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HACA AP» la, S4J06 

•'  riOVAL ADH5-'»r COTTTT7EE FOR AEROWA'TTrs 

ADVAKCS ?r£T°.7"T:-D RaFCRT 

FL'.JTD Dfi-ICIiH3 TcSTS OB A OUUB&Ot-IfABS 1?00 CFB-3 

CAKBOWOR MMSMD OH A FRATT '/. WüTNar R-1630-C4 

H!TiS!'jjDIATE R3AR aHOXRI SECTION 

Py Herman E. G:lvin ind Henry A.  at rex 

INTRODUCTION 

This report ir the necond  In a series of three covering results 
ef in investigation cf the icini* and de-tcint; charneteristica of a 
Fratt & Whitney '»-lP-JO engine induction system.    The research was 
carried out by the BACA at the Rational r*urer.u of Standards in Sep- 
tember aad October 1943.    The f.'.rst report (reference 1) deals with 
the determination of liritin«$ icing conditions    nd research on heated- 
air de-icinp for this induction system, which Includes a chandler- 
Svana 1°00 CPB-3 carburetor mounted on :tn R-1Ö33-C4 intermediate rear 
engine section. 

The present report covers a program to determine the most effec- 
tive rate and method cr' Injection of de-icing fluid to remove a heavy 
ice formation frri:. the induction system.    Thu third report in the 
seriet  (reference 2) covers research or» the io!.?;.   cih-aracterirt ios of 
the induction tyrten which include:- a Bendix-Ptronberg ID-12P5 car- 
buretor. 

The criterion of de-icinf effectiveness employed in the inves- 
tigation of fluid de-icing v-ic the time required to recover 95 per- 
cent of the oriiin^l air-flow nte   tftur the engine power,  is repre- 
sents by the -air flow, hod been reduced owinj; tc  the formation of 
ice.    Four de-icing fluid? ?nd three types of injection nozzle were 
investigated.    In orr'er to determine the effect of inlet-air temper- 
ature on the de-icing effectiveness of thv fluids, tests were made 
at 2S° F snd 40° Fj   :nd, in order to determine the effect of engine 
operation, teste were made ;;t simulated rat«;d power  (air-flow r te, 
7000 lb/hr; fuel-air ratio, ü.100) and at simulated cruising power 
(air-flow r»1 ;. 4000 lb/hr; fuel-air ratio. 0..-7C). 

—  

• 

• 



• 

.. 

HACA AR1 No. E4JQ6 

UTIlUSm A«!D DB-ICTHG FL'JTDS 

The test apparatus w-as that used In the iolnf, tests described 
in reference 1 with the addition of the de-icing-fluid injection 
Fjstem shown in figure 1. 

The three type* of inaction nozzle used in the tests were 
modified Array nozzles, standard Array nozzles, -nd Kolley poppet 
valves.    The modified Array nozales ^re priming nozzles having the 
exit orifices drilled out with I lie. 7* drill (0.0225 in.) to per- 
Bit high fluid flows -at the r.vailaLle pressures.   The standard Army 
nozzleb "-re al: O priming nozzles with No. 76 (0.020 in.) drilled 
exit orifices.    The Kolley poppet vlves (provided by the Holley Car- 
buretor Co.) arcs s or inr-loaded valves that open under light fluid 
pressure und produce a conical spray. 

The de-iclni.- fluids used were iscpropyl alcohol, propyl alcohol, 
Shellaeol, and Solox D-I.    Shellaeol is chiefly ethyl -alcohol dena- 
tured vfith small quantities of methyl alcohol, ethyl acetate, methyl- 
isobutylketone, and gasoline; Solox D-I is a mixture of 90 percent 
ethyl alcohol and 10 percent irwthyl ulcohel denatured with a small 
amount of a chemical rust inhibitor and with 1 -'.allon of gasoline 
added per 100 gallons of alcohol mixture. 

T£ST rKOCiTuHE 

The test procedure consisted in settlnf, the air-flow rite and 
the air temperature to the desired value:, for the test and humid- 
ifying the air to saturation.    When air-flow rate, temperature, and 
humidity were correct, free water was injected above the carburetor 
at the rate of >00 prams per minute to simulate flight through rain- 
fall,    (This water in.iectinn should not be confused with water injec- 
tion used to suppress knock.)    Simultaneously with the  injection of 
water, fuel flow at the rate necessrry to rive the de:ired fuel-air 
ratio was supplied.    Icin>;, was permitted to proceed until the air- 
flow rate wan reduced to l&JC pounds ^sr hour.    ".Then this condition 
was reached, the water-injection rate wae reduced to 2$0 grams per 
minute and the do-icing Vluid wa3 injected at a predetermined rate. 
Readings of air flow and fuel flow were tak^n at frequent intervals 
until either recovery was complete or it became apparent that there 
would be no recovery.    In one set of tests, this jrocedure was varied 
by using, a different rate of free-water injection in each run, 

A summary of the test conditions is presented in the following 
table» 
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B 
Ü 
D 
E 
r 
G 
H 

Simulated 
•-ngine 
power 
condition 

Cruising 

 r|o  
 do  
—-do-— 
Rated 

Cruisinr 

• ir— 

Oarhu- 
r- tor- 
air 

r- 
ature 

ttfl 
bo 

do 
2* 
25 
I4Ö 

";.t r- 
inj'.c- 
tton 
rat« 
during 
d.—loinr 
(fTfilPS/ 
«in) 

2*0 

0 to 630 
2?0 
2*0 
2*0 
2*0 
2ft) 
2*0 

2*0 
2*0 

Type of 
indention 
n ^zrle 

Modified Arnv 

 do  
"Oll(;y 

Standard Arn:/ 
Modified Army 
 do  

——1!0—- 

D;-'.cing 
fluid 

De-icins- 
flu id flow 
ratft 
(lb/hr) 

Fropyl 
alcohol 
Shfllsuol 
i>o!o* I)-T 

20 to 90 

60 
uO to 
30 to 
30 to 
'•0 to 
20 to 
*0 to 

90 
30 

80 
80 
70 

30 to 70 
30 to 70 \ 

RSSulTS AMD DES0U8SIWJ 

Th.; results of the fluid de-icln? tests aro presented in 
table I and am plotted in fißur. s 2 to *.   /.ll of tho fluids tested 
excopt rtronyl alanhol exhibited  trratio and unreproduolblo r.cov.ry 
times for similar flow rates«    ft*©pyl alcohol failed to achieve 
9*~p.rc. nt air-flow reoorory at any of tho flow rates used*   'fhu 
effoot of the do-loing-fluid injection rate on the time for air-flow 
r oovt rv far tho other three fluids is 3hown in figure 2, which 
Indicates that th. r cowry time tends to doorcase with an increase 
la the rle-icing-flulü injection rate «hon modified Army noszles are 
used; the scatter of the points, however, does not parmit th; fairing 
of a curve, 

Th'. recovery times resulting from the us.-; of the three types of 
injootion nozzle are compared in figure %    Mono of the Injection 
nozrlr-a shewed any narked superiority in effectiveness and the 
r-ithor erratic results do not pernit tho fairing of s curve.   The 
tendency for tho r-scnvery time to rlpcrot.s'? with an inoreased fluid- 
injeotion rate la apparent for all three types of injection nosxle. 

The runs of series 0 7/ere eerforvd at a carburetor«« lr temper* 
ature of 2*° ? and the scatter of the results is shown fi figure !i. ' 
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During the <te-ici.ni; portions of the runs of series 3,  different 
water-injsction rates were used while the other conditions were 
maintainel constant throughout the aeries.    The data points sho»m 
in figure 5 indicate that the recovery tines showed little change 
with water-injection rates v-irvin^ fror, ö to 6}0 prams per minute. 

Series E anJ F wero run at simulated rate l-povrer conditions! 
the results of the series E testa show recovery tir-es about twice as 
lonn a3 the recovery tires resulting from the tt.-sts at praising 
power with 3irilar lo-lcing-flui'l injection rotes and at the same 
carburetor-air temperature of J4.O0 F. Simulated ratal-power tests 
'lorforred at an inlet-air temperature of 25° F (series F) i_'ave no 

recovery at any uf the de-icing-fluid injection rates tasted. 

The time required to obtain an operable fuel-air ratio in all 
tosts wa3 the sasuo as that required for the recovery of air flow. 
(L,ee taole I.) 

It was observed that the ico was never completely removed taring 
any of the fluid de-icing te3ts.    In comparison with the results of 
the heated-air de-icinc testa of reference 1, in which air-flow-rate 
recovery times ranging from 0,5 to ü.2 minute were obtained for 
heated-air wet-bulb temperatures ranging from duP F to 90° F, the 
air-flow recovery tiney resulting from the  fluid do-iciiiE ta3ts 
cannot bo considered satisfactory. 

The apparent cause of the erratic results was that, as the ice 
formations were freed from tli3 air-na33are wall.:; and tho carburetor 
by the molting of the boni,  they were caught by the turning vanes at 
the entrance to the impeller section and lodged there blocking the 
air passage until tho ice bad melted to a sl»,e email enough to pass 
between the vanes.    Tie-icing would have been accomplished more 
rapidly if the loose nieces of ice had been drawn through an unob- 
structed air passage.    (Joe reference  \.) 

.   MVt OF RESULTS 

These results are tit.rict.ly- applicable only ho the induction 
system aonsisting 01 a Chandler-Evana 1900 GPP-^ carburetor mounted 
on a Pratt fc Whitney R-lßj>:)-C'i intermediate rear engine section 
and for tho conditions testod. 

•• 

1. There was no narked  Jifforonco in air-fiow recovery times 
obtained with similar injection ratas of any of the fluids us9d 
with tho exception of propyl alcohol, wiiich showed no adequate 
recovery« 
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2. All three Injection nozzle? showed similar de-icinß perfcrar 
cnee. 

3. The recovery times ottained could not be reproduced under 
the same renditions tt zny de-icint»-fluid injection r-.te. 

4. in order to insure a jT-r-ercent nir-flow recovery under 
cruirin.^-pcwer rrnd'tions, de-icinc-fiuid injection rates of -it 
least "»0 tc 60 pounds }>er hour :tere required. 

•?. The recovery times ottatr.ec; for the runr made at rated-power 
conditions »hen the ice was formed at :•• carburetor-air terperature 
of 40° F rfera about do'itle the rucovorj times obtained for the a&M 
de-icing-fluid Injection rates for the cruising-power conditions.. 

6. Recovery could not be obtained v.ithin T minutes for de-icing- 
flu id flow rates up to SO pounds per hrur lor the tents made at mted- 
power conditions v.hen t>,e ice •»;»£ formed at a carburetor-air temper- 
ature of 25° F. 

COPCLÜSIOW 

Fron the erratic results obtained in there teste, it is con- 
eluded that the use of de-icir^ flufdr is Inadequate '-:; the sole 
me?:ns of de-ic5ng th's induction system when it is subjected to 
severe icinf, conditions. 

Aircraft Enpine Research Laboratory, 
National Advisory Ccramittee for Aeronautics, 

Cleveland, Chic. 

REFER£'CES 

1. Essex, Henry A., =>nd G'ilvln, Herman P.t    A Laboratory Tnvesti;:-— 
tion of Tcinj; rnd Heated-Air De-Icing tt a Gbandler-Evane 
l?oo CFF-3 Carburetor Mounted on a Pratt i ./hUney R-1830-C4 Inter- 
mediate »e:ir Engine Section.    HACA ARR N'o. E4J03,  1944. 

2. Oalvir., Herman B., and j^rex, Her.ry A.:    A Luor-.tory Invert!ra- 
tion "f the Icing Character is tics of the B«ndix-Stromberg C:.r- 
buretor 'del PD-12F5 with the Fr:.tt & Khltnoy R-1330-C4 Inter- 
mediate Rear Engine Section.    NACn ARR t.'o. E4J18, 1944. 

3. Essex, Henry «,j    De-Tcinc oi  an Aircr^ft-^ipine Induction Svstera. 
NACA ARR No.  3H13, 1943, 

 1  

- 



MACA AHR *». *>J06 

TA; L« I - R^S'JITS OF Fiaiti PS-TCÜ'G TSSTS ON A CHA'mLäP-^VAMS 1<>00 
CFS-3 CARBURETOR MOUHTED 01« A HUH ;- iHTIUfflt R-1330-O» 

IHTERKEDIATB REAR ENGIBE 8SCTI0R 
(^itcr-^n.j'-cti.on rat«, during Iciiu, W^   ranas/mlnl 

Init- 
ial 
Mr- 
flow 
rate 
(U/ 
hr) 

Carbu- 
reter- 
s' ir 
tw 
r.era- 
ture 
(°F) 

Irin? 
tiir.e 
fain) 

De-ieliir 

Fluid- 
injac- 
tion 
r-ite 
(lb/hri 

'«'at^r-j cent 
inj-c- initial 
tion 
r^tc 

(grains/ rate 
«in) 

air- 
flow 

(lt/hr) 

iinw to 
re-ovar 

oeiic. ciip- 
now 

'. >in) 

;<u el- 
air 
r.itic 
ut 

cent 
rccov;iy (lb/fir; 

V.-\xi- 
inun 
r'.'c ov- 
er^' 

Serler Ai    initial operating conditions, cruising power; de-ic 
flu-d, isopi•OT.,yl -J?oh'-il{ l.i,jeot lor upo-.r:r-tuf. .".o-iif led An$^nasj .•3:. 

i 4030 40 6,4 20 
i 3930 40 8.0 30 
3 4000 40 7.8 40 
32 4000 40 6.7 40 
33 4000 40 5.3 70 
.:-; 4000 40 7.° 70 
i- 4000 40 4.6 40 
41 4000 40 13.8 80 

' 4000 40 4.0 30 
'" 4030 40 -J.fl 40 
" 4050 40 11.0 50 
•o 4000 40 .  0 D.O oO 

4030 40 ?.4 70 
*2 4030 40 7.6 80 

z tu 
250 
2%Q 
250 
2S'0 
2ru 
2?0 
250 
250 
250 
2;ro 
250 
2t0 
250 

ssrXSsBi    initial operating conditions, cm 
f Ivild. iccrropyl -'tlcohoJ; li-ijoction :'waratus, 

3830 
J780 2.E 0.063 

3J20 
3900 

3800 P 0 * .. .071 3900 
3300 2.0 ,063 3910 
3.100 .0 .070 3930 
3900 1.1 .072 3»30 
3900 3.0 .071 3860 
3300 2.2 .071 3930 
3800 __  -__—_ _ 3'.'20 
3830 4.0 ,06 : 

3880 
3850 2.7 .070 3900 
3800 1.5 .U70 3°50 
3830 1.9 .0/0 J?30 
mo us .070 Wo 

60 
63 

<• 

65 

4000 
4030 
•;o30 
4000 

.. 1 

40 
40 
40 

6.8 
5.6 
6.? 
7.3 

60 
60 
60 

250 
630 

0 
100 

3800 
3830 
3930 
3300 

i.sin.r poweri do-ic3 
modi tied Ariy noazln 

ng 

1.5 0.070 3950 
1.8 .071 3930 
1.7 .070 3?5o 
1.5 .070 39W 

series Cs    initial operating condition«, crn 
fluid, Isopren/1 alcohol} In i •••oil 011   ^•st-itar. 

42 
f3 
44 

46 

4000 
4000 
4000 
«,000 
4030 
4030 

40 •' f 
1 • . *»*.• 250 

40 ;.3 >0 c''0 

40 7.1 60 250 
40 5.:.; 70 250 
40 6.1 80 2-TO 
40 5.7 °J 250 

3300 
3800 
3900 
3900 
3S3u 
3830 

LF'i ti.; ;. wt.rt do-ici 
Rolloy popj ':i valve 

"« 

2.6 
2.1 
1.2 
1.7 
1.3 

).07O 
.077 
.068 
.068 
.07'-' 

3900 
3900 
3950 

J?50 

Rational Advisory Cramlttee 
for i.e~oriauti.es 
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rt.siF. i - RESULTS OF FT'JIH ns-icrvn TTSTO Oü A CHATOIER-EVANS 1900 
JIT.-* o;r.BHR:?rca hom.T"2 on k TRITT & TTRY R-1830-ct 

WTHÖIEDttTE RF.AR BNQX1R S'SCTIOK - Continued 

lOUlfJ ^-icing 
Init- ~ar'^- 5'>-p»r- Tine to r'uel- 
ial rrtur- 7,'ater- cent recover air 
air- alr Fluid- ircjec- initial 95-per- ratio Maxi- 
flow tem- injac- tion air- cent air- at mum 
rate pera- Icing tion r'ite flow flow 95-per- recov- 
OV ture time rate      (crams/ rate rate cent ery 

Run hr) (OF) (mm) (IVhi')j min) Ob/hr) (min) recc%'ery (lb/hr) 

Seriös D:    initial operating conditions, cruising poaer) de-ieing 
fluid, isopropyl i.lcohol; iniection cpparatus, standard Army nozzles 

51 tOJO to 6.1 30 2?0 38*0  _   '520 
52 •i050 l»o t.9 to 2<C 7.PKQ 2.9 0.07^ 3900 
5» U02I0 Uo 5.3 50 2?0 3630 2.0 .072 »9J0 
5t j0?0 bo 5.1 60 2*0 ?e^"> 1.? .071 *950 
55 Ii030 ho t.8 70 2^0 '.(.30 1.6 .071 »9W 
56 >i030 to 5.1J 80 250 v 830 1.5 .071 »9*0 

Serie:. E:    initial o'.ierjitiriR conditions, rat^d pomrj de-icing  ri'iid, 
isojropyl alcohol; injection apparatus, nodi fled Army nosiles 

66 6?90 to U.O 30 250 66L0     ^220 
67 6860 Uo 3.3 to 2<0 6^20     *350 
66 7000 to 2.3 60 250 6650 5.0 0.0G8 C690 
69 7000 Uo 3.1 70 250 6650 3.7 .093 6810 
70 7(X)0 to 3.7 80 250 6650 3.0 .09? 6880 

Soripy Pi    initial operating conditions, rated pomrj de-icin*; fluid. 
isopropyl alcohol; in,;<-ct.i.on apparatus, modified *'rmy nozzles 

73 7020 2^ ?.7 30 250 6670 65UO 
72 7000 2^ t.5 to 250 66"/0 6590 
73 7üC0 2r Ix.O 60 250 6<C0     6590 
71. 7CKM 2? t.9 80 2rte 66*     6500 

Sgri'iü 0:    initial oporatin• conditions,  cru.isinr power; de-icinr; fluid, 
isjprooyl alcohol} injection apparatus« modified Army nozzles 

75 llOOO 2? 1.7 to 250 3 «CO 3.0 0.071 3030 
76 SjOOO 2? 1.9 30 250 3 SCO 1.6 .06? '930 
77 3990 25 1.2 20 2?C 3790     *600 
7o' tioeo 2^ 1.3 So 250 3 08O 3-3 .072 i960 
7? (»030 2? 1.2 60 2-ft 3'3'0         1.1 .072 tooo 
60 hO^O 25 1.5 70 2«J0 3850          2.9 .071 7930 
81 .'lOC'O 2? 1.5 80 2?0 3800         l.t .072 »960 
82 tOf/0 2? i.'i 30 2r0 wo         3eio 

Mntional Advisory Committee 
for Aeronautics 
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TABIE I - RESULTS OF Ft'TID HS-ICir'. TF.STS Of /. CRAHDUR-EVAHS 19-°0 
:iPB-* C/SHBIlR^PCa K0PN7KD ON / PRATT ft (HITHET R-I83O-CI4 

IHna»'EDIaTE RF*R ENSUE SHCTTCN - Concluded 

, Icing Le-ic inp 

Tnit- Carbu-I 95-ner-lTiaa to Fuel- 
ial retor- •Jeter- cent recover air 
tir- air F.luid- injec- initial 95-P*- ratio Maxi- 
flow tem- :n.1oc- tion air- cent air- at mum 
rate per*- ijcir'; 1 ion rate flow flow ^-per- recov- 
(IV ture    Itlme rate (grans/ rate . rate cent ery 

Hun hr) (°?) |(min) (Ib/iir) min) (Ib/hr) (tain) recovery (ln/nr) 

St-Tics H:    Initial operating conditions, cruising r>ownr; dc-icinp 
fluic1, rropyi alcohol; injection apparatus, modified ;.ny '.wzzles 

63 liC5Ö UO   1 U.O 30 250 »850     3260 
6U Ii050 ho 5.9 <0 250 J-öSO     363O 
'ir I1O3O Uo U.5 70 2?n •    '7    .     3UU0 

Serien I:    initial operating conditions, crnlsin,- porrcr;  •le.-'cinp: 
fluid, Shellacol; infection apparatus, modified Army nozzl»B 

66 )iC<0 !tO lw6 "-50 250 3850  _.._ _• _ 38IO 
67 llCOO !»0 6.6 •?0 2« »•Boo 2.3 0.071 ?9?0 
86 I1030 Uo 6.0 70 2?0 ' ',e?o 2.U .07? 3930 
Series J:    initial operating conditions, cruising poeerj de-icing 
fluid, Solox D-Ij  injection apparatus, modified Army nozzles 

89 hCOO ho 5.2 30 2?0 7bX 1.8 0.070 391D 
PC U030 ho lu5 to 2<0 383O 2.8 .072 3950 
91 'i0?0 1.0 6.1 70 2?0 -.ejfi 1.7   ' .07*, Ii030 

\ 
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