AIRCRAFT PISTON ENGINE

WATER INJECTION SYSTEMS
BY PETER LAW

i e AT e

S S
S R
S

Z:




Pete Law at Reno




Piston Engine Water Injection —
Why it is Used and How it Works

BACKGROUND

AT HIGH POWER, COMBUSTION CHAMBERS APPROACH 4,500 °F

AT THESE CONDITIONS FUEL CAN BURN WITH EXLOSIVE VIOLENCE AT
THE WRONG TIME IN THE CYCLE, MELTING PISTONS

THIS IS KNOWN AS “DETONATION”, WHICH CANNOT BE TOLLERATED
* INSIPIENT DETONATION IN ENGINES IS AN AUDIBLE “KNOCK”

SEVERAL METHODS ARE USED TO INHIBIT DETONATION

« ANTIKNOCK ADDITIVES OF FUEL SUCH AS AROMATICS (TOLUENE),
TETRAETHYL LEAD (2,2,3-Trimethylbutane), TRIPTANE, MMT/CI2
(Methylcyclopentadienal Manganese Tricarbolyl; 24.4% Mn by weight), AND
OTHERS THAT STABALIZE AND CONTROL REACTION RATE

+ WATER-ALCOHOL INJECTION IS A VERY POWERFUL AND SIMPLE WAY TO:

— LOWER CHARGE AND COMBUSTION TEMPERATURES

— SLOW FLAME FRONT SPEED AND LOWER RATE OF PRESSURE INCREASE

— EXTEND TIME OF BURNING AND REACTION RATE

— ALLOW ENGINES TO GO TO HIGHER POWER BEFORE ONSET OF DETONATION

WATER-ALCOHOL MIXTURE (ADI) IS INJECTED ALONG WITH FUEL INTO
SUPERCHARGER INLET

+ THOROUGHLY MIXES IN COMPRESSOR
+ HOPEFULLY ENTERS EACH CYLINDER AS UNIFORM MIXTURE



EFFECT OF FUEL ADDITIVES AND WATER INJECTION ON KNOCK LIMITED IMEP
(IMEP 1S "INDICATED MEAN EFFECTIVE PRESSURE", MEASURE OF ABSCLUTE POWER})

EFFECT OF WATER-ALCOHOL INJECTION KNOCK - LIMITED IMEP DATA
ON DETONATION - LIMITED IMEP IN A FOR TETRAETHYL LEAD IN ISO-OCTANE
SUPERCHARGED CFR ENGINE AND TRIPTANE
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HISTORICAL EFFECTS OF FUELS AND WATER
INJECTION ON MERLIN POWER INCREASE
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WATER-ALCOHOL "ADI" MIXTURES USED FOR CHARGE COOLING

e ADI (ANTI-DETOMATION INJECTION) FLUID 1S A'MIXTURE
OF METHANOL AND WATER; TWO MILTURE RATIOS ARE USED:
« MOST USED IS 507 METKANOL-507. WATER BY VOLUME
*» ALSO USED IS $OLMETHANOL-40 7, WATER BY VOLUME
* COMPARISON CHART FOR VARIOUS FLIIDS (BY VOLUME)
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GENERAL WATER INJECTION SYSTEM ISSUES

« AT WHAT POWER SETTINGS 1S WATER INTECTION USED ON ENGINES?
- AS POWER [MCREASES,A FUEL ERRICHMEMT CIRCUIT CPEWS
INTHE CARBURETOR (AT 507 OF NDORMAL PDWER) TO SUPPRESS
DETONATION, (THIS IS CALLED "POWER ENRICHMENT.)
* AT ABOUT 757 POWER,THE WATER INJECTION $YSTEM 1S ACTIATED.
 FOR MOST ENGINES, THIS )5 AT 40-45, " HgA, MANIFOLD PRESSURE,
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ADI| (AND OIL COOLING SYSTEM) FOR CONQUEST
RACING F8F BEARCAT - CONQUEST
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WATER REGULATOR SYSTEM SCHEMATIC
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GENERAL WATER INJECTION SYSTEM ISSUES
(Con’t)

« WHAT HAPPENS WHEN THE SYSTEM IS ACTIVATED?

“ADI” FLUID PUMP IN ADI TANK COMES ON, PUMPS TO REGULATOR

“ADI” FLUID PRESSURE IN REGULATOR SENDS PRESSURE SIGNAL TO
VALVE IN CARBURETOR THAT REDUCES FUEL FLOW (DERICHMENT),
APPROACHES “BEST POWER” F/A RATIO (0.08:1)

“ADI” FLUID METERED THROUGH WATER REGULATOR INTO SUPER-
CHARGER, REMOVES SOME OF THE HEAT OF COMPRESSION
 DETONATION TENDENCY IS SUPPRESSED
+ P&W ENGINES MIX ADI WITH FUEL, INJECT THROUGH SINGLE NOZZLE
+ OTHER ENGINES USE SEPARATE FUEL AND ADI NOZZLES
AMOUNT OF “ADI" IS CONTROLLED BY PRESSURE FROM CARBURETOR “D”
CHAMBER ACTING ON REGULATOR METERING VALVE

“‘D” CHAMBER PRESSURE INCREASES WITH HIGHER POWER SETTINGS,
INCREASING FUEL FLOW AND THEREBY ADI FLOW



/WATEFR INJECTICN REGULATOR SYSTEM SCHEMATIC\

{(MORE DETAILED SCHEMATIC SHOWING CONNECGTIONS)
(USED ON MOST AIRCRAFT OTHER THAN P&W ENGINES)
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GENERAL WATER INJECTION SYSTEM ISSUES
(Con’t)

« WHAT HAPPENS WHEN THE SYSTEM IS ACTIVATED (Con’t)?

— JET IN REGULATOR (2 IN R-2800 UNIT) METER ADI FLOW
SIMILAR TO WAY CARBURETOR JETS METER FUEL TO ENGINE.

— ADI PRESSURE GAUGE IN COCKPIT, NEED 22 - 28 psig FOR
PROPER ATOMIZATION AND OPERATION

— COCKPIT INDUCTION TEMPERATURE GAUGE (CHARGE
TEMPERATURE) SHOULD BE 80 — 90°C (176 — 194°F) TO INSURE
NO DETONATION. REGULATOR JETS ARE EASILY SIZED TO
PROVIDE PROPER RANGE

— SIGNIFICANT POWER INCREASES CAN BE OBTAINED WITH
WATER INJECTION WHEN HIGH PERFORMANCE FUEL IS USED.

« 115/145 FUEL SHOULD BE ADEQUATE FOR RACING AT TAKEOFF OR
“WAR EMERGENCY POWER”, BUT HIGHER “RACE” POWER
REQUIRES SPECIAL ADDITATIVES TO GIVE PERFORMANCE NUMBER
OF 170



LMSY FLHAM TH006-4

WATER REGULATOR CONNECTIONS

ISOMETRIC REPRESENTATION SHOWING STANDARD CONNECTIONS
(USE ON MOST AIRCRAFT OTHER THAN P&W ENGINES)
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/WATER INJECTION REGULATOR FOR P&W\
R-2800 AND R-4360 ENGINES

(LATE MODEL ENGINES)
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WATER REGULATOR MOUNTED ON SIDE OF R-2800 ENGINE

PRATT & WHITNEY AIRCRAFT

VARIASLE WATER-AIR
RATIO REGULATOR

ENGINE WATER INJECTION SYSTEM

MOCHK-UP OF THE DOUBLE WASP CA SERIES

N ——————————
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FUEL AND ADI FLOWRATES FOR VARIOUS LARGE ENGINES
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MERLIN V-1650 FUEL FLOW DATA
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MERLIN V-1650 CARBURETOR FLOW BENCH TEST DATA

DAGO IE.ED

: /L0
Enpine h’ou‘cl. Y-1650

P -22-8

Fuel Infot Presgure; 17 pat

GREY " O e

P:u't.s Lizt Mo,: 200842- 1 5

Lever Puidtlon

Burslte  Molume

Timo . {__hlim, |,
Limits _Max.
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Soeynds Cha,
Fiivwmoeter]  Min,
Limils R
In .
Thw, fHUr. | Ohs.

Heal | '.'.'I! L,
fnelies of
Fuel Ohus,

selesing hlin. |

Low [Alch) Limit:
High (Lean) Limit:

Engine WUgr.: Packard Nysxle Predsure: 54 1/4 pal . Carb, Model: mm_ N
Enpine hifpr, Sciting: Limlls Based on . 732=,736 Speclllc Grarity at Date lgsued: T-10-45 )
HAPIITIA

‘Test Pulnt Mo, 7.1 8 g 10 13 b 4 18 117 118 i 20
Muetering Suelion . i
linches of Water 2.2 | 4.4 | 4.4 F B0 10.2 115.3 20.5] 20.5| 25.8 4.0
Curresponding . :
Alr Flow Lh, Alr, 500 (3500 [ 5000 6o8G1 5TO0 Tﬁﬂl}i 200 1070210708 12009 I5600
hlixiure Control . b :

Lever Puulilon Al | AR : AL | AL AL | AL AR | AL | AL fr
Vurelle. Yulunwe 1500 | 1000 2000 ; 20073( 2500 -E000| 3095 | 3000| 5000 | _Stog! so0d -
Time __Min, A1 .90 28,9 30,7 28.4) 2 -1, 22,7 . e8.5] 8,7 26,1 25,
Limiis “Mux, 42,4 30,1 30,1 [ 22,0 50,6 32,5 3.1 30,7| .30.0]_27,9

In )
S eoundd ey, : :

Flowmeler]  Min,_ 1201 1 387 | 364 | 476 538 | 128, ].. 948 _| 942 | 1069 |

i.imity _ Mk, : ) 303 | 493 | 7o liaos [ 558 | 768 | BOX [ PRG_| 960 ) 1112)

In - ; :

[hg fir. o=, 2T£' 293 ‘1‘02 378599 ALYL:] ?‘Q qig] ﬂﬂ' ke 1390
Metoring |__Min., RN R B ERAEND ; R S

el _ Max. I TR _E.3 (10,8 —_— 289

Inches ol -

Fuel Dlrs. 5, E l'D % '?'1-'?

Mulki -Polnt rytomatic Mikture Cﬂntrni Calibretion Limlts:

Tont Puinl No, ]

Meleelng Suclion’ Flow Methed;

Inches of Watez o :
o wrrespandingg Dals Issusd;

Alr Flow Lha fHe, :

blbxture Contrul Donsly;

NbTES: 1. Idle apring oust be fall taan: when adj‘usttng pl:-npel mlve.,

2. Inctease fuel Inlet pressure to 22 pa! [or Test Po[rrt H'.:n.. 3 onty
{Td1a Cut-Qlf Cheok),

5. _AM-:: Setting: 30,8" HO G 7, Sobr,
TpeE @ §¢ Hige @ 0.0/0"

O -
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GRIFFON FUEL FLOW DATA
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P&W R-2800 FUEL FLOW DATA
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R-2800 CARBURETOR FLOW BENCH TEST DATA

E8F BEARCAT COMRUEST I |
INIECTION CARBURETOR It

P&E:E-“f_ GLEX MW ‘:‘EPE

Enplne Mod_el.: A-2800-19 Fuel Inlet Prossura: 23,8 pal . P:.rti List Nu.. 391451 18 - 7
Englne MIge.: Pratt and Whitney Nozzle Pressure: 10,0 ¢ 1/4 ps! Carb. Model: PR-_S8ER / 2)
Enging Mfgr. Setting: PR-58E5-22 Limits Dased on . 732 - . 736 Specific Ora\rlty at  To-B0"F. Date Imsued: 7-18-57 ,;ﬂ;f’?fj‘
NAPHTHA {Tesl Spec, No, 141)
Te=t Point Mo, 1 2 3 4 ) i} 1 B 1 16 11 12 11 14 15 1 17 1B
Metering Suction : . . "Hi
Inches of Water 5.0 | BO.D n.n 0.k a.asl e nsl 6.4 | B 41200310 6512 318 9512 sisn. 5 a7 6] & 4 2.1 4‘!?'3 [
Corresponding TS )
Air Flow Lb./Hr, 4000 | 4000 | 6000 | 80NQ] 7800 | 7800 | 5400 | 8700(11000]12500 |1 2500F1 7008 17000 16G00.21 £ o)
Mixture Control i G . . .
l.ever Pusilion A AT an ' | o Al AL AL | AR AR ALl AR I AR | AR ARY AL AR Al AR (42
Lurelte Vulume ; Lt 200012000 | 000 ( 3000, 3000 | 000 | S000| 500G | S000.1 2000 1 TOOL | #0040 FO0A ) THOT
Time Min. A0 28,1 ) 36,3 ) _39.1 C3g.21 23,6 .'i_ﬂ._ﬂ__:g.._'n‘. 061247 (2. 0) X 20,4 21.9)1.24.1
L::l.nils ’ Moax. NF | ;29.¢|37.91 40.8] 1.4/ 24.8(32.2 | JH.2| 81 A (25 F |80 2 32 A1 21 % 20.1)25.1
I5econds {hbs, ) J : 2ie
Flowmeler] M, 0.0 | 0g. 5[308 4] ¢30.D|BSS, 5 7i1.5) 543 | 703 | G16_|119% | 1362 | 1244 ) 1622 | 140% [ 158%,
Limits Max. | 8.0 415, 0/320.5) 447, 5870, B T40.0) 565 | 794 | 853 |76 (1407 X% _ ) 2ooa 1agh | 1658
In 0 ) 5 : i
Lhs fHe. | Obs. Hy 407321 |4z815¢87 [7201558| 784l 520 | 11381 1365] 1225 1459 143l 1o 1775
Metering |_Min. | a5 3,48 [ 32 s | i || 1. o8] ot Taesl 1. i PERRjUMENT
v | 1ead o | _Max, (s |aqoy a4 Sl %8180 SN '-35 | R PN SN (RANGE
Fuel | obs. [ Y |4tS |54 qélis.o 223120202 lezd, lers| |
Multl- Polnt ﬁulumﬂo Mlxtug.a Controt Cnlihr-aﬂan 1 Limlte; . o b
Test Point No. : I :
Metering Suction Flow Methed: B-L, 28z REETW Sarg
Inchea of Walcr . : : . :
ICorrespoadihg - . Date Inpued: 10-2-58
Alr Flow Lby, fHr, .
Mistare Coiarol : Drenglity: 0.0743 -0, 0511 0, 0408 0,02n8
|Lever Position Low {(Rich) Limlt: 18,55 27.66 34,96 C38.75
T Hlgh {Lean) leii* 21.05° 27.95 95.15 59.15
Buratie " Folume
Time | Min, Note Mg, 1. : Increaga fuel inlet preasurs te 28,0 pai at Tast Paint Mo, I only
Limita Max, i ' {Idla-Cut-oil Check) _
Jecomds obs. . : .
FLlowmeias Mm U
Limits M - e s Freas s S HE e (an;:.}) |
Lbs./Hr, | Obs, |. : | (Powrze “endicumens e 15 1536 oo .
Melering [ Min - ) ) ' : i
Hpzd Mn.x,_ I . A . ; - ; ]
liches of ) . : T ' o :
Fueal Obsg,

Féﬁ ,57 al b & AV Zpr
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@
WRIGHT R-3350 FUEL FLOW DATA

USED FOR MICHAEL BROWN'S SEPTEMBER FURY
(PR-5852 CARBURETOR FOR DIRECT INJECTED R-3350-93)
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P&W R-4360-63A FUEL FLOW DATA
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[ Creapwevenz] DREADNOUGHT
z ALBERLS FLOWED AF RESET | :
MELA S/8 79514 8 w LO3-8 Ho3 (Elg
Engine Model: R-43060-83 Fuel Inlet Pressure: 25 P.S.1. Parts List Ho,: 391489-11 ;3‘_ 0
Engine Migr.: Ford Mpzzie Pregoure: 10+ 1/4 P, 2.1, Carh, Model: FR-10054 B2
Engina Migr, Setting: PR-100B4-12 Limite Baged on ,732-_748 Bpecl[ic Graﬂ'lt}' at  To-afF, Date Togued: 7-2-58 H |
: ' NAPHTHA D13 @7 . __(Test Spes. No. 215) e
Test Polnt No, 1 [2Jl3 a-[ls 1 el n Vs 1o [ Pag [s2 Tsolag Tosleelvg (98 19 ][]
Matering Suction ] “Hg |“Hg "Hg | [n{®
Inches of Water 5.0 |6D.0O ¢ 16,0 0.8 5. 8% |3.665) 6,6 | 9.9 [13.2 313.2 NF,15(23.0 . 2p P (4] 2| 4] 252,17 §.22 1§23 . 6.23 ) |8 E
Correspondin
Alr Flow Lb /Hr. 9600 | 5800 17400 | 9000 [10500(10500112000 ;14030 (160001 900C 18000 21 504 | 27003 TO I AT000
Mixture Control
Lewer Posltiom R R B (0] B H N H H B N M H H B N E‘ R M
Buretie Yolume = S0 3090 | 3000] 000 (3000 | GO0A | 5000 { GO0G | SO0 | 3000 | 9000 [ 9000 | 9000 | 000 (B0 4000
Tlma Min. 48,50 32,31 39, 4| 3¢, 3128, 2| 5. 4129 8 (32.0]27.5 120,77 (27 A28 224, 0/18 6117.6 2.1
Limite Max, . | | NF 33,0 41,00 31,526, 2. A7, 8/ 30. 41 33.4105.6§,30.8 |28 9] X 2_0l15. 4] X 24.0
In ! :
|Segonds Chs. ; : i
Flowmeter] Mih, HF 520 [ 427 | 565 | BGT | g70 [ 967 ( &7d [T04& | ja2a(iefa} X ) 20Gh[ET704 X 2182
Limits |__Max. 8.0 41 | 444 | 570 | 604 | BD) | €06 { D12 11050 ) 1375 (1886 (2070 ; 2180 | 2814 ) 3000 2aie E
'h ' .
Lbe./He. | Cba. 555 |4¢0 |SB8L 16181715 91519 0livssladnl180liqis | 21ep| 2752 250 229 |2
Metering Min, | 8,5 _|03.8 3.2 4.9 196 BE.2 ] . PERICH =
Hexd Max, | 5.9 |67 B) | 2.8 5.8 18,0 S L2809 - BRANGE rl
i of
| Fuei oby. | 7.3 [6LBI |57 5.8 (85 52,2 -
Mult]-Point Automatle Mixture Contrs] Caljbration Iimite: DF 5 L.
R =
[Teat Poiot Ha. . n =
Metering Suction Flow Method: A-32 AMC F/N 381553 . ”35... . IZ¥FO i
Inches of Water : - 1
Corresponding Date lssued;  7-1-58 ("Font Spec. Mo, 1484) 735
Mr Flow Lba./Hr,
[MIxture Cootrol Denslky: .074a L0811 0408 L D88
Lawer Position : Low (Rlch) Limit: 29785 5z.0 i5.6 37.0
High (Lear) Limlt: 32,15 38.2 88.0%. 87.4
Burette [Folume
Tima Min. g Kotes: 1. Inerezse huel lolet presgsurn to 31,0 P.8,1, at Test Poink No. 4 only.
L:.;nitﬂ Max., ~ {ldla Sul-0ff Check).
Seconds Obsg,
Flowmeter] Min, .
Limits [ Max. I&‘gg 123 %40 @ 0.0i0" (4S Pecsivep & As S‘Ew)
In 5
193./8c. | Ohs, PermeR Frdw = Gp *‘fﬂg @ 2¢ P¢c8
fWctering [ Min. 3
Head Max, T =
ched of o
ﬁ'ua: Cha, i

CALAC FORM 79205-1



- 2pe aro. - ato
il oW~ (GALLONS JHOUR

COLAC FORM FSZ0E-



WATER RECULATOR FLOW BENCH TEST SHEET

FOR LSE WITH  ANY CARBURETOR .
GENERAL FLOW CHECK

CUSTOMER: WATER INLET PRESSURE: 8  tesfpe

TENGINE MODEL: TDISCHARGE NOERE PRESSURE: 5 LEBSJIN?

REGULATOR MODEL: CA Type MAIN METERING JET: . #2060 (2270¢e)

CSERIAL NG E WATER ENRICHMENT. JET: ___ NOME

FO. NUMBER: 6P GR, OF NAFPRTHA AT 74™-80°F:

DATE TESTED: CHECK VALVE OPEN|NG:.. HOHE IN. NAPHTHA (MHD}

TESTED RY: ZERO HEAD LEAKAGCE:___.____ LBS/HR,
TEST PONT NGO I =2 2 4. 5 - & 7 B8 g 10 It 1.2
METERING HEAD (WD) -'

INCHES ar FUEL {20 | 320 %0 L) f s T
INCHES of Mg. -

Sl e" ] 7" 8" o* | 12"
FLOW MIN. (ie0 |230 1280 320 360|890 | 430 1480 |520 | 550 (620 | 680
LBS/HR, MAX. (200|250 | 200 | 330 | 380 | 10 | 450.) 500540 |.570 | 650 | 700

OBs,




CUSTOMER::

WATER REGUIATOR FLOW BENCH TEST SHEET

TEOR USE WITH PR-00B+  CARBURETOR (PL 3%/4¢7-1))

ENGINE Mansu_ﬂ:ﬁ@_:ﬂé._
REGULATOR WMODEL: _J52A824"

SERIAL NO. 3
FO. NUMBER:
DATE TESTED:
TESTED BY:

REARLY SETTING WAS 2249300

TEST POINT NQ

WATER INLET PRESSURE: 252l | gs/)\2
DISCHARGE MNOZ2LE PRESSURE:_ID$] LBS/INZ
MAIN METERING JET 1 Mz 221%0] [aﬂn;.a}
WATEE EMEICHMENT. JTET: BLAMKE

SR GR, OF NAPHTHA AT 70%-80F1

CHECK VALVE OPENING:{2%26} 1N, NAPHTHA (MHD)

ZERO MEAD LEAKAGE:_____ \BS/HR,

] 2 3 4 s 3 7 a 9 ! 10 i )2 I
METERING HEAD (4D .
INCHES or FUEL | .40 | 50 60 0 Bo 90
INCHES ar Hg. 2.301 2. 88 1 3.4% | 4. 00| 450 [ S 00
ELOW MIN. | 487 |SI14 1542 [go4 | 649 | ¢B6
LBS/HR, MAX. 415 |536 |58 (28 676 | T4
QBS, [ | ... - .
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