Figure 1 shows accelerometer and
strain gage locations used for this test. The tollowing parameters were
recorded:

Altitude

Airspeed

Main rotor speed

Control positions
Longitudinal
Lateral
Directional
Collective

Bendiug loads
DBy (fore/aft)
DB, (up/down)
EB, (fore/aft)
EB, (lateral)
JBy (fore/aft)
JB, (up/down)

Incl 2
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DEPARTMENT OF THE ARMY
US. ARMY AVIATION ENGINEERING FLIGHT ACTIVITY
EDWARDS AIR FORCE BASE, CALIFORNIA 93523

REPLY 10
AVIENTION OF

0CT 22 1985

SAVTE-M

SUBJECT: Report, Helicopter Icing Spray System (HIS3) Evaluation and Improve-
ments. USAAEFA Project No. 82-05-2

Comnander

US Aray Aviation Systems
Command

ATTN: AMSAV-ED

4300 Goodfellow Blvd.

St. Louis, MO 63120-1798

1. REFERENCES. a. Final Report, USAAEFA Project No. 79-02-2, Helicopter
Icing Spray System (NiSS) Nogale Improvement FEvaluation, September 1981.

b. Letter, USAAEFA, DAVTE-TI, 4 June 1981, subject: Letter Report, Heli-
copter Icing Spray System (HISS) Evaluation and Improvements. USAAEFA Project
No. 80-04.

¢. Letter, USAAEFA, DAVTE-TI, 22 June 1982, subject: Report, Helicopter
Icing Spray System (HISS) Evaluation and Improvement. USAAEFA Project
No. 80-04-2.

d. Letter, AVRADCOM, DRDAV-DI, 14 June 1982 (with revision, 13 Aug 1982),
subject: Helicopter Icing Spray System (HISS) Evaluation and Improvements
(Test Request).

e. Letter, U3SAAEFA, DAVTE-TI, 28 June 1982 (with revision, 15 July 1982),
subject: Test Plan, Helicopter Icing Spray System (HISS) Boom Structural
Dynamics Evaluacion with Fiberglass Blades and Modified Spray Cloud Measure-
ments, USAAEFA Project No. 82-05.
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f. Letter, TE-TI, 31 Aupu=i 1682, subject: Report, tielicopter
Icing Spray System (HISS) Boom Structural Dynamics Evaluation with Fiberglass
Blades, USAAEFA Project Ko. 82-05-1.

tor
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g. Letter, AVRADCOM, DRDAV-D, 1 July 1982 (with revislons, 13 July 1982
and 13 July 1983), subject: Airworthiness Release for Helicoprer Tcing Spray
System (HISS) bLoom Structural Dynamics Evaluation with Fiberglass Blades and
Modified Spray Cloud Measurements, USAAEFA Project No. 82-05.




d SAVTE-N

i SURJECT: Report, Helicopter Icing Spray System (HISS) Evaluation and Improve-
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2. BACKGROUND. Since 1973, the US Army Aviation Engineering Tlight Activity
(USAAEFA) has used a JCH-47C as an airhborne gpray tanker for helicopter quali-
fication tests in artificial icing conditions. As reported in reference la,
the Helicopter Icing Spray System (HISS) nozzles were modified during 1979 by
Installing Sonic Developumient Corp. Model 125H Sonicore atonizers to improve
drop size distribution and uniformity of liquid water content (LWC). "he altered
dynamics of the spray boom were subsequeutly investigated in 1980, -s reporte.
v by reference 1b. In 1981 a gas turbine auxiliary power unit (APU) was installed
as an additional bleed air supply for the atomizers. Reference lc¢ describes
this modification, additional boom dynamics test:; and spray cloud measurements
from the 1981-82 icing season. Varlous peratio-:al problems were encountere.
during that program, and a number of proposed modifications to improve the
design weic identified and reported at that time (encl 1). The aircraft (USA

V. S/N 68-15614) was upgraded in April 1982 by replacing the metal rotor blade-
: with fiberglass blades and changing the forward transmission an? vibration
ﬂ dampers. This resulted in a change in rotor speed, and several modifications

to the spray boom assembly were incorporated. The US Army Aviat.on Systems

Command (AVSCOM) directed (ref 1d) USAAEFA to prepare a test plan (ref le) and
conduct a 3-phase program to investigate boom iynamics (phase 1), incorporate
and evaluate imprcvements to the spray system (phase 2), and determinc spray

talklel A

E system characteristics during icing operations (phase 3). The phase 1 boom
‘3 dynamics evaluation is reported in reference 1f.
3. TEST OBJECTIVE. The objective of this program (phase 2) was to Iincorporate
and document modifications designed to impr-~ve HISS operations, and to evaluate
- their effects on the spray characteristics.
j 4. DESCRIPTION. &. The HISS is installed in a modified CH-47C hellcopter

(US Army S/N 68-15814) and consists of an 1800 gallon internal water tank and
an external spray boom assembly suspended 19 ft benecath the aircraft f-om a
> crosstube through the cargo compartment. Hydraulic actuators rctate the cross-
tube to raise and lower the boom assembly. Both the external boom assembly
and internal water supply can be jettisoned.

4 b. The spray boom consists of two 27 ft trapeze center sections with S5 ft
vertical serarators and two 17.6 ft outriggers attached to the upper trapeze
section by 4-way junctions. The outriggers are swept aft 20° and angled down
e 10°, giving a tip to tip boom width of 60 ft. The bcom is assemblec of cencen-
, tric metal pipe. Water 1is pumped at selected flow rates from the tank to the
nozzles on the boom assembly through the inner pipc (1.5 in. diameter). Thirty
manifolds for distriouting water to the nozzles are spaced approximately 3 ft
- apart along the boom cxterior. Compressor bleed alr from both alrcraft engines
J and bleed alr from a Solar T-62T-40C2 APU s supplied through the outer pipe
‘ (4 in. diameter) to the nozzles to atomize the water. There are 172 nozzle
: receptacles on the boom surface. These receptacles are staggered to provide
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ajternating upward and downward ejection ports every 6 irches. Sonic Development
Corporation Model 125-H Sonicore nozzles were installed for this evaluation.

S. TEST SCOPE. ‘the varicus HISS modifications described 1in paragraph 7 were
incorporated at USAAEFA during May 1982 to December 1983. TFourteen flights
totalliang 14.7 test hours were conducted at Edwards AFB, Californla, from July
to December 1985. Flights were conducted to evaluate proper functioning of
211 modified components, to Include the emergency water jettison system, boom
extension and retvactlon provisions, and water flow and spray system operation

and procedurec. A smoke trall wake survey was also performed to identify
interaction of *he aircraft roter wake on the spray cloud. Spray operations
were conducted ... th two nozzle configurations on the boom: nozzies installed

on the trapeze sectlens only (97 atomizers) and nozzles installed on the
trapeze and inboard two~thirds of each outrigger (147 atomizers). Previous
tegts had shown that additional outrigger nozzles were ineffective because of
the CP~47C rotor vertex. Enpgine start gross welght for the flights ranged
from 31,160 to 46,060 1lb at a center of gravity of fuselage station 334.4.
Test pressure altitude was 6000 ft and the rotor speed was 225 rpm. The limits
contalned In the operator's manual and airworthiness release (ref 1g) were
observed.

6. TEST MFTHODOLCGY. All system modifications describe’ were incorporated by
USAAEFA personnel. Coordination was accomplished with Boelng Vertol to obtain
concurrence with modifications that impacted the airframe and hydraulic systeus.
AVSCOM .ss involved in approving proposed changes that affected aircraft sys-
tems, and was kept appraised of configuration status for alrworthiness release
purposes. Tcst techniques for the water jettison, spray operation, and smoke
trall rotor wake flight tests are briefly described in the appropriate sections
of paragraph 7. Data wer2 hand recorded from aircraft cockpit gages and an
instrumentation dispiay of bYoom air and water pressures. Chase aircraft
provided visual observations and photographic coverage during individual t.sts.

7. RESULTS AND DISCUSSION. a. General. A number of wmodifications were
incorporated on the HISS to improve system operation, simplify maintenaice,
and correct severzl problem areas encourtered during the 1981-82 icing seasnn.
The affected assemblies 1included the water supply routing, emergency water
jettison system, airframe maintenance provisious, and hydraulic sv.tem. .
Performance of the modifications was evaluated during flight tests where al
affected systems were operated. A emoke trall rotor wake survey was also
conducted to wefine the downwash interaction with the spray cloud. Results
are discussed In the following paragraphs.

b. VWater System. (1) Several modifications were made to the water supply
system for improved operation. Installation of the bleed air APU for the 1981-
82 icing season to supplement aircraft engine bleed air for nozzle atomization
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resulted in higher boom air pressures and temseratures than previvusly experi-
enced. This environment increased the air and water lealage thrcughout the
boom system, causing uneven water delivery to various boom sections and recur-
ring problems with respect to frozen nozzies and growth of {c¢¢ formations on
the beoom. As described 1in reference 1f. the disk-shaped water menifolds and
associlated plastic tuhing to the nozzles were replaced by stalnless steel
T-section manifolds, steel tubin~, and high-pressure MS-type fittings. Photo 1
{encl 2) shows an outrigger equipped with these replacement manifolds. As
before, each manifold supplies water for 4 to 5 nozzles, dipending on specific
location on the boomn.

(2) vPrevious spray operations had shown that the interconnected water
passages .hroughout the boom often resuited in visible differences of water
output from the wupper and lower trapeze sections. Durlng 1981-82 iciung,
spray from the lower trapeze appeared twice as dense as from the upper boom.
At some conditicns, wide secclons of the upper trapeze wculd not opray
any water, or only spray 1In a pulsating manner. Such uneven flow distri-
bution between the two sections degraded cloud depth, wuniformity of LWC,
and consistency of atomizatlon. 3eparate water paths to the upper and lower
booms were provided by selectively blocking the internal water passages with
expandable rubber plugs, isclating the twc booms from each other. Tach vertical
boom support then delivered water from the tank to only a single boom section.
The left support supplied the lower tr: ,eze (and left outrigger) and the right
support supplied the upper trapeze {~ d right outrigger). Bleed azir pascages
remained interconnected throughout the entire boom.

{3) Water routing from the tank outlet into the boom supports was ccneider-
ably modified to improve access to individual components, siwplify maintenance,
and provide ingulation from the cold enviroiment of the afrcraft cargo-hook
belly hatch. Tlie existing horizontally mounted turbine-type flowncter had been
subject to cavitation, freezing, and contamination by debris. 1t was replaced
by a Fischer and Porter "Mini-Mag"” f{lowmeter using the magnetic indictance
principle and providing an unobstructed l-inch dlameter flow passage mounted
vertically. The main supply outlet from the water tank was relocated to the
forward part of the tank, and the water pump and associated plumbing were
removed from the enclosed support cradle beneatn the Lank and located {fn an
accessible arca forward of {t. Urethawne insulaiion foam was then injected to
f11ll the enclosed area formed by the support c.-adle beneath the tank. The
water pump outlet now exits vertically upwvard into the flcwmeter, as shown in
photo 2. The stainless steel water line continues upward to a "Y" junction
near the cabin celling, shown in photo 3, where tlie line splits into left and
right arms routed toward each boom support arm, supplying the lower and upper
trapeze sectlons, respectively. Separate electrical throttling valves were
installed in each arm of the "Y". Flexible hose connected these arms to the
steel tube sections at the boom entry points to accomodate line movement caused
by rotation of the torque tube when the boom was raised and lowered. Photos 4
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and 5 show the huse routing for the boom retracted and boom deploved counfigur-
ations, respectively. Transducers to measure water pressure in the upper and
lower booms were 1installed ard connected to indicators at the operator's
station, allowing independent measurcment of water flow to the upper and lower
trapeze controlled by the right and left throttling valves. Photo & shows
the instrumentation installed in the upper trapeze to measure both air and
water pressure and temperature.

(4) Two manual valves were installed at the lower aft end of the water tank
to allow draining water without having to punp it through the boom system or
activate the emergency dump feature. These were connected to 3-iuch diameter
hoses leading intu the alrcraft floor thrcugh two vanels just forward of the
cargo ramp hinge line. Drain openingsz were installed in the belly of the
aircraft dicrectly beneath, as shown in photo 7. These drain valves allow a
water flow rate of approximately 400 gal./min. As an additional filling port
to the gravity feed opening on top of the tank, a 1.5 inch guick disconnect
fitting was added to the lower vear of the tank to sccept a 2-inch diameter
fire hose.

c. Water Jettison System. (1) The emergency water Jettison consists of
two adjacent downward opening doors fftted in the lower portion of the water
tank. These are normally held closed by steel cables in tension routed to a
fixture on top of the tank. Cable-cutting cartridges can be electrically
activated frowm the cockpit to sever the cables and allow the doors to swing
open, resultirg in 2 rapid water dump from the tank. The water then exits the
aircrvaft through the «cargo hook opening 1In the floor beneath the tank.

(2) The original doors had recurring leakage problems because of inability
to adjust cable tension from outside the water tank, and were not located
directly over the cargo hook opening in the floor of the aircraft. Water
inside the aircraft had beer a cause of magnesium floor panel corrosion. The
jettison system was modified by providing new openings In the tank (photo 8)
centered over the cargo hook opening and mcdifying the cable assembly. The
new tank openings were enlarged by 50% to a total area of 1.5 fcz, and new
doors installed (photo 9). A strip of zinc chromate paste between the tank
and the doors provided a watertight secal. A new cable routing incorporated a
handle-equipned ratcheting winch to adjust tension on the closed doors
(photo 10). Tour-inch diameter vent holes with offset protective covers were
added to the top of the water tank at each enld. Additionally, tuc reinforced
sheet al .uinum doors were installed on the fuselage belly to cover the cargo
hook opeuning (lower rescuce hatch door), as shown in photo 11. These were
attached by full-length pilano hinges at ths front and rear of the hatch. The
forward door overlaps the rear, and is held in place with six spring-loaded
latches and a 3/8-inch bungeza. The Jocrs remaln normally closed, but swing
open downward when subject to 100 to 125 1b force from above, as in the case

of a water dump. The aft door then remains open until manually closed after
landiug.
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(3) An evaluation of the modified water jettison system was conducted to
verify proper inflight operation and evaluate effects on flight characteristics.
Followling a ground test of the dump system (photo 12), inflight jettison tests
with 1400 galions onboard were performed in a hover at a nominal 10-ft wheel
height (photo 13), level flight at 107 knots indicared airspeed (KIAS) (photo
14), autorotational descent at 100 KIAS (photo 15; and deceleration at 50 KIAS
(photo 16). The flight conditions were chogen tc represent the most likely
emergency jettison situations, such as a level flight spray mission at 120
knots true airspeed {KTAS), an emergency deccent from altitude, and an aborted
takeoff. 1In each case, gross weight and cg was representative of a typilcal
icing spray mission. The majority of the water drained from the tank within
15 seconds of activation, followed by a reduced flow for another 15 seconds
until a residual trickie remained. Spray entered the aft ramp area only in
the 107 KIAS 1level fiight condition. Handling qualities and system operation
were satisfactory im all cases.

d. Airfcame Modificatlons. To permit maintenance I1nspections under.:eath
the alrcraft floor without removing the boom support torque tube and trunnion
assembly, twelve 4" x 6" holes and Inspection access covers for these were
installed in the ailrcraft belly at locations spaced from FS 174 to 269, at
left and right BL 39, as shown in photo 17. Tec facilitate lifting of floor
panels without removiang the HISS {nstallation, the left and right outboard

floor panels were cut and respliced at FS 150 and 285 just forward and aft of
the torque tube base plate, as shown 1n photo 18.

e. Hydraulic System. The aircrafi utility system provides power to the
HISS hydraulics to run the water pump and ralse and lower the boom asscmbly.
The original configuration had 1lengthy 1line routings attached to the water
tank support cradle. This system was removed and the controls and valves were
relocated to a single panel installed on the right side of the alrcraft between
F§ 406 and 440 at the operator's station, as shown 1in pnoto 19. A 25 cubic-inch
accumulator was installed between the wutility and HISS hydraulics to avoid
pressure surges. Gauges were added at the operator's station to measure boom
actuator, water pump, and return line pressures. A failure protection circuix
was also incorporated to automuatically shut off and isolate the HISS hydraulics
from the aircraft utility system in case of HISS hydraulic fluid and pressure
loss. Figures 1 and 2 (encl 3) 1llustrate the system operation during both boem
transit and boom locked configurations.

f. Miscellaneous. (1) During previous testing (ref 1f), 2 boom retraction
sequence at 110 KIAS resulted in damage to owc of the boom downlock struts
when it failed to remain clear of the torque arm as it began to votate. New
downlock strut hydraulic actuators were 1unstalled tc kcep the struts clear
durlng the retraction cycle. A backup cable and pulley arrangement was attached
from the uplock struts to a lever on the cabin floor to allow manually pulling

both uplocks clear of the torque arm 1if the hydraulic actuators failed to
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3.

function properly. In-flight boom deployment and retraction tests were doae
at 80, 100, 110 and 120 KIAS, with acceptable results at all conditions.
Average time to lcwer the boom was approximately 55 seconds, and 40 seconds to

raise it. Boom system deployment and retraction was satisfactory at alrspeeds
to 120 KIAS.
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(2) The water tank support cradle recsts on a wooden base and is secured to

K
3 the cabin floor by steel cables and turnbuckles. The cable nretwork originally
5 connected five hard points on each side of the cradle at buttline (BL} 24.5 to

two 10,000 1b and four 5000 1lb cargo tie down points at BL 44 on the floor
adjacent to the sides of the alrcraft. To reduce interference with crew move-
ment, the cables fastened to the 5000 1b tle downs were repositioned to attach
to the next 1inboard row cof seven tie downs at BL 20. Appropriately located

holes were made in the wooden base to provide access to these Inboard tie down
points.

(3) The spray boom assembly in the retracted position prevents lowering the
cargo ramp at the rear of the alrcraft further than slightly above horizontal.
Lowering the ramp beyond this angle 1in-flight would prevent the boom from
retracting fully. A metal iudicator was fastened to the side of the ramp to
display this angle by alignment with an 1index mark above the cabin floor.

(4) Some modifications were made to the electrical systems to simplify
exlsting circuitry and eiiminate previously {installed wire bundles that were
no longer being used. Various wire routings for the boom hydraulic controls,
cable cutter circuits, valve {installations and APIJ controls were relocated to
ralse them above the floor and protect them from exposure to personnel movement
and water leakage. Corresponding circult diagrams were updated accordingly.
A second VEF radio was installed In the aircraft and a roof mounted antenna
was added at mid-fuselage.

X g. Spray Tests. (1) 1In flight spray operation was evaluated using two
9&' nozzle configurations on the boom. One configuration (five flights) consisted
- of 97 nozzles mounted on the two trapeze sections ounly, with the outriggers
Z isolated from the boom afr and water supply by metal plates bolted between the

boom flanges at thec outrigger junctions. The second configuration (four flights)
made use of the outriggers as well as the trapeze sections, adding 25 nozzles
to the inboard two-thirds of each outrigger for'a total of 147 nozzles. Seclected
water flow rates were established between 5 and 50 gallons per minute, and a
chase ajrcraft visually observed the spray plume characteristics. Instrumenta-
tion included measurement of air and water pressures in the upper a&nd lower

LR

e P U

4 )oom center trapeze sections.

-t

e (2) A serles of procedural and hardware modifications to the water passages
j]}j were made betwcen flights to improve the flow characteristics observed during
j;g operation. A "Y" fitting In the 1line past the flowmeter outlet split the

water stream in two, directing half down through the left boom support into
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'Q the lower trapeze, and half through the right support to the wupper trapeze.

N Its intended function was to deliver equal amounts of water to each trapeze

ﬁj section at all flow rates. However, below a certain flow racte an imbalance

- occurred which tended to divert all the water into a single branch of the "Y" T
'*j junction. This condition produced twice the desired flow and elevated water !
x| pressure from one boom section while the other section had zero flow and 1its l
‘f eupty water manifolds showed below ambilent pressure (suctlon). This behavior :

1% is {llustrated for both nozzle configurations in figure 3, which shows measured !
if air and water pressures during the initial tests. The imbalance 1is appareant !
A below 25 gal/min with the outriggers, and below 20 gal/wmin with just the i
o trapeze. .
!L' \
':: (3) Flectrically controlled throttling valves were placed downstream of .
N the "Y" fitting outlets to allow modulating each water path, and water pressure v

indicators for the upper and lower booms were installed at the operator's l

station to show any imbalance. This arrangement allowed establishing a stable
and balanced flow condition throughout the buvom. However, operator technique
as to sequence, timing, and magnitude of adjustments remained a significant
factor for successful operation. At low flow rates, any disturbance interrupting
£y the flow tended to trigger the iluwbalance, and caused the flow to funnel into a
n single boom support. Alr and water boom pressures with flow rate in the final

AR

s ma wmm e e

g configuration are shown in figure 4. The various modifications incorporated to
Fﬁ the spray system enabled producing a satisfactory spray cloud over the desired .
d water flow range. .
5 .
-j {4) Sceveral characteristics of the system bohavior were observed. An .
EL approximate lag ol 15 seconds clapsed from valve adjustment to visible flow )
e change at the booms. The chase aircraft was useful in esvimating how evenly l
) the mass flow was split between the upper and lower booms while establishing a :
A desired flow rate. At 10 gal/win and below, the amount of alr pressure supplied :
;g to the boom directly affected the ability to establish a balanced water flow. '
b‘ Satisfactory water tlow below 10 gal/min could not be obtalned consistently :
wr with full bleed air to the nozzles (APU plus both engines), while flcw was
. readily balanced when just the APU was supplying air. Table 1 (encl 4) shows
1 measured boom alr preasure for both unozzle configurations with several alr Lo
&Q source combinations. An alr pressure of 20 psig 1s considered the minimum |
u acceptable for satisfactory atomization, with higher air pressures generating ;
_ﬁb smaller drcp sizes. With the outriggers included, both the APU and englnes !
1 are requlred to provide enough air pressure. With just the trapecze, the APU !
N alone is adequate and is the only source used below 10 pal/min. !
- (5) Water to the boom flows vertically downward through the boom support .
;i passages and makes an abrupt turn to enter the liorizontal trapeze sectlons and
‘{ outriggers. The water manifolds immediately adjacent to the turn do not receive
g as stable a flow as the remalnder, and their nozzles tend to spray in a pulsa- ‘
; ting manner, particularly at low flow rates. This affects two wmanifolds !
1 106 |
£ ‘
£y \
]
y

e m wmi®mia laTts lalEe i Nelafila o la®a o) Tl dw L

L T o N I RACH BPE RSN
-



et

t““

%

PO

e

e &
e g

[Y—
"E‘FA—F.'- Jal

=

35

*og
Lal e

RN
o W

e

[y g’.t:‘-_l D

~a

-
®y K
aa aala e

-

S SN,

4

4
1. . e e
m‘q T T G R e O e R I A e N R R I ¥ S P

2% 4MAa tsNe imda

-y ansan

SAVTE-M

SUBJECT: Report, Helicopter Ilcing Spray System (HISS) Evaluation and Improve-
ments, USAAEFA Project No. 82-05-2

when the trapeze sections are used and four manifolds when the outriggers are
included. This phenomenon aggravates the gap in the spray at the 4-way junc-—
tions between the outriggers and the center trapeze when the outriggevs are in
use. Because of the lowered bleed alr pressure available with the outriggers
and the behavior of the nozzles adjacent to the 4-way Jjunctions, only the
trapeze sections should be usad (without outriggers) for icing spray missions
In the present configuration.

(6) The main water passages 1n the boom consist of 1.5 irch dlameter tubing.
These passages may not be cocupletely filled with water at low €low rates, as
indicated by the difficulty experienced in obtaining a bala.ced flow throughout
the boom, the pulsing nozzles at manifolds where a right argle turn in the flow
is made, and the time delay observed between flow adjustment and spray change.
Future modifications should include reducing the size of the boom water passages

to enable better spray performance at low flow rates without limiting the high
flow rates.

h. Rotor Wake Survey. (1) To define interaction of the HISS rotor wake
with the spray cloud, a flow visualization survey using smoke was conducted.
The flow survey attempted to define the point where the downwash, as detined by
smoke injected beneath the atft rotor, intersects the spray cloud and disturbs
it with turbulence. A commercially available Compro Aviation "Drift Finder"
smoke generator unit was Installed in the aft cabin cargo ramp area as shown
in photo 20. 1t consisted of a 3.5 gallon capacity tank and an electrically
driven pump, with a flexible line routed to a nozzle installed in the Cl-47C
APU exhaust pipe in the aft pylon. When activated, the unit 1injected a flow
of Texaco "Corvus-13" o0il into the APU exhaust, producing a cloud of white
smoke from the six inch diameter APU exhaust port located abcve the aft cabin
cargo door opening (phcto 21). The rotor wash would entrain ond deflect the
snoke downward in flight. Validity of the smoke as an indicator of rotor wash
location was verified by flying a UH-60A helicopter at various stLandoff dis-
tances behind the HISS, as shown 1iu photo 22, and noting when downwash turbu-
Jence could be felt affecting the main and tail rotor systems. A chase alrcraft
correlated relative position of the smoke to the UH-60A rotor systems when
turbulence was perceived. The lower edge o” the swmoke cloud agreed reasonably
well with the onset of turbulence.

(2) Side views of the HISS, smoke trajl, and spray cloud taken from a chase
alrcraft are shown 1in photos 23 through 27. Alrspeeds of 80, 90, 160, 120 and
130 KTAS were flown at an average gross welight of 44,000 1b, pressure altitude
of 6000 feet, and amblent temperature of 13°C. Although a well defined horizon
for reference does not appear on this series of photographs, the spray cloud
trajectory can be seen to form a shallow downward curve at an angle below the
horizontal. The angle 1increases with decreasing airspeed. These spray
characteristics indicate the presence of flow field effects at the spray nozzle
location on the boom assembly. Using two separate photos from cach zirspeed,
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figure 5 shows the average distance behind the booms that the smoke contacts
the spray cloud. The CH-47C fuselage length of 50 ft 9 in. was used for scaling
distances from the photographs. Figure 5 alsc shows the calculated distance
for downwash interactlion using simple womentum theory and an assumed horizontal
spray sheet without downward deflection. The calculated distances are comparabie
to those measured on the photos around 90 KTAS but are considerably shorter at
slower speeds, and increase much more rapidly at higher speeds than those
observed during the smoke survey.

(3) Spray from the upper and lower trapeze merges at approximately 150 ft,
and test aircraft try to maintaln a standoff of 180 +10 ft from the booums
during icing immersions. The smoke survey indicated that this distance remains
relatively free of rotor wash for the 90 to 120 KTAS airspeed range normally
used for icing. The smoke trail at higher airspeeds suggested that the rotor
wash distance does not increase much beycnd 200 ft, indicating that greater
standoff distances are uwot practical with the present boom configuration.

8. CONCLUSIONS. The following conclusions were reached upon completion of this
test program:

a. The emergency water jettison system operation was satisfactory at all
conditions tested (para 7c¢).

b. HBoom system deployment and retraction was satisfactory at airspeasds to
120 KIAS (para 7£(1)).

c¢. The various modificatlions 1uncorporated to the spray system enabled
producing a satisfactory spray cloud over the desired water flow range
(para 7g(3)).

3. RECCMMENDATIONS.

a. Ouly the trapeze secticns should be used (without outriggers) for
icing spray missions In the present configuration (para 7g(5)).

b. Future mudifications should include reducing the size of the boom water
passages to enable better spray performance at low flow rates (para 7g(6)).

10 AUTHOR. This report was prepared by Mr. Daumants Belte/Project Engineer,
Autovon 350-2227, Commercial (805) 277-2227. ’
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Trip Report: Helicopter Icing Spray Systea
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l. Trip Requirements:

a. Urder No. & Date: T.O. 3-29, 18 Mar 1982
b. Plsce: Icing test site, St. Paul, MN

c. Date: 21-27 March 1982

¢. Project No.: N/A

e. Fytimated Cost: Total 8845,

f. Other travelers: None

2. Purpose of Travel: Observe HISS opecations during the final week of fcing in Minnesota
and identify ex!iting problem areas for correction prior to next icing season.

3. Itinerary: Los Angeles to St Paul MN, 21 Mar; return to Los Angeles 27 Mar 1982

4. 1Individuals Contacted: (ABFA personnel on site) 171G Ward, Chuck Blum, Heanry Sanford,
Ralph Woratschek, Vern Diekasnn, MAJ Hanks, Bob Robbina, Don Stafford, SFC Senatore

5. Discussion of Probleme: Ax ia-house AEFA gtaff briefing r-8 held on 17 Mar 1982 to
outline HISS {mprovement planaing and objectives, with 2mphasis on near-term and {ateriw
design efforts to upgrade the dISS uatil a replacement system becomes available several years
downstream, This TDY to Minnesota came aboui as s result of this meeting, with the objective
of evaluating present HISS operating procadures and problems on site, and assimilating them
into a near-term plan for required modiftcations to improve the system for the 1982-83
icing season.

6. Significant actions: During the S working days spent 1in Minnesota, most phases of
operationel and maintenance procedures for the apray system were reviewed and observed,
Included were 3 flights aboard the U-21 chase/cloud measurement aircraft and 5 flights
aboard the HISS at both forward and aft cabin operacor's starions, Discussious with icing
project personnel and HISS crewmemebers brought up 'a nuaber of problems identified in the
courge of the icing secason, aad generated a number of ideas for problem correction and
syslem improvement, Section 7 (Conciuwsions) desciibes these observations, and section 8
(Recommendations) outlines the proposed tasks that need to be accomplighed this year for
near-term lmprovement.

7. Conclustons:
a. Upper/Lower boom epray difiererce. A definite difference 1in water output exists

betwaen the upp2® und lower trapeze. Spray from the lower boom appears about twice as densa
Fs the upper epra;. At some conditions, wide sectious of the upper trapeze do not produce

n, ‘ater at all, or only spray i: & pulsating manner. This {s presently the most significant
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;: drawback of the HISS ead product,. i.e., composition of the spray cloui. The uneven distri-
"{f bution of water to thie nozzle array sand the pulsing effect are plainly vieible, and signifi-
s cantly degrade cloud quality as to cloud depth, uniformity of LWC, and droplet MVD. During

project 80-04, (boom dynamice after first {cing season with sonicore nozzles) it was noted
that the "Y* juaction that delivers wetar to the boom supports 2. each aide does not do
thie evenly. Rotation of the "Y" from one side to the other betwsen flights would alter
spray density patterns. The additionel APU air now available (with rtcsulting new leaks)
has seriously aggravated this condition. The proposed changee for water piumbing and routing
into the booms must compare slternate methods tc deliver aqual amounts of water to the upper
and lowar trapeze (including flow pathe, line size requirements, adjustable

restriction of water to the lower boom, and poseible use of a hydraulic flow seplittes
device) to identify a workable solution.

by
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.
A
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b, Water tank/pump/plumbing. The water tank and plumbing are another area needing major
modification, The emergsncy water jettison doors on the tank bottom cannot be properly
tensioned closed to prevent leakage. On two occasions this year, the doors were partiuilly
opened (by manually loossuning the cables insi=ad of operating the cadle cutter) to reduce
vater load prior to precsutionary landings. Since the cargo hook belly opening of the
aircraft is not directly under the weter doors, large quantities of water were releaued
onto the aircraft floor (magnesium floor panel corvosion has been a recurring probiem). A
tecond mesus of manually draining water during flight needs to be incorporated. In flight,
the belly opening allows a flow of cold ambient alr into the cargo coapartmwent. At a -15°C
condition, temperature in the aft cabin was measured at 25°F (--4°C) and a constaat flow
of circulating air could be felt. The wind chill factor was the aain source of crew discomfort
inetead of actual tesperature. The water pump, turbine {lowmeter, and sight gage fittings
are all uninsulated and at floor level under the water tank (exposed to ambient airflow
from the belly opening), and freering in each of these has f{mpalred spray operations. A
needlessly long aud complex routing of various size steel linee and clamped hose counectors
has remained in place from previous coufigurations. The area around aad beneath the water

NN ALY B 5/

'Lfi tank can be cleaned up to eliminate these problems by relocating the pump and flowmeter
k) forward of the tank, reroutiag and converting to hLard-plumbed stainless ateel tubing with
Eféi MS fittings, relocating the tank jettison doors and modifying the cable cutters, and adding

inspectio>n panels on the aircraft belly. The open area under the tank can then be insulated
and isolated from the cabin, Possible use ¢f moveable aircraft belly doors (as used during
one "B” mcdel Chinook program) can also be explored.

¢. Torque tube/support arm plumbing. The routing of air and water lines into the boom at

the torque tube and top of support arms was reversed in Minnesota as an expedient to

alleviate a leakage problem, rnd changes were made to tubing in the support arms. The

torque tube seals as inetalled are inadequate. The torque tube fittings that plumb in air

aud water were originally designed for a different configuratifon, and necd to be relocated
u

B s ik
g
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AQPi and properly polnted to siwplify vouting, shorten line lemgih, and save weight by eliminating
whi items no longer necesgary,
gé d. Tubing and flex hose within boom. The 4.U bleed air delivered to the boom is both hotter
1 and at higher pressure than the engine bleed available in the past, and has caused several
”t problems for the boom. A number of clamped pleces of rubber hose are used as conuections to
’#ﬂ join sections of the interior conceantric water 1live within the boom and support areas
1 (i.e., where the plumbing first enters the boom, acrose the explosive bolt jolnts, and
l -~ between each adjacent water manifold on the spray booms). These lines are subject to water
i j flow whilie spraying and hot bleed air while purging. The hose sections deteriorate and
=5 leak, and the metal pipes are subject to corroaion (8 years of corrosion deposits have
A 11c
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accreted). None of the metal tube ende have a bead arcucd the rim for proper hose fit., All
the rubdber conuections inside the boom were replaced with fresh hose in Minnesota, and
some sections of tubing in the support arms were replaced with stainless steel. After five
days of opération, the nswly replaced hoaes had hardened, and were only loosely held onto
the setal tubes by the originally tight clamps. Since then, high tsaperature Turbohose
(Flexfad Co.) has become available, and should better withstand these operating conditions.

e. Nozile manifolds/plastic lines. The same elevated bleed air temperatures lLiave caused
coatinuing problems for the external boom manifolds and plastic tubes supplying water to
the nozzlas. It is 0o longer poseible to meictain a completely leak - free connection
bstwssn the brass fittings and plastic tubes, requiring increased maintenuance and resulting
in numerous leaks and formation of “popsicles” while epraying. Repiscing the aanifolds with
propar size astainless steel “T" fittings that lead to a sectioned sterel line running from
one manifold to the next along the length of the buom exterior should provide tightly cealed
concections to the nozzles, and not add any wore line length than presently expoged to
ambient eir. Welded fittings would have to be fabricated onto the steel iine sections to
provide uniforaly shaped leads to esach noxzle. All joints would be of standard high-pressure
NS fittings available from the inventory. Such a design would eliminate the present external
manifold/plestic line sat-up with wost of its inherent problems. Provisions to drain water
from the boom water lines could also be incorporated in thie basic design change,

f. HISS instrumentation. Present instcumentation onboard the HISS hus several shortcomings.
The pressure traneducers (boom, engine, and APU air and boow water) are of mixed absolute
and gage pressure tvpes. The delta prassure (static to total} transducers for engine and
AFU air (for mass flow) could not function at high temperature and did nct work in Minnesota.
The water pressure gage availabie to the spray operator ia the aft cabin anly wmeasures
pump outlet pressure., This can vary over a wide range at a given flow rate depending on
individual adjustment of the hydraulic water pump setting and valve opening. and {e not
related to boom water prassure. Preezing of this gage has occurred. Resolution of the
flowmeter 18 only 1 gellon per minute, and the rotary vene flowmeter has also wxperienced
damage from freezing and required replacement. Plowmeter indicated valuee arc presently
off from actual by a factor of rwo. A "best” technique for setting up water flow to the
boom does not exist, and displaye available to the crew are not adequate to define a con-
sistent methed that would be repeatable from operator tc operator. Centrally relocating
present operator's indicators (flowmeter, radar altimeter, pump outlet pressure), adding
new gages (boom and line pressure), replacing unsatisfactory sgensors with more durable
units (delta pressure, flowmeter of proper range and sensitivity) and defining operator
procedure should aliow repeatable and satigfactory spray s;stem operation.

g. Electrical system. The HISS-related electrical wiring 1installed in the cabin ares
requires coneiderable rework to eliminate recurring problems. The APU and electrical valve
wiring installation should be rercuted through protccted rums off the floor {tc avoid
personciel movement and water on the floor), and various connectors and cannon plugs need
replacement. Some excess electrical wiring from previous programs is still in place, and
unkrnown wire bundles need to be traced, identified, and removed if no longer necessary.
Color coding for positive identification and addirion of test conunectors for troubleshooting
would simplify future operation. The boom-deployment and control box wiring from the cockpit
algo falle in this categery, since modifictions have been made, but functioning 1s atill
not entirely reliable. Size of this effort requires at minimum a full-time dedicated
electronics technician untii completion.

e e ]
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h. Boom uplocks, The control circuitry to raise and lower the boom, and the uplock releasa
sud fasten mechanisms each require rework for satisfactory operestion. The uplock mechanism
has phveically released one side of the boom on lsuding touchdown. The activating circuitry,
aficroswitches, and manual cable release require careful operator timing and “feel”, and
are not entirely reliable.

g

{. Radioe. The headmet plug-in ICS box accepts jacks for & crewmembers at the rear of the

'S: HISS, but 1is not wired for FM transmit capability to allow direct communication with the

{i- test aircraft. This often prevents timely reporting of obwerved icing events affecting the
%:{ teet aircraft. Additionally, the VKF radio installed in the HISS has predented some diff-
] ':- fculty 1a interfacing with frequencies of the commercial test aircraft using the HiSS;
NI installation cof a se2cond VHF unit would fmprove this situation.

j. Boom structure. Some indications ot twisting at a wear point within the boom aseembly

"

Lo have appeared during this icing sesson, end magnaflux or x-ray inspection of the br~z should
EFL: be performed before further use and modification of the boom, Since thie would - .> enteil
'3{} stripping the present coat of paint, the respplied coat should be of better quai..’ (epoxy)
%;ﬁf and color (black) for improved appearance to subdue the swuudges and staine of nc.aal

operatioen.

L

k. Hydraulic failure protection. The wutility hydraulics for bcom operation are still
directly tied in to the aircraft systems, A protection-circuit design exiots and most of
the required components are presently available. Approval from St. Louis for this modifi-
e catica has boen pending and should be pursued and {mplemented.

¥
.

PR

l. Refueling. The 5000 gal. fuel tanker allows simultaneous use of 2 fueling hoses, each
puaping at n%out 60 -gal/min. Not counting time Eor vrepositioning the fuel truck from
left to right sides of the aircraft halfway through refueling, che entire 806-gallon usable
tank capacity of the HISS can be fueled in less than 7 ainutes. This current procedure
is fairly efficient and decreases turn-around tliae between flights.

m, Rewatering. A single fitting is instnlled on the top rear of the HISS water tank for
taking on water, It wust firet be completely removed to add the chemical dye, then rein-

P
/ et

ﬂﬁf: stalled to attach the water hose. Thc 90° bead in this fitting does not slways return to
r?ﬂ? the same position when screwad back in, and is usually angled off to one side where it
'3} interferes with water hose attachment., Since the water faucet inside the hangar ie near
1zb: the noge of tne HISS, several turna of the hosc are needed to route it 1into the aft cargo
- a area of the HISS, where kinking can occur in the final several feet. Diameter inside the
iﬁs_ fitting 18 less than that of the hose and probably restricts maxiwum flow rate. This
i&ﬁ: arrangement allows adding water at 75 to 80 gal/min, which requires about 18 mioutes for a
jﬂﬂ{ full water load of 1400 gals, Dusl fittings {fore and aft) should be i{nstalled on the tank
fﬁ to allow procedural flexibility, and they should be gired and oriented to accept full flow
kY of the water hose to reduce turnaround time,
T4
,fg n., Water temperaiure, Water temperature onboard the HISS tank remaina counstant at about
g:{. 42°F. This was meadured both for water coming out of the eupply hose in the hangar, and
- for water drained from the HISS tank after an ic!ng flight at -15°C (+3°F).
r.
. o. Water sight gages, The aight gage markings for the two plastic tubes on the water tank

s
Py

disagree with each other by as much as 300 gallons. Both the upper surface of the water
tank and floor of the aircraft are lhorizontal on the ground (0° msasured with & bubble
protractor), and about 2° nose down measured in flight et 110 KIAS., The mid-tank sight gage

112

F

AR

[
'_“." i -
eI N




B

L

rocs
%‘\1‘.

Y

1’;1 g”

L3
-

B2
e

g

AR

oty
Y2
H

"
4
.

DO
O .

5%

TR

>

¢
r

l R: I
R N,

DAVTE-M
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1e accepted as the more accurate ot the two. At an OAT of -15"7 water froze in the tubes
vhere they pluamb ioic the btottom of the tank and dirabled the sight gages (no change in
indicated water lavel), although visible water remaired liquid where the gages are read.

p. Boom angle. When the boom 1s deplceyed in flight, the support arws are locked at some
angle slightly swapt back from vertical. Airborne photographs taken this year alloved
measuring this angle relative to the aircraft (14.5 to 15°). The actual angle can vary from
year tc year depending on hoom downlock sdjustwent when reinstalling the t'unnion pallet.

q. 4asp position. The cargo ramp at rear of the HISS can only be iowered to scme angle
sbove horizontal befors it prevente rateing the boom assemdbly to the fully up and locked
position. Painted liunes to mark thie angle wear out quickly, and can't be seen at present.
This can be solved by fastening sheet-metal fudicators.

r. Safety net. The ssfety net stretched across tne rear HISS opening is a makeshift itew
and needs replacement ae¢ to proper fit and esse of use,

s. Maintenance. Use of the HISS has risen over recent 1icing seasons (increasing number
of sTuultaneous icing projects), and both maintenance support and spare parts availability
shculd be addressed prior to the next deployment. This season's effort in Minnesota resorted
to a 2-shift operation to support so wany as 4 attempted flights per day, as well as perform
required maintensnce and (sometimes major) unscheduled repairs to both the aircraft and
spray ayetem. Completing the routine aircraft phase maintenance as well a8 proposed HISS
system modifications prior to next fall will require a greater level of maintenance e{fort
than previously allocatad to the HISS tetween icirg seasone, The work ehould be schoduled
to fintah early enough (e.x., 1 October) to silow sufficient time for in-flight checkout
to identify and correct problems, and to accumulate flight hours for crew trai-ing and
procedure gtandarization. This aspect has been neglected in the paet. with checkout of
crews and systems b ing hurried after deployment to Minnesota. Spare parts availability,
especially of one-of-/ kiund KISS iteme, can impact the eatire icing effort if a breakdoun
occure. The concept of a dedicsted parts var for alfrcraft and epray syseteuw items should be
implemented. Critical opare items need to be identified (e.g. electric valves, nozzle
components, J-={;umentation {tems) &nd procured. Some components of the All-American RIES
design, such as the hydraulic actuatora for the boom, were origiually items obtained from
eurplus availatle in 1972. Replacements cao no longer be found, and overhaul with substitute
or specially fabricated parte is the only way to keep such components functioning. Commer-
ically available mwodern items with similsr capability should be identiffed to =eupersede
these, and planning started for their replacement. Scheduled maintenance on the activity's
other Chinook should be geared toward replacing esystems components as they come due with
perts that insure commonality with those on the HISS. Installing & chip light debris
detection system to 1identify which sepecific plug was activated would improve turnaround
time by eliminsting inspection and draining/cefill efdforts needed just to locate the problem.
In anticipation of outdoor maintenance at freezing teaperatures in event of a forced landing
(as occurred this year), a canvas/parachute cover for the aiircraft should be obtained
under which the crew can work while heated by Herman--Nelsons.

8. xecommendations: Based on the i{teme discussed above, the tasks listed in inclosure !
wust be accoaplished and can realisticelly be completed before next season with in-house
capabilities (contingent on commitment of resources). These {tems listed represent the near-
term solution; a concurrent effort is also needed to plan toward the major items for the
intermediete phase (i.e., veplacement water tank and replacement boom design) beyond next
icing season,
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9, Actiop Re-utired:

&, Workable praliminary designs already exist for moat of the modifications proposed.
Detailed follow—up &t this time is required so that coordinated activity cac commence upon
return of the HISS from Pt. Campbell during the week of 19 April 1982,

b. Preparation of & coR~ estimate.

c. The prcposed plumding modifications are expected to correct existing shortcomings
and be adequate to handle more than full output of the APU., Review and analyeie of pressure,
temparature and spray data juet taken i3 required teo properly evaluate the pending option
of adding a secood APU source.

d. 1The scope of the eifort proposed here represents a sizeable commitment of in-house
resources. An activitv etaff meeting is required to review the intended plan and agree on a
course of action, to coordinate taska, echedules, and manpower requirements among all par-
ticipants involved. and to reeolve the following areas: (1) time frzme of the boom dynamics
flight tests with the naw fiberglass blades and lower rotor RPM, (2) coordination require-
wents with AVRADCOM in St. Louils, and relationship of the AEFA effort to the design study
i- progrevs {Boefng-Vertol) for iuterim iwprovements and HISS replacement.

R
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Plenned tasks for near-—terwy H4ISS improvement - 1982

Hztar tank dump doors — relocate cente-ed over helly opening
Water jettison cable releate — redesign/reloncate
Manual water dump - inetall new valve to dratn water from taunk (in-flignt)
Water pump - replace/relocate from beneath tank to fwd of tank
Flowmeter —~ replaca/relocate
Incorporate mathod to deliver equal amounts of water to upper and lover btocas.
Interior water linaé & hose connectore - rerouta/veplace w/l~1/2" stainless eteel nard
plumbing w/MS fittings
Replace eingle aft €iller fitting with fore and aft fittings wirzed to aliow full hose
flow
S8ight gzages - apply cousisient markings for water quanftity

- fnsulats ccunactions to water tank
Install belly inapaction panels (req. St. Louis approval).
Insulate/isolate area undewr water tank from crew cabin
Javestigate availability of moveable belly dvors for aircraft
Rework torque tube saals, relocate air and water entry pipes into boom (rorque tubhes and
uppsr support arm modificeti-n’
Replace all boom intarior hose connection with hi- temp Flexiab turbohose
Wald rim heads on all pipe seciions taking hose connections
Disaszenuble “»oom componsnts - magnaflux/x-ray for structurai integrity

- clean and apply anti-corrosion trestment to pipes
- repaint (black epoxy)
Boom manifolds - replace manifolda w/compatible rized "T" fittings
~ run sections of metal tubing along boom exterior w/individual
1ines to aach norzle (identical)
Rydraulic failure protection c* -uit - install (req. St., Louis approval)
Uplock mechanism — rework fer .cliability of mechaniem ¢ maual controls
— microswitches & wiring

Electrical systems - reroute wiring for APU & eclectric valvaas through protected runs
off floor
- check al'l connectors and cannon plugs, rebuild as required
- trace and ident.fy various unknowm wire bundles
- color code wiring & install test connectors for troubleshooting
- reawork cockpit boom control box and wiring for vreliabflifcy
Zadios - add 2nd VHF to cockpit

-~ add FM trensmit capability to aft cabtin IC3 box
Instrumentation —~ obtain durable pressure transducers (hi-temp)
- replace flowvmeter with more durable ui:it
~ obtain adequate repliacement spares
— identify requirements for operator's parel
Operator procedure - develop repeatable techrfque using quantitative {ndicators
Install shest metal irndicator for ramp positio

Tnatell radasisnad vresr ramn 24fatbw ~ae
ineTell TICLASLEUEL ra28T Tamp sSarTly nec

Fabricats canvas aircraft cover for outdcor maintenance

aa, Install chip-lignt debris—detection system
bb. Procure dedicated apare parts van & stock with critical items aund high use parts

Tuel 1
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Inspecticn Access Covers Added to Alrcraft Belly

Photo 17.
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Spray Cloud and Smoke Trail at 8G KTAS

Photo 23.




rail at 9C KTAS

d and Smoke T

Spray Clou

Photo 24.

. 119




VI 001 3® [leal avoms pue pnoip feads -Gz o30yd

140

ot e - T —.




S

SvId 0Z1 3B {TeRil @jomwg pue pnoid Arids

-9z o3loud

141







SVIM (21 3® 7RIl Howg pue pnol) L=adg

*9¢

141




.
-‘ m
. <
- , E_(
- "4
- <
- [3a}
- —l
&~
- i m
. r—
N -
[u]
\‘ Ll
\' [_‘
b @
- ~
' o]
: i
o
™3
. j =
I
g v}
. ps]
[o]
. —
. o
>,
2 x
—
(A%
. w
.
, .
B ~
- ol
: Qo
E.)
(o)
. =
[
[]

VA7




WATER

SUPPLY
A

-]

[

RETURN
VALVE

PP
VALVE
2
10 '/uucn
PUNP FLOW CONTROL
DOWN MAIN
L0CK ACTUATORS
LIFTED RETRACTING PRESS. REG.
out O \\‘
TOROUE 4-WAY PRESS. R
TUBE VALVE
& TRUNNTON
HOUNT 800H1
) ACTUATOR SOLENOLD
VALVE PRESS
ERERGI7ED REG.
FRON W JATER PUIP s )
Boom Lowering (Deploying)
WATER
PURP
VALVE
L]
////r J
10 .(;ATER J
PUM FLOW CONTROL
00wWN HAIN
ek AC)UATORS
zbiTEO A EXTENDISG PRESS. REG.

£ROM \\&TER Putw

=R
7/ O

U

RETURN
VALVE

Ac.uA7oa SOLENOID
VALVE PRESS.
REG. JJ
Boom Reisi. ' (Retracting)

SUPPLY

ETURN

SUPPLY

ETURK

Figure 1. Depiction of Utility Hydravlic System with Boom in Transit.

Shaded Tubing Indicates Pressurized Lines.
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Shaded Tubing Indicates Pressurized Lines.
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Depicttor of Utility Hydraulic System with Boom Stationary.
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FLOW IMBALANCE
A

: FIGURE 3 L
HELICOPTER ICING SPRAY SYSTEM!
OPERATING AIR AND WATER PRESSURE
JCH-47C/HISS USA S/N 68-15814

1. Separate water paths.to upper:
and :lower booms, flow divided
only by ®"Y" junction

2. Sonicore model 125-HB nozzles
installed ,

3. Engines and APU used as air.
source

4, Upper trapeze —~O—-

- Lower trapeze —8—
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Table 1.

Avallable Boorm Afir Pressure

Boom Air Pressurel (PSIG)

Trapeze Plus

NOTES:

Bleed Air Source Trapeze Only2 Outriggers3
 aromy Cman 12
APU plus one ENé;;; _ g ‘ 19-1/2 -
APU plus bo:;uENGINES 30 24
Both ENGINES only 14 B 6-1/2
Single ENGINE onl;- 3 i 2

LUpper and lower boom values averaged;
flight conditions: 100 KTAS, 5500 ft Lp, 10°Ta, 50% Q-
2Upper and lower trapeze sections with 97 nozzles.

3Trapeze sections and both outriggers,

Fnel 4
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DISTRIBUTION

HQDA (DALO-AV, DALO-FDQ, DAMO-HRS, DAMA-PPM-T,

Js

us

us

us

us

us

us

us

us

Uus

us

us

us

DAMA-RA, DAMA-WSA)
Army Materiel Command (AMCDE-SA, AMCDE-P, AMCQA-SA,
AMCQA~ST)

Army Training and bLoctrine Command (ATCD-T, ATCD--B)

Army Aviation Systems Command (AMSAV~-8, AMSAV-ED,
AMSAV-Q, AMSAV-MC, AMSAV-ME, AMSAV-L, AMSAV-N,
AMSAV-GTD)

Army Test and Evaluation Comnand {AMSTE-TE-V,

AMSTE-TE-0)

Army Logzistice Lvaluation Agency (DALO-LEI)

Army Materiel Systems Analysis Agency (AMXSY-RV, AMXSY-MP)

Army Operational Test and Evaluation Agency (CSTE-AVSD-E)

Avmy Armor School (ATSB-~CD-TE)

Army Aviation Center (ATZQ-D-7, ATZQ-CDC-C, ATZQ-TSM-A,

ATZQ-TSM-S, ATZQ-TSM-Lh)

Army Combined Arms Center (ATZL-TIE)

Army Safety Center {(PESC-SPA, PESC-SE)

Army Coat and Fcoromic Analysis Center (CACC-AM)

Army Aviation Rescarch and Technology Activity (AVSCOM)

NASA/Ames Research Center (SAVRT--R, SAVRT-M (Library)

Army Aviaticn Research aand Technology activity (AVSCOM)

Avlation Applied Technology Directorate (SAVRT-TY-DRD

SAVRT-TY -TSC (Tech Library)
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US Army Aviation Research and Technology Activity (AVSCOM)
Aeroflightdynamics Directorate (SAVRT-AF-D)

US Army Aviation Research and Technology Activity (AVSCGM)
Propulsion Directorate (SAVRT-PN-D)

Defense Technical Information Center (FDAC)

US Military Academy, Department of Mechanics
(Aero Group Director)

ASD/AFXT, ASD/ENF

US Army Aviation Development Test Activity (STEBG-CT)

Assistant Technical Director for Projects, Code: CT-24
(Mr. Joseph Dunn)

6520 Test Group (ENML)

Commander, Naval Air Systems Command (AIR 5115B, AIR 5301)

Defense Intelligence Agency (DIA-DT-2)0)

Federal Aviation Administration Technical Center {AWS-10CN)

Federal Aviation Administration Headquarters (Dick Adams)

e W

En o an un o m




