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1ACA ARR lNe, EAJ0H
RATIONAL KIVISRY COMVITTEE FOR AERONAUTICS
ALVAECE WECSTRICTED RZPLZRT

FLUID DE~ICING TESTS O A CFANLLER-IVANS 1500 CFe-3
CAREUPSIOR MOUNTAD O A PRATT % WHITHZY R-1830~C4
INTZRYLDTATE RSAR sBGINE SECTION

By Ferman E, Galvin and Henry A, sccex

INTRODUCTION

This renort iz the second in a series of three covering results
of an investigatica of the icing and de-ieing charscteristices of a
Fratt % Wnitney R=1£30 engine induction system, The research was
enrried out by the NACA at the Hutiontl Tureau of Standards in Sep=-
tember ond Cetober 1043, The flrst repert (reference 1) deals with
the ceterminntion of 1lmiting ieing corditions ~nd receuarch on hetted-
air de-icing for thir inductien system. which includes a Chandler-
Zvans 1900 CPB~3 carburetor mcunted on an R-1830-C4 intermediate rear
engine section, .

The presant repert covers a propram to determine the most effec-
tive rate ard method of injection of du-lieing fluid to remove a heavy
ice fermrticn fron the induction syrtem, The third report in the
serles (raferance 2) covers recenrch nu the ictsy churasterictics of
the inducticn systenm which includer 2 pendix-Ctremberg ID-12F5 car-
turetor,

The criterion of de-icing effeativenzss expleyed in the inves—
tigaticn of fluld de~icing war the tire required to recover 95 per-
cernt of the eoriginnl air=flow rate after the ¢ngine power, 28 repre-
sented by the nlr flow, had been raduced owing te the formation of
ice, Four de-icing rluids 2nd three typves of injection nczzle vere
investigated, 1In order to determine the effect of inlet-uir temper-
ature on the de-icing effectivences of the fluids, tests were made
at 25° F and 40° F3 :nd, in order to delirmine the effect of engine
cperation, tests were made ot simul-tea rated power (nir-flow rite,
7000 1b/hrg fueleair ratic, 0,100) and at cimulated eruising pouer
(nir=flow roto, 4000 1b/hrs fuel-air ratio, 0,07C).
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2 NACA ARR Mo, E4JC6

APTARATUS AND DE~ICING FLUIDS

Tre test apparatus was thet uced in the iecing tests descrited
in refersnce 1 with the addition cf the de-icing-fluid injecticn
system shown in figure 1,

-~

The three tyres of injection nezzlz used in the tests were
modified army nozzles, standard Army nozzles, °nd lelley poppet
valves, The modified Ariy nezzles sre oriming nozzles having the
exit orifices drilled cut with a ¥e. 74 drill (0,0225 ir.) to per—
vit hirh fluid flows at the availakle pressures, The standard Army
riozzles 2re alsn priming nezzles with Ho, 76 (0,020 in.) drilled
exit or.flces, The Holley poppet volves (provided ty the Holley Car-
tureter Ce.) are soring-lozded velves that open under light fluid
prassure and produce u conical sproy,

The de-icing fluids used were iscpropyl zlcchel, prepyl 2lechol,
Shellacol, and Solox D-I, Shellzcol is chiefly ethyl alcchel dena-
tured with small quentities of methyl aleohel, ethyl acetate, methyl-
isobutylketone, and gusolinejy Solex D=I is a mixture of 50 percent
ethyl alcohol 2nd 10 percent methyl alcohol denatured with o small
uzmount of a chemical rust inkibitor 21d with 1 sallon ef gascline
added per 100 gallons of alcchol mixture,

TAST TROC2DURE

The test procedure censisted in setting the air-flow rate and
the air temperature to the desired value:n for the test and humid-
ifying the 21ir to saturaticn, iflern air-flow rate, temperature, and
humidity were correct, free water was injected nbove the carburetor
st the rute of 500 prams per mim:ite to simulate flight through rain-
£all, (This water injection should not ke confused with water injes-
ticn used to suppress knock.) Simult-neously with the injectien of
water, fuel flow at the rate necessory to give the decired fuel-alr
ratins was supplied, Ieing was permitted to proceed until the air-
flow rate wac reduced to 2500 pounds per hour. When this r~ornditicn
%25 reacred, the water-injecticn rate wos reduced to 250 grams rer
rminute and the de-icing 1luid wis injected st a predetermined rate,
Readinges of air flow snd fuel flow were taken zt frequent intervals
until either recovery was complete cr it became upparent that there
would be no recovery. In cne tet of tests, this rrocedure was varied
by using 2 different rate of free-water injzetion in each run,

- A summary of the test conditions ir presented in the f{ollowing
tables
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3.risg|3imilated] Carbu- | etar- Type of s=fcing |Da-icing=-

wngine rotor= | injce- injcction | fluid fluid flow

power ° |air tion nozzle rato

sendition] teoper-] rate (1v/nr)

atwre | during
. (“®) |de=teing
(prams/
min)
A Cruising ho 290  |Modified Army| Isopropyl| 20 to 90
e2leohol
B et e 10 0 to 670 do —==l0 60
c e (e 10 250 Holley ———lO h0 to 90
D ——om— 10 250 3tandard Army| ==—Go====| 30 to 30
B Rated ho 250 Modifisd Army] ===do=——|>20 to 80
F ——elgm—— 25 250 1o ——l0 70 to 80
G Cruising 25 2°0 0 ———do 20 to 80
H ——t]Q=— L0 280 ~————elo=— Fropyl 720 to 70
aleohol

I e | menee ho 250 mmmeatipmemem—m—| Shellavot| Z0 to 70
J e ho 280 =m0 Sotox D=I| 20 to 70

table 1 and are plotled in fiur.s 2 to ¥,

RIESULTS AND DISGSUSSTON

Th.: results of the fluid de-icine testc are presented in

11} of the fluiids tensted

axcent propyl &leohol exhilited crratic and unreproduciltile recovery

times for similar flow ratas.
9f-porecnt air-flow reeovory at any of the flow rates used.

treoyl aleohol failed to achicve

Thae

effeet of the de-icing=fluid injzction roto on the tim: for air-flow

recovery for ths othor thro
indicaztes: that the rocovery time tonds

fluids is

shown in Lirure 2, which
to decrcase with an inerease

in the de-icing=fInid injoction rate when modifizd frmy noszles are

of a curve,

used; the scatter of the noints, lowever, dous not pormit th: fuiring

The recovery times romliing from ths use of the threc types of

inj=clion nozzlc ar. comparsd in figur: 7,

Mane of the irjoction

nozzles showed argys meried svperiority in effectiveness and the

rather erratic results do not permit the falrine of 2 curve.

The

tendeney for the recovery time to deereise with &n increased fluid-
injection rate is aprarent for 21l three types of injection nozvle,

The runs of saries G were performed 2t & carburetor-cir temper=
atur= ol 25¢ F and the scatter of the results is shown in €leure L,

o Mo ibes o but-a

.

4

s




ih

L NACA ARR No. E4J06

During the de—=icing portions of the runs of series B, different
water-injsction rates were used vhile the other conditions were
maintained constint throughout the series, The data points shomn
in figure ¢ irdicate that tho recovery times showed little change
with water-injection rates varying from O to 630 grams per minute.

Saries E and F werc run at simulated rated-pover cgnditionsg
thie results of the series £ tosts show recovery tines abont twice as
long as the recovery times resulting from the tests at cruising
povier with sirilar de-icing=f1luid injection rates and at the same
carburetor-atr tennerature of 40° F, Simulated rated-power tests
nerformed at an inlet-air temperatura of 25° F (series F) pave no
recovery at any ««f the de-icing-fluid injection rates tasted,

The time required to obtain an operable fuel-air ratio in all
tests was the saue as that required for the recovery of air flow.
(Cee tavle I,)

It was observed that the ice was never completely removed during
any of the fluid de-icing tests. In comparison with the results of
the heated-air de-icing tests of reference 1, in which air-flow-rate
reeovery times runging from 0,5 to 0,2 minute were obtained for
heated-air wet-bulb temperatures ranging {rom 30° F to 9° F, the
alr-flow recovery times resalting from the fluid de-iciag tests
cannot be considered satisfactory.

The apparent cauze of the erratic results was that, as the ice
formations were freed from the aire-nassare walls and the carburetor
by the melting of the boni, they were caupht by the turning vanes at
the cntrance to tha immeller section and lodged there blocking the
air passage until the ice had melted to a size cmall enourh to pass
between the vanes, De=icing wouid have been accomplished more
rapidly if the loose picces of ice hail b2en drawn throuzh an unob-
struzted air passuge.  (Gee reference i)

These resalts are strictly avplicable only to the induction
systam conristini of a Chandler-lvans 1900 CPR-3 carbwetor mounted
on a Pratt & Whitney R=1850-0)) intemediate rear engine section
and for the conditions tested,

1, Ther: was no marked difference in air-flow recovery times
obtained with similar injection rates ot any of the fluids used
with the exception of propyl aleohol, which showed no adequate
recovery,
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HACA AR%: No, 406 5

2. All three injection nezzles showed similar de-icing perferm-
? anee,

3. The recovery times outained could not te reproduced under
the s2me rcnditions a2t zny de-icinpg-fluid injection rate,

4, In order to inmure a So-percent alr=flow recovery under
cruising-vewer cenditions, de=icing=fiuid injection rutes of at
least 50 te 60 pounds per hour were required,

5. The recovery times obtained for the runs made at rated-pewer
corditiong when the ice was formed 4t & corbwreteor-zir terperature
cf <400 F were abecut double the recovery times outrined for the same
de-icing=rluid injerticn rates for the cruising-power conditione.

6. Recovery could not be obtained within 5 minutes for de-teing-
fiuid flew rates up to 80 pounds per heur for the tests nods at rated-
powar conditiecns vwhen the ice waz fermed at a cartur2tor-air tempor-
ature of 25° F.

COHCLUNINH

Frem the erratie results obtained in these teste, it is con-
cluded that the use of de-icirg flutds is inadeguate =5 the sole
menns of de-icing this induction syntem when it is subjected to
severe icing conditicns,

Alreraft dngine Resecrch Laberatory,
Nationzl Advisery Cemmittee for Aeronzautices,
flevelund, Chie,
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TAVLE T ~ RESITTS OF FLUID DE~-JCING TESTS OF A CHANDLER-ZVANS 1900
CFB~3 CAREIRRTOR MOUNTHED On & PRATT ¢ WHITHZY R-1330-C4
I!"”~T‘2’:EIA1., RiAR ENGINE SZCTION
(ater-injoction rate during ieing, 500 vrams/min]
Teing De=irzing
Pun|Init-] Carbtu- S5=per-| Tim: to | Fuel~
12l  retor- Water-| cent re~over |air
air- |eir Fluid-| injec] initial] oS-rer- |ratio [ Maxi-
flow {tom~- injec=| tion |air- cent air-] at mum
rate |pera~ {Ieingjtion rate | flow Llow FG=per=| recove
(it/ |ture |time ]rate (yrams/] rate rate cent ery
te) [ (OF) | /min) | (Lb/%y min)] (1e/fr)] (=in) | recoveryl (1bAw)
Serier At initial operitiug conditiuns, cruisiag power; de-lcing
fluid, isoproryl wlnohols fajsction uppuratus, moiifled Ay nozles
114030 40 [ 20 250 3830 |- ke 3320
213980 40 | 8.0 30 250 | 318 2,8 0,063 3500
34000 40 Tl o] 230 3700 25 LO7L 3500
324000 40 6.7 40 259 3300 2,0 093 3219
33}4000 40 5.3 7 250 3800 .0 070 Jalo
3414000 40 T2 70 250 3800 il 072 3030
3514000 40 4,6 0 250 3800 3.0 D71 3860
4114020 40 B 8G 230 3300 2 71 3730
5740230 40 4,6 30 250 3800 3720
58/4030 | 40 7.8 40 250 33830 440 L0 3880
791 4050 40 |11,0 50 250 3850 o7 LT0 3900
60] 4000 40 o.n- 60 250 38Q0 1.5 70 3070
€114030 40 Dadh 70 250 34330 1.9 L7 3030
6214030 40 7.6 80 250 3830 1.5 J70 3950
Cerien B: initial operating conditions, crunising powers de-icing
fluid, izcpropyl nlechols injection apparatus, medified Amy nomzles
60} 4000 4 1 6.8 &0 250 3800 1.5 0070 | 3950
6314030 40 5.6 60 630 3330 L6 071 3930
64f<030| a0 | €,91 60 0 3330 1] 70 | 3950
65] 4000 40 Tied 63 1C0 3800 1.5 LO70 3950
Series G: 1initinl operat.hq' conditioni, ernising rowers de=lcing
fluid, isoproryl aleohols tajoction apoaratus, Holloey pooyoet valves
42) 4000 40 5ad aG 2m0) 3300 & 3710
43] %003 40 ) 30 Pt 3500 2.6 0,070 3900
44] 4000 49 o & 250 3300 2l L77 3900
45] 4000 40 5.3 70 230 3900 1,2 068 3950
4614030 40 6,1 &0 2 383u Yl 063 3950
w714030 40 5T o0 250 3830 143 JOF2 3950
Natlonal Advisory Ceommittee
{ov iercriautics
. - «@
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TLBLE I - RESUL T FIUID DE-ICTNG TNSTS O A CHANDLIER-EVANS 1970
Jre-? ""BUR ("{ NOUNTSD OH A FRATT & WITFEY R-1630-CL
I¥TERMEDTATE RELR EIGINT STCTION - Contiruned

Icing Ne-icing
Tnit-{Carin- QG-per-lTime to |iuel-
13l |retor- Tater-jcent recovar |air
air- |air Fluid-linjec- jinitial|97-per- [ratio Maxi-
flow |tem- injec-jtion (air- cent cir-tat mun
rate lpera- [Ieing|tion |rate |fleow flow 9t-per- | recov—

(1p/ |ture |time |rate i(grans/lrate |rate cent. ery
wn b | () | (nin)|(Ly/he) min) {(bhr) | (min) |reccvery | (1b/kr)
Serics D: initial operating conditlons, cruising powrr; de-icing

fluid, isopropyl slcohol; injection cpparatvs, standard iray nozzles
€1 [1020 LO 6.1 ] 30 270 2820 2520
521050 | L0 | he9 { kO 250 | zee0 2.9 0.015 | 3900
5% 11020 Lo .5 | 80 250 3020 2.0 (72 2920
4 AGEO Lo f.1 | 60 20 L) 1,8 L71 2970

1.6

1.%

ge 030 Lo 4.8 1 70 250 2620 071 2950
g6 1070 Lo g | 80 250 72820 071 290
Series B: inltial operating corditicns, rated oower; de-icing fluid,
lsorropyl alcohol; injection apparatus, modified Army noszles

b€ 16992 Lo Lo | 20 270 6H6hG —- 5220
&7 5860 Lo 2.2 | L0 250 6522 5360
66 17000 Lo 2.3 ] 60 250 5650 5.0 0.0E8 €690
69 7000 Lo 2.1 | 70 250 6650 3.7 097 810
70 {7000 ] 2.7 1 % 250 6450 3.0 .09% 6880

Sories F: initial operuting conditions, rated power; de-icing fluid,
Isopropyl alcohol; injection apparatus, modirfisd ‘rmy nozzles

1020 | 25 | E.7 | 30 250 | (670 [ememmmm e | 4&lh0
72000 | 2% | hon | Lo 250 | 6650 |omemrem NSRRI ¥ )
72 |7000 2 h.0 | 60 250 6A7D €90
Thjroco | 25 | W9 | B0 250 | 6670 £.500

Serias G:  initial operatin~ conditions, cruising power; de-icing fluid,
isoprovyl alecohol; injection apperatuz, modiried srmy nozzles

wwhoeo | 25 | 1.7 | ko 250 {2800 2.8 C.071 | 2830
6000 | 25 | 1.9 20 250 12800 1.6 S5 | 2920
13990 | 2% | 1.2 | 20 290 | 2790 7600
tfneo | 20 | 1.3 | %0 2% | 2580 3.3 072 2560
75 [40%0 25 | 1.2 | &0 280 | 2620 ) 072 1:000
80 haro 2% 1.5 70 2570 3850 | 2.9 071 2930
811500 | 25 | 1.%] 80 260 12800 | 1.4 072 2960
29050 | 25 | 1. ] 20 270 | 28%0 | 2810

National Advisery Cormmittee
for ferenasutice
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TARIE I - RESCLIS CF FLYID DE-ICING TRSTS ON A CHAMDIER-ZVANS 1900
JFB=7 CIRBIRETOR MOUNTRD ON £ FRLTT & VHITNGY R-1420-Ch
INTEREDTATE RPAR ENGIHE STCTICN - Conclurded

! Tcing Le-icing

Trit-|Carbu- 9€-ner=-Time to |Puel-

ial |retor=- Tater=-lcent rocover lair

vir- lair Fluid-{injec-|initial|55-per- |ratio Maxs-
flow ltem-- injec-ltion |air- cant air-iat mun
rete |pera- !Jeirgltion |rate [{low flow 9C-per- {recov-
(1%/ [ture |tire {rate |(prars/Irzte  |rate cent cry

Run| he) | (OF) (i) i(bded| nin) Hiv/hr)| (nin)  jrecovery |(1b/nr)

fluid, rropyl

Series H: 1initial operating cenditions, cruising rowsr; de-licing
alnohnl; injection anpurustus, medirficd army nozzles

BlL | 1050 Lo
#e1)020 Lo

bz1heno ho 1 4.0

5'9

h.t

0
)
70

259
250
280

L J [y ir—— -1 7260
2650 - 2670
LAAR - z4h0

Series I: indtial overating

cond'ticns, crulsing power; de~icing
fluid, Shellacol; injection apraratus, modified frmy nozuzles

BEICR0 1 40 | h.€ | %0 280 | %80 . %510
87lhco | w0 | 6.6 | ®O 2% | 7800 2.3 0.071 | 2930
88lhozo | ho § 6.0 70 250 13820 2 073 | 2520

Series J: linitial operating
fluid, Solox N=-I; injection

conditions, cruising power; de-icing
apparatus, medified Army nozzles

8911000 he £.2 20 250 | 7600 1.8 o.07C z910
sofhczo 1 WO | L5 | 50 250 | 2820 2.8 | .o72 | 29%
9111020 ho 6.1 70 2v0 | 3830 1.7 073 4030
Mational Advisory Committee
for ftercnnutics
:tT‘ - 2 - o, 5 -
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remove heavy ice formation fom theinduction system snd carburstar of aircraft engines,
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