Napier H-24 Sabre

Le Napier Sabre était un moteur 24 cylindres en H (deux douze cylindres a plat superposés) d'une
cylindrée de 36,70 litres (alésage de 127 mm pour une course de 120 mm) et d'une puissance
maximale de 2.000 ch pour un Sabre I, 2.500 ch pour un Sabre Il (puissance de secours possible de
3.000 ch pour ce modele) et de 3.500 ch pour l'ultime version en 1946. Sa puissance au litre atteignait
95,40 ch, son poids a sec était de 1.135 kg pour un modele VA, la longueur étant de 2,089 m, la largeur
1,016 m et la hauteur 1,168 m pour ce type. Ce propulseur, descendant du Lion (douze cylindres en
trois rangées, refroidissement liquide), du Rapier (seize cylindres en H vertical, refroidissement par air,
395 ch) et du Dagger (24 cylindes en H vertical, refroidissement par air, 1.000 ch) fut principalement
monté sur le Hawker Typhoon d'attague au sol et sur le rapide chasseur-bombardier Hawker Tempest
(versions Mk. | a MK. V pour ces deux appareils).

Sir Sidney Camm, ingénieur et concepteur chez Hawker congut vers 1933 le Fury Il sur les bases de
I'appréciable Fury I, monoplan des années 1925. Ce nouvel appareil allait devenir vers 1937, le fameux
Hurricane a moteur Rolls-Royce Merlin, contemporain heureux du Spitfire Mk. I/Mk. VB, qui allait
s'illustrer glorieusement pendant la bataille d'Angleterre en 1940.

Vers la fin des années 1930, la R.A.F. émis une spécification pour un nouveau chasseur d'assaut de
la classe des cing tonnes capable de voler en croisiére a plus de 500 km/h, d'offrir un taux de montée
comparable a celui d'un appareil de voltige et surtout de pouvoir emporter un armement de
mitrailleuses et de canons. De plus, cet avion devrait aussi étre apte aux opérations de bombardement

Iéger, donc étre muni sous les ailes de deux ou quatre bombes.

Hawker fut chargé de I'étude et Sydney Camm ressortit de ses plans un projet de chasseur-bombardier
baptisé Tornado. Il fut vite évident qu'un propulseur d'au moins 2.000 ch était nécessaire et qu'il devait
impérativement offrir un encombrement minimum, ainsi qu'une surface frontale la plus basse possible.
Le seul moteur alors existant était le nouveau Bristol Hercules, engin solide de plus de 2.000 ch, mais
hélas, sa conception en étoile ne convenait pas a l'installation dans une cellule trés fine telle que celle
dessinée pour le Tornado. On se tourna vers la firme Napier connue pour ses créations éprouvées
parmi lesquelles I'excellent Napier Lion produit des 1925.
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En collaboration avec Hawker, Napier étudia un nouveau moteur qui allait devenir le fameux Sabre.
D'une conception originale, il ouvrait une voie nouvelle. Afin de respecter I'encombrement, on eut
recours a la solution compacte d'un étage de douze cylindres a plat disposé en ligne surmonté d'un
deuxiéeme de méme nature, architecture pour la premiere fois réalisée d'un moteur en H placé
horizontalement. Pour disposer d'une puissance d'au moins 2.000 ch, on étudia une forte cylindrée de
plus de 36 litres. De plus, pour pouvoir entrainer une machine lourde avec des performances élevées,
un haut rendement unitaire en matiere de couple était requis, il fut alors choisi le type suralimenté par
compresseur mécanique a double étage, les cylindres sans soupapes, la distribution par chemises
louvoyantes, le tout agrémenté d'une construction surdimensionnée en matiére de résistance de toutes
les pieces mécaniques.

Trés vite, aprés quelques réglages et modifications mineures, le Sabre développa 2.200 ch et procura
un excellent rendement dés les bas régimes ou déja le couple maximal était présent a 60% vers 1.500
tr/min. C'était le premier moteur a haut rendement développant une puissance unitaire au litre de plus
de 90 ch soit environ 20 a 30% de plus que les moteurs d'égale cylindrée et régime identique alors
existants.

Ce fut un succeés en regard des exigences de Hawker et de la R.A.F., mais des problemes de fiabilité
survinrent vite alors que les utilisateurs étaient ébahis par les performances. En premier lieu, le Sabre
nécessitait dix heures de maintenance pour cinq heures de fonctionnement, ce qui devenait
inacceptable, la norme étant alors, de cing heures de maintenance pour trente heures d'utilisation. En
deuxiéme lieu, il était frequemment victime de coupures intempestives en vol ce qui s'avéra parfois
tragique. La cause était une carburation sous évaluée qui provoquait un encrassement prématuré des
48 bougies qui devaient étre changées aprés seulement cing heures de fonctionnement. Par ailleurs,
les chemises louvoyantes étaient peu fiables et demandaient un échange toutes les vingt heures
d'utilisation, ce qui nécessitait un démontage complet du moteur, d'ou des taux élevés d'indisponibilité.
Aussi, le circuit de refroidissement se montrait vite inadéquat du fait de son faible volume.

Napier ne tarda pas a réagir, il fut décidé de se fournir pour les chemises louvoyantes chez Bristol qui
maitrisait la technique des moteurs sans soupapes et fabriquait des moteurs en étoile de ce type. La
fiabilité de ces éléments passa a 200 heures, la carburation fut modifiée et un nouveau systéme de
refroidissement fut adapté. Au fil du temps, mais trés vite, ces maladies de jeunesse firent place a une
machine au point et sécurisante. Cela ajouté aux qualités de base de la fabrication en fit un moteur
tres rapidement apprécié des pilotes et des mécaniciens.

Le Typhoon, issu du prototype du Tornado et doté du Sabre, devint la terreur des ennemis de part sa
puissance de feu destructrice alliée a des vitesses époustouflantes d'évolution. Il se distingua en
particulier en Normandie, vers la ville de Falaise (bataille appelée Poche de Falaise) peu de temps
aprés le débarquement du 6 juin 1944 ou il réduisit de fagcon ambitieuse des groupes de chars qui
menacaient I'avance Alliée.

Mais déja, le successeur du Typhoon sortait des ateliers Hawker, il s'agissait du Tempest. Plus lourd
encore, environ sept tonnes, plus grand, il reprenait toutes les qualités de son ainé avec en plus une
vitesse de pointe accrue, un armement renforcé et des possibilités de montée en chandelle encore
plus évoluées. Le Napier Sabre devint Sabre Il, plus puissant, disposant de 2.500 ch, encore fiabilisé,
il offrait un dispositif de secours permettant d'augmenter momentanément la puissance jusqu'a plus de
3.000 ch par injection d'un meélange d'eau et d'éthanol. Ce systeme apporta dans bien des cas le salut
a des pilotes, confrontés a des chasseurs rapides du type Focke-Wulf 190, mais également des succes
considérables dans la poursuite et destruction des fusées V-1 qui volaient avec leur charge mortelle
vers Londres a des vitesses supérieures a 800 km/h.
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Au fil des diverses applications du Sabre, a I'unanimité des pilotes, son point faible résidait dans des
pertes de puissance aux hautes altitudes. Cela s'explique aisément par le fait que ce moteur fut congu
du départ comme a alimentation atmosphérique puis équipé ensuite d'un compresseur mécanique
pour offrir le maximum de couple a bas régime. Cette caractéristique de fonctionnement du Sabre
permit aux Typhoon et Tempest de devenir de redoutables avions d'assaut a basse altitude qui
causerent des dégats dont I'ennemi ne résista guere longtemps.

Grace a son formidable couple, allié & une puissance de 2.500 ch a 3.000 ch, le Sabre permettait a un
Tempest de sept tonnes des montées fulgurantes en chandelle sur un plan presque vertical pour
échapper a la poursuite d'un Fw 190 plus Iéger mais aussi plus lent. Ayant fait demi tour a l'insu du
poursuivant, le Tempest était capable d'un piqué a 900 km/h pour revenir le mitrailler. Ces survitesses
de nature a endommager tout autre moteur n‘altéraient en rien la résistance du Sabre. Apres bien des
victoires, une aura peu commune, une version peu diffusée du Sabre fut développée apres les hostilités
vers 1946/1947. Cet ultime Sabre culminait & une puissance de 3.500 ch, mais il était alors dépassé
par un nouveau rival, le Bristol Centaurus en étoile. Ces propulseurs firent partie de la derniere
génération de moteurs a pistons et atteignirent les limites maximales de performances possibles, ils
furent remplacés par les turbopropulseurs. Napier abandonna la construction des Sabre, Bristol celle
du Centaurus et cette machine hors du commun entra dans la Iégende.

Un exemplaire de Napier Sabre Il, est en état de fonctionnement sur banc, au musée Hawker en
Angleterre. De méme, un collectionneur privé britannique de Cambridge est le trés rare propriétaire
d'un Tempest MK. V en état de vol. Contrairement a ses contemporains de I'époque dont il existe des
dizaines de modeles préservés et utilisés lors de meetings historiques, le Sabre a pratiquement
disparu. Toutes les productions de I'époque ont été ferraillées, il existe a ce jour moins de cinq moteurs
Sabre conservés et répertoriés dans le monde. Aucun n'est connu comme en état de fonctionner, de
méme ceux qui équipent les différents avions Typhoon et Tempest rarement exposés dans les musées
du globe. Récemment, une association anglaise a entrepris la restauration d'une épave de ce moteur
pour une remise en fonctionnement. Déja, le colt global de manufacture personnalisée des piéces
mécaniques, puis leur assemblage par des vétérans et spécialistes selon les normes de I'époque
constitue un prix de 200.000 euros.

- En complément, vue générale d'un moteur sans soupapes Napier Sabre 1A (1943), avec les
échappements placés entre les deux blocs de douze cylindres, vue de la face avant de ce propulseur,
et face arriére avec le compresseur mécanique. Musée de I'Air et de I'Espace du Bourget, avril 2019.

Le document d'origine de ce texte a été aimablement fourni par Richard Marciniak (février 2006).

Source : http://ijnpassieux.fr/ www/html/Napier Sabre.php
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Version anglaise

Aircraft engine designer Frank Bernard Halford believed that an engine using a multitude of small
cylinders running at a relatively high rom would be smaller, lighter, and just as powerful as an engine
with fewer, large cylinders running at a lower rpm. Halford was contracted by the British engineering
firm D. Napier & Son (Napier) in 1928 and built the Rapier | (E93) in 1929 and the Dagger | (E98) in
1933. Both of these air-cooled engines had a vertical H configuration, with the Rapier having 16-
cylinders and the Dagger having 24-cylinders. Ultimately, the 539 cu in (8.83 L) Rapier VI (possibly
E106) produced 395 hp (295 kW) at 4,000 rpm in 1936, and the 1,027 cu in (16.84 L) Dagger VIl
(E110) produced 1,000 hp (746 kw) at 4,200 rpm in 1938.

The Napier Sabre’s block-like exterior hid the engine’s complicated internals of 24-cylinders, two
crankshafts, sleeve-valves, and numerous drives. The Sabre VA seen here was the last variant to
reach quantity production. (Napier/NPHT/IMechE image)

Back around 1930, Napier Chairman Montague Stanley Napier and the company’s Board of Directors
sought to diversify into the diesel aircraft engine field. Montague Napier and Bill Nowlan laid out the
design for a liquid-cooled, vertical H, 24-cylinder diesel engine that used sleeve valves. Given the
Napier designation E101, the engine had a 5.0 in (127 mm) bore, a 4.75 in (121 mm) stroke, and a
total displacement of 2,239 cu in (36.68 L). Montague Napier passed away on 22 January 1931, but
Nowlan continued design work under the direction of George Shakespeare Wilkinson, Ronald
Whitehair Vigers, and Ernest Chatterton. Wilkinson took out a patent for the sleeve drive (GB363850,
application dated 7 January 1931), and Vigers took out patents for sealing rings on a plug-type cylinder
head (GB390610, application dated 15 February 1932) and sleeve-valves (GB408768, application
dated 24 January 1933). It appears the E101 diesel was abandoned around 1933. However, two- and
six-cylinder test engines had been built to test the sleeve-drive mechanism and prove the validity of
the entire design.
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In 1935, Halford joined Napier’s Board of Directors, acting as the company’s Technical Director. Halford
was disappointed that the Rapier and Dagger were not more successful. He decided to design a new,
larger, 24-cylinder, H-configuration engine that would be capable of 2,000 hp (1,491 kW). The design
for at least part of the new engine was based on the E101 diesel. As he had done with the Rapier,
Halford showed his design to George Purvis Bulman, the Deputy Director of Engine Research and
Development for the British Air Ministry. Bulman was aware that designers of fighter aircraft were
interested in such an engine and was able to arrange financial support for Napier to develop the H-24
engine. Halford’s 2,000 hp (1,491 kW) engine was given the Napier designation E107 and became
known as the Sabre.

Serious design work on the Sabre started in 1936. The spark-ignition engine had a similar layout to the
E101 diesel—both being liquid-cooled H-24s with sleeve-valves and possessing the same bore and
stroke. Liquid-cooling was selected to efficiently reject the heat that the compact 2,000 hp (1,491 kW)
engine generated, and a mixture of 70 percent water and 30 percent ethylene-glycol would be used.
The Air Ministry enabled the free flow of information between Napier, Halford, and Harry Ralph
Ricardo—a British engine expert who had been researching sleeve-valve engines for quite some time.
With the engine technology known in the early 1930s, a perception existed that the poppet-valve engine
had reached its developmental peak. Sleeve-valves were seen as a way to extract more power out of
internal combustion engines. The sleeve-valve offered large, unobstructed intake and exhaust ports, a
definite advantage to achieve a full charge into the cylinder and complete scavenging of the exhaust
when the engine is operating at high RPMs.

A drawing of a Sabre Il, which was the main production variant. Note the two-sided supercharger
impeller and the location of the supercharger clutch at the rear of the engine. The design of these
components was changed for the Sabre IV and later variants. All accessories are mounted neatly atop
the engine, away from any leaking oil, coolant, and fuel. (AEHS image)
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The layout of the engine was finalized as a horizontal H-24. The Napier Sabre had a two-piece
aluminum crankcase that was split vertically on the engine’s centerline. Sandwiched between the
crankcase halves was an upper and lower crankshaft, each secured by seven main bearings. The
center main bearing was larger than the rest, which resulted in an increased distance between the third
and fourth cylinders in each bank. The crankshafts were phased at 180 degrees, and a cylinder for
each crankshaft fired simultaneously. The single-piece, six-throw crankshafts were identical, and both
rotated counterclockwise when viewed from the rear of the engine. Fork-and-blade connecting rods
were used, with the forked rods serving the three front-left and three rear-right cylinders of the upper
banks and the three front-right and three rear-left cylinders of the lower banks.

A 21-tooth spur gear on the front of each crankshaft meshed with two compound reduction gears, each
with 31 teeth. A 17-tooth helical gear on the opposite side of each of the four compound reduction
gears drove the 42-tooth propeller shaft counterclockwise. The drive setup created a double gear
reduction, with the compound reduction gears operating at .6774 times crankshaft speed and the
propeller shaft operating at .4048 times the speed of the compound reduction gears. The final gear
reduction of the propeller shaft was .2742 crankshaft speed. A balance beam was mounted to the front
of the two upper and the two lower compound reduction gears. A volute spring acted on each side of
the beam to equally balance the tooth loading of the helical reduction gears on the propeller shaft. The
forward ends of the compound reduction gears were supported by a gear carrier plate that was
sandwiched between the crankshaft and the propeller shaft housing. The propeller shaft, balance
beams, and volute springs were secured by the propeller shaft housing that bolted to the front of the
engine.

INTAKE
MANIFOLD

MANIFOLD

Sectional view through a Sabre cylinder block showing the upper and lower cylinders paired by the
sleeve-valve drive. Intake and exhaust passageways were cast into the cylinder block, and coolant
flowed through the hollow cylinder head. Note that the sleeve extends quite a distance between the
cylinder head and cylinder wall. Also note the supercharger torsion bar extending through the hollow
sleeve-valve drive shaft. (AEHS image)
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Attached to each side of the crankcase was a one-piece, aluminum cylinder block that consisted of an
upper and a lower cylinder bank, each with six cylinders. With the exception of a few installed studs,
the left and right cylinder blocks were interchangeable. A two-piece sleeve-valve drive shaft was
mounted between each cylinder block and the crankcase, and it ran between the upper and lower
cylinder banks. Each sleeve-valve drive shaft was driven at crankshaft speed through a layshaft by an
upper compound reduction gear. The left and right sleeve-valve drive shafts each had six worm gears
with 11 teeth, and each worm gear drove the sleeves for an upper and a lower cylinder pair via a 22-
tooth worm wheel made from bronze. This setup enabled the sleeves to operate at half crankshaft
speed (and half the speed of the sleeve-valve drive shaft). The worm wheels and their separate
housings were mounted to the inner sides of the cylinder blocks. Each worm wheel had an upper and
lower sleeve crank, which were phased at 180 degrees. Each sleeve crank drove a sleeve via a ball
joint mounted on a lug on the outer bottom of the sleeve. The rotational movement of the sleeve crank
caused the sleeve to reciprocate and oscillate in the cylinder bore. In addition, when the sleeve for the
upper cylinder was rotating clockwise, the sleeve for the paired lower cylinder rotated counterclockwise.
Due to the opposite rotation, the sleeves for the upper and lower cylinder banks had different (mirrored)
port shapes. Each sleeve-valve drive shaft was supported by 14 bearings, with each of the six worm
wheel housings incorporating two bearings.

Each sleeve-valve drive shaft was hollow and had a supercharger torsion bar running through its
center. The two supercharger torsion bars acted on a compound supercharger gear at the rear of the
engine. Via a fluid-actuated clutch, the two-speed supercharger was driven at 4.48 times crankshaft
speed in low gear (often called moderate supercharging, MS) and 6.62 times crankshaft speed in high
gear (often called full supercharging, FS). The supercharger’s centrifugal impeller was double-sided.
Air was drawn in through a four-barrel updraft SU (Skinner’s Union) suction carburetor and fed into the
impeller. The air and fuel mixture was distributed from the supercharger housing via one of four outlets
to a cast aluminum manifold that ran along the outer side of each cylinder bank.

When ports in the sleeve-valve aligned with three intake ports cast into the cylinder, the air and fuel
mixture was admitted into the cylinder. As the sleeve rotated and ascended, the ports closed. Two
spark plugs mounted parallel to one another in the cylinder head ignited the mixture, initiating the power
stroke. As the sleeve rotated back and descended, the cylinder’s two exhaust ports were uncovered to
allow the gasses to escape between the upper and lower cylinder banks. The sleeve’s stroke was
approximately 2.5 in (64 mm), and its full rotation was approximately 56 degrees (its rotary movement
being approximately 28 degrees back and forth from center). Each sleeve had only four ports, one of
which was used for both intake and exhaust. Valve timing had the intake ports opening 40 degrees
before top dead center and closing 65 degrees after bottom dead center. The exhaust ports opened
65 degrees before bottom dead center and closed 40 degrees after top dead center. Intake and exhaust
ports were simultaneously partially uncovered for 80 degrees of crankshaft rotation—the last 40
degrees of the exhaust stroke and the first 40 degrees of the intake stroke. Twelve exhaust ports were
located in a single line on each side of the engine, and each ejector exhaust stack served two ports—
one for an upper cylinder and one for a lower cylinder.



A Sabre engine being assembled. In the foreground are the individual cylinder heads with their sealing
rings. In the row above the heads is a long, slim shaft that is the supercharger torsion bar. It passes
through the two-piece sleeve-valve drive shaft. Further right are six sleeve-valve cranks, followed by
their housings, and a set of 12 sleeves. The crank end of the sleeve is up, and note the helical grooves
for oil control. Next is a row of pistons sitting inverted, each with rings and a piston pin. On the next row
is a crankshaft being worked on and a set of six fork-and-blade connecting rods. Further to the right is
another set of connecting rods that are already attached to the other crankshaft (out of frame). The
lady furthest from the camera is working on the four compound reduction gears that will take power
from the two crankshafts and deliver it to the propeller shaft, which is being held in a wooden fixture in
front of her. On the far left, behind the ladies, is a Sabre cylinder block with numerous studs to attach
the cylinder bank. Next is an upper accessory housing with some accessories attached. Last is a lower
accessory housing with fuel, water (both external), and oil (internal) pumps.

The forged aluminum pistons were rather short with a minimal skirt, which was required for the engine’s
relatively short stroke, use of sleeve-valves, and narrow width. Each flat-top piston had two
compression rings above the piston pin, with one oil scraper ring below. The top ring was later tapered
to prevent the buildup of carbon. The piston operated directly in the sleeve-valve, which was .09375 in
(2.4 mm) thick and made from forged chrome-molybdenum steel. When the piston was at the bottom
of its stroke, it was almost completely removed from the cylinder and supported only by the sleeve. The
sleeves had a hardened belt on their inner diameter at the top of the piston stroke. Helical grooves
inside the lower part of the sleeve helped prevent excessive oil accumulation on the sleeve walls. OIl
was controlled further by an oil scraper fitted at the bottom of the sleeve between its outer diameter
and the cylinder. The top of each cylinder was sealed by a cast aluminum cylinder head.
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The cylinder head acted as a plug atop the cylinder and was sealed against the sleeve by a
compression ring. The top of the sleeve extended between the cylinder head and the cylinder wall. The
cylinder head incorporated coolant passages that communicated with passages in the cylinder block.
The engine had a compression ratio of 7.0 to 1.

The upper and lower crankshafts also respectively drove upper and lower auxiliary drive shafts. These
auxiliary drive shafts were contained in their own separate housings which were respectively attached
to the upper and lower sides of the assembled engine. The upper auxiliary drive shaft powered a
vacuum pump, the propeller governor, two distributors, two magnetos, a generator, an air compressor,
a hydraulic pump, and an oil pump for the supercharger. All of this equipment was mounted as
compactly as possible to the top of the engine. The lower auxiliary drive shaft powered left and right
coolant pumps, a fuel pump, and various oil pumps. The coolant and fuel pumps were mounted below
the engine, while the oil pumps were internal. The coolant pumps provided a combined flow of 367 US
gpm (306 Imp gpm / 1,389 L/min). Also mounted atop the engine and geared to the rear of the upper
crankshaft was the Coffman combustion starter unit. The starter had a five-cartridge capacity.

The upper and lower cylinders were numbered 1-12, starting from the left rear and proceeding
clockwise to the right rear. With the simultaneous firing of a cylinder for each crankshaft, the engine’s
firing order was Top 1/Bottom 6, T9/B10, T5/B2, T12/B7, T3/B4, T8/B11, T6/B1, T10/B9, T2/B5,
T7/B12, T4/B3, and T11/B8. Four mounting pads on the underside of the engine attached it to the
support structure in the aircraft. The basic design of the Sabre enabled easy access for routine
maintenance. Once the aircraft’'s cowling was removed, crews had unobstructed access to all of the
spark plugs on the sides of the engine and all accessories mounted atop the engine.

A Sabre IIB being pulled from a Typhoon IB. Note the coolant header tank at the front of the engine,
the accessories packaged atop the engine, the two-into-one exhaust stacks, and the hydraulic
supercharger clutch at the rear of the engine. The cylinder housing for the five-cartridge Coffman starter
can be seen above the supercharger.
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The Napier Sabre | (E107) engine had a 5.0 in (127 mm) bore and a 4.75 in (121 mm) stroke. With a
bore diameter greater than the stroke length, the Sabre was an over-square engine. Each cylinder
displaced 93.2 cu in (1.53 L), and the engine’s total displacement was 2,239 cu in (36.68 L). At 3,700
rpm, the Sabre | produced 2,050 hp (1,529 kW) at 2,500 ft (762 m) with 7 psi (.48 bar) of boost and
1,870 hp (1,394 kW) at 14,500 ft (4,420 m) with 8 psi (.55 bar) of boost. The engine was 81.1 in (2.06
m) long, 40.0 in (1.02 m) wide, and 51.1 in (1.30 m) tall. The Sabre | weighed 2,360 Ib (1,070 kg).

Sabre development at Napier’s works in Acton, England progressed quickly, and single-, twin-, and six-
cylinder test engines were all running by the end of 1936. The first of four 24-cylinder prototype engines
was run on 23 November 1937, and the Air Ministry ordered six additional test engines by December.
On 17 January 1938, the Sabre passed initial acceptance tests with a rating of 1,350 hp (1,007 kW),
and on 3 March, the Air Ministry ordered two Sabre-powered Hawker Typhoon fighter prototypes. Also
in March, the engine passed a 50-hour test that included a peak output of 2,050 hp (1,529 kw). All
ordered engines were completed by the end of 1938 and were running on test stands by February
1939. While testing continued, the Sabre | was first flown in a Fairey Battle on 31 May 1939, piloted by
Chris Staniland. As installed in the Battle, the Sabre had a single exhaust manifold on each side of the
engine that collected the exhaust from all 12 cylinders.

In July 1939, the Air Ministry ordered 100 production engines and material for another 100 engines. In
August, the Sabre passed a type test with a rating of 1,800 hp (1,342 kW). On 8 October 1939, an
order for 250 Typhoons was placed, and on 24 February 1940, the Typhoon prototype (P5212) made
its first flight, piloted by Philip G. Lucas. Three four-into-one exhaust manifolds were originally installed
on each side of the Typhoon’s Sabre, but these were quickly replaced by what would become the
standard two-into-one exhaust stacks. In March 1940, Napier created its Flight Development
Establishment at Luton, England for flight testing the Sabre and developing installations for the engine.
By all accounts, the Sabre continued to perform well, although some vibration issues were experienced
with the Typhoon. In June 1940, the engine passed a 100-hour type test with a maximum output of
2,050 hp (1,529 kW) at 3,700 rpm, making the Sabre the first engine to have a service rating over 2,000
hp (1,491 kW).

The installation of Sabre engines on the Fairly Battle (top) and Folland F.108 (bottom) were well
executed. Two Battles and three F0.108s were employed to test the Sabre, and these aircraft provided
valuable information about the engine.
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Since mid-1938, a plan was underway to use an uprated Sabre engine in a specially-designed aircraft
for a speed record attempt. The special engine produced 2,450 hp (1,827 kW) at 3,800 rpm with 9.2
psi (.63 bar) of boost and was first run on 6 December 1939. Installed in the Napier-Heston Racer, the
combination first flew on 12 June 1940, piloted by G. L. G. Richmond. Difficulties with the new engine
and airframe resulted in a hard landing that damaged the aircraft beyond repair. The Sabre engine
installed in the Napier-Heston Racer featured two six-into-one exhaust manifolds on each side of the
engine.

Around November 1939, the Air Ministry ordered 500 examples of the Typhoon. This order was
temporarily suspended due to the Battle of Britain but was reinstated in October 1940. At that time,
Napier began work to produce additional Sabre engines for the Typhoon order, but production was still
a very limited affair. These early engines were limited to 25 hours before being removed for major
inspection. The first production Typhoon IA (R7576) flew on 27 May 1941, with other aircraft soon to
follow. Nearly all Sabre | engines were used in Typhoon IAs.

Around 1940, consideration was given to producing the Sabre in the United States. A Sabre | was sent
to the Army Air Corps Technical Branch at Wright Field, Ohio, where it was inspected by a number of
aircraft engine and automotive manufacturers in early 1941. While the engine was judged to be
impressive overall, the general consensus was that the Sabre’s complexity and its unproven sleeve-
valves made it too much of a risk to justify production in the United States.

With its 14 ft (4.27 m) three-blade propeller turning, this early Typhoon IB warms up its Sabre engine
for a flight. The Typhoon IB had four 20 mm cannons, while the earlier IA had 12 .303 machine guns.
At the center of the radiator is the open carburetor intake, which was later covered by a momentum air
filter. Note the underwing identification/invasion stripes.
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Napier continued to develop the engine as the Sabre I, and the first production Sabre Il was completed
in January 1941. The Sabre Il produced 2,090 hp (1,559 kW) at 3,700 rpm at 4,000 ft (1,219 m) with 7
psi (.48 bar) of boost and 1,735 hp (1,294 kW) at 17,000 ft (5,182 m). Sabre Il engines were first
installed in Typhoons on a trial basis in June 1941, and the engine was cleared for 50 hours between
major inspections around this time. The Sabre Il would ultimately replace the Sabre | in Typhoon IAs
and IBs, and the Sabre | was phased out around October 1941. In addition to the Typhoon, the Sabre
Il also powered the Martin-Baker MB3 fighter, which made its first flight on 31 August 1942, and the
Hawker Tempest V fighter prototype (HM595), which made its first flight on 2 September 1942, piloted
by Lucas. The Tempest V was a new aircraft developed from the Typhoon.

The Folland Fo.108 was built to Air Ministry Specification 43/37 calling for an engine testbed aircraft.
Three of the fixed-gear monoplanes were delivered to Napier’s Flight Development Establishment at
Luton in 1941 and were initially fitted with Sabre 1l engines. The aircraft were to serve Napier for several
years testing various versions of the Sabre engine. One of the Sabre-powered aircraft was lost on 14
September 1944.

The Sabre Il was similar to the Il but was intended for higher engine speeds. The Sabre Ill was selected
for the Blackburn B-37 Firebrand carrier strike aircraft. At 4,000 rpm, the Sabre 11l had a takeoff rating
of 2,250 hp (1,678 kW) and military ratings of 2,310 hp (1,723 kW) at 2,500 ft (762 m) with 9 psi (.62
bar) of boost and 1,920 hp (1,432 kW) at 16,000 ft (4,877 m). At 3,500 rpm, the engine had a normal
rating of 1,890 hp (1,409 kW) at 5,000 ft (1,524 m) and 1,630 hp (1,215 kW) at 16,500 ft (5,029 m).
The Firebrand (DD804) was first flown on 27 February 1942. However, with production priority going
to the Typhoon, the Ministry of Aircraft Production decided to reengine the Firebrand with the Bristol
Centaurus sleeve-valve radial engine. Only around 24 of the Sabre-powered versions were built.

The Blackburn Firebrand, was to be powered by the Sabre Ill. However, Sabre engine production was
allocated to the Typhoon, and the Firebrand was reengined with the Bristol Centaurus. Pictured is
DD815, the third Firebrand MK | prototype.
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With production engines in production airframes, Sabre reliability issues were soon encountered. After
running for a few hours, sometimes not even passing initial tests, Sabre engines began to experience
excessive oil consumption and sleeve-valves cracking, breaking, seizing or otherwise failing.
Examinations of numerous engines found sleeves distorted or damaged. Since the Sabre’s main
application was the Typhoon, it was that aircraft that suffered the most. To make matters worse, the
Typhoon was experiencing its own issues with in-flight structural failures. Other aircraft suffered as
well. On 12 September 1942, the Sabre Il engine in the MB3 failed; the subsequent crash landing
destroyed the prototype and killed the pilot, Valentine H. Baker.

The Sabre had performed admirably during testing, but the production engines were encountering
issues at an alarming rate. The early engines were built and assembled by hand. Parts with small
variances were matched to obtain the desired clearances and operation. This was a luxury that could
not be afforded once the engine was mass produced. The sleeves were found to be .008 to .010 in
(.203 to .254 mm) out of round. This caused the cascading failure of other components as the engine
was operated. In addition, the piston was forming a ridge in the sleeve, leading to excessive wear and
the eventual failure of the piston rings, piston, or sleeve.

Carbon build-up was causing issues with the lubrication system. While in flight, aeration of the oil
resulted in a heavy mist of oil flowing from the breather and coating the cockpit, obscuring the pilot’s
view. The Coffman cartridge starter caused other issues; its sudden jolt when starting the engine
occasionally damaged sleeve-drive components, setting up their inevitable failure. Part of the starting
issue was that the sudden rotation of the engine with a rich mixture washed away the oil film between
the pistons and sleeves. Finally, service crews were misadjusting the boost controller, creating an over-
boost situation that led to detonation in the cylinders and damaged engines.

The Tempest | was powered by the Sabre IV engine. At 472 mph (760 km/h), the aircraft was the
fastest of the Tempest line. The Tempest | was rather elegant without the large chin radiator, and the
wing radiators were similar to those that would be used on the Sabre VII-powered Fury.
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Napier worked diligently to resolve the issues. A detergent-type oil was used to prevent the build up of
carbon on internal components. A centrifugal oil separator was designed to deaerate the oil and was
fitted to Sabre engines already installed in Typhoons. Changes were made to the starter drive, and a
priming mixture of 70 percent fuel and 30 percent oil was utilized to maintain an oil film in the cylinders.
The boost controllers were factory sealed, and severe repercussions were put in place for their
unauthorized tampering.

The issues with sleeve distortion were the most serious and vexing. Methods were devised to measure
the sleeve with special instruments via the spark plug hole. While this helped to prevent failures, it also
caused the withdrawal of low-time engines as sleeves became distorted. To fix the issue, different
sleeve materials were tried along with different processes of manufacture, but nothing seemed to work.
The supply of Sabre engines fell behind the production of Typhoon aircraft, and engineless airframes
sat useless at manufacturing facilities. The engine shortage was so severe that a good Sabre would
be installed in a Typhoon to ferry the aircraft to a dispersal facility. The engine would then be removed,
returned to the aircraft factory, and installed in another Typhoon to shuttle that aircraft away, repeating
the process over and over.

In October 1941, Francis Rodwell ‘Rod’ Banks replaced Bulman, who was, at the time, the Director of
Engine Production for the Ministry of Aircraft Production. Bulman was back in Engine Research and
Development and continued to work with Halford and Napier to resolve issues with the Sabre. Banks
suggested that Napier work with the Bristol Engine Company on a suitable sleeve for the Sabre. Bristol
had been manufacturing radial sleeve-valve engines since 1932, and their Taurus engine had the same
5.0 in (127 mm) bore as the Sabre. Napier was apparently not interested in pursuing that possible
solution, so Banks went directly to Bristol and had them machine a pair of sleeves for use in the Sabre
two-cylinder test engine. The Bristol sleeves were made from centrifugally cast austenitic steel
comprised of nickel, chromium, and manganese. The sleeve was nitrided to increase its hardness and
was not more than .0002 in (.005 mm) out of round. The Sabre two-cylinder test engine with the Bristol
sleeves ran 120 hours without issue. Banks then had Bristol produce 48 sleeves for two complete 24-
cylinder Sabre test engines. Bristol became unhappy with sharing its components and processes with
a competitor, and Napier was still hesitant to utilize Bristol's materials and techniques. Bristol’'s position
is somewhat understandable considering it took them years and a sizable fortune to develop the
materials and procedures to reliably manufacture their sleeves.

The Sabre VA had a one-sided supercharger impeller, a relocated supercharger clutch, and a two-
barrel injection carburetor. These refinements were introduced on the Sabre IV. The Sabre VA powered
the Tempest VI. (Napier/NPHT/IMechE image)
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With the Air Ministry’s push, Napier was taken over by English Electric in December 1942. The new
management was happy to accept any assistance from Bristol, and Bristol was now more willing than
ever to lend support. A lack of support from the Napier board of directors had caused Halford to give a
three-month notice of resignation, and he left in early 1943 to focus on turbojet engines at the de
Havilland Engine Company. Halford was already involved in turbojet engine development at de
Havilland before his departure from Napier, and some accused him of neglecting his duties on the
Sabre. However, it was the Ministry of Aircraft Production that had previously asked him to get involved
with the turbojet. Halford continued consulting work on the Sabre for a time. Before his departure from
Napier, Halford’s Sabre designs had progressed up to the Sabre V. Ernest Chatterton took over Sabre
development after Halford’s departure. Through all this, Bulman continued to work with Napier, but the
Ministry of Aircraft Production handed all responsibility for the Sabre engine to Banks in early 1943. To
get engine production up to speed, Sundstrand centerless grinders made in the United States and
destined for a Pratt & Whitney factory producing R-2800 C engines were rerouted to Napier's Sabre
production facility in Liverpool. While it is not entirely clear how Banks felt at the time, he later wondered
what would have become of the Fairey Monarch H-24 engine if the Air Ministry and the Ministry of
Aircraft Production had encouraged its development with the same financial and technological
resources supplied for the Sabre.

In the spring of 1943, some 1,250 engines had accumulated a total of 12,000 hours of testing and
40,000 hours of service use, and the Sabre’s service life was extended from 25 hours to 250 hours
between major inspections. With Sabre reliability issues resolved and production resuming,
development of the engine continued. The Sabre IV incorporated a two-barrel Hobson-RAE injection
carburetor and a revised supercharger with a single-sided impeller. The supercharger clutches were
updated and relocated from the extreme rear of the supercharger to between the supercharger and the
engine. Revised gears turned the impeller at 4.68 times crankshaft speed in low gear and 5.83 times
crankshaft speed in high gear. The Sabre IV produced 2,240 hp (1,670kW) at 4,000 rpm at 8,000 ft
(2,438 m) with 9 psi (.62 bar) of boost. The engine was selected for the Tempest |, the prototype of
which was initially ordered on 18 November 1941, followed by an order for 400 production aircraft in
August 1942. The Tempest | featured a streamlined nose and its radiator and oil cooler were installed
in the wing’s leading edge. The prototype Tempest | (HM599) was first flown on 24 February 1943,
piloted by Lucas, and would go on to record a speed of 472 mph (760 km/h) at 18,000 ft (5,486 m) in
September 1943. However, delays and development issues with the Sabre IV engine led to the
Tempest | order being converted to Sabre IIA and IIB-powered Tempest Vs.

The Sabre IIA (E115) was a refinement of the Sabre Il and had been developed in mid-1943. The
engine had a modified oil system and used dynamically-balanced crankshafts. The Sabre IIA had a
takeoff rating of 1,995 hp (1,488 kW) at 3,750 rpm with 7 psi (.48 bar) of boost. At 3,750 rpm and 9 psi
(.62 bar) of boost, the engine had a military rating of 2,235 hp (1,667 kW) at 2,500 ft (762 m) and 1,880
hp (1,402 m) at 15,250 ft (4,648 m). At 3,700 rpm and 7 psi (.48 bar) of boost, the engine had a normal
rating of 2,065 hp (1,540 kW) at 4,750 ft (1,448 m) and 1,735 hp (1,294 kW) at 17,000 ft (5,182 m).
Fuel consumption at cruise power was .46 Ib/hp/hr (280 g/kW/h). Starting around August 1943, Sabre
IIA engines were incorporated into production Typhoon IB and Tempest V Series | aircraft.
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Cutaway drawing of a Sabre VA illustrating the engine’s propeller reduction gears and sleeve-valve
drive. Note the upper and lower accessory drives, the slight fore-and-aft angling of the spark plugs,
and the single-sided supercharger impeller. (Napier/NPHT/IMechE images)

In 1944, prototypes of the Sabre 11B (E107A) became available. Compared to the Sabre IIA, the 1IB
used a different carburetor, had a modified boost controller, and was cleared for additional engine
speed. The Sabre IIB had a takeoff rating of 2,010 hp (1,499 kW) at 3,850 rpm with 7 psi (.48 bar) of
boost. At 3,850 rpm with 11 psi (.76 bar) of boost, the engine had a military rating of 2,400 hp (1,790
kW) at sea level, 2,615 hp (1,950 kW) at 2,500 ft (762 m), and 2,045 hp (1,525 kW) at 13,750 ft (4,191
m). The Sabre 1IB had the same normal rating as the IIA. The engine was used in later Typhoon IBs
and was the main Sabre version to power the Tempest V Series II.

The Sabre IIC (E107B) was a similar to the IIB but with new supercharger gears. The impeller turned
at 4.73 times crankshaft speed in low gear and at 6.26 times crankshaft speed in high gear. The engine
had a takeoff rating of 2,065 hp (1,540 kW) at 3,850 rpm. At the same engine speed and with 11 psi
(.76 bar) of boost, the military power rating was 2,400 hp (1,790 kW) at 2,000 ft (610 m) and 2,045 hp
(1,525 kW) at 13,750 ft (4,191 m). The Sabre IIC was used in some late production examples of the
Tempest V, including those converted as target tugs in 1948.

The Sabre V (E107C) was developed from the IV with an updated carburetor. Linkages were
incorporated to allow one lever to control the engine’s throttle and the propeller's pitch along with
automatic boost and mixture control, but this system could be overridden by the pilot. The spark plugs
were repositioned, although it is not clear if this change was made on the Sabre V or the Sabre VA
engine. Rather than being parallel, as in earlier Sabre engines, the electrode of the front spark plug
was angled forward, and the electrode of the rear spark plug was angled back. The engine produced
2,420 hp (1,805 kW) at 3,750 rpm at 4,250 ft (1,295 m) with 15 psi (1.0 bar) of boost. The Sabre V was
tested in the Tempest |, and the combination was first flown on 8 February 1944 by Bill Humble. On 12
February, an order for 700 Sabre V-powered Tempest Is was issued. This order was later reduced to
300 examples, and then converted to the Sabre V-powered Tempest VI in May.
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The prototype Tempest VI (HM595 again) made its first flight on 9 May 1944, piloted by Humble.
Cooling the more powerful engine in warmer climates required modifications to be incorporated into
the Tempest VI, including a larger chin radiator and a secondary oil cooler in the wing. Carburetor inlets
were also relocated to the wing’s leading edge. Otherwise, the aircraft was similar to the Tempest V.

A Tempest V Series | (top) and Tempest VI (bottom). The Tempest V Series | had Hispano MK Il
cannons with long barrels that protruded from the wing’s leading edge. The Tempest V Series Il and
other Tempests had Hispano Mk V cannons with short barrels. The Sabre VA-powered Tempest VI
(bottom) has an enlarged chin radiator, an oil cooler in the wing, and carburetor inlets in both wing
roots.
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The Sabre VA was essentially the production version of the Sabre V. The Sabre VA had a takeoff rating
of 2,300 hp (1,715 kW) at 3,850 rpm with 12 psi (.83 bar) of boost. The engine’s military rating at 3,850
rpm with 15 psi (1.0 bar) of boost was 2,600 hp (1,939 kW) at 2,500 ft (762 m) and 2,300 hp (1,715
kW) at 13,750 ft (4,191 m). At 3,650 rpm, the Sabre VA had a normal rating of 2,165 hp (1,614 kW) at
6,750 ft (2,057 m) and 1,930 hp (1,439 kW) at 18,000 ft (5,486 m). Cruise power at 3,250 rpm was
1,715 hp (1,279 kW) at 6,750 ft (2,057 m) and 1,565 hp (1,167 kW) at 14,250 ft (4,343 m). Fuel
consumption at cruise power was .50 Ib/hp/hr (304 g/kW/h). The engine was 82.2 in (2.10 m) long, 40.0
in (1.02 m) wide, and 46.0 in (1.17 m) tall. The Sabre VA weighed 2,500 Ib (1,134 kg). Starting around
March 1946, the engine was the powerplant for production Tempest VI aircraft.

The Sabre VI was the same engine as the Sabre VA, but it incorporated an annular nose radiator and
provisions for a cooling fan, all packaged in a tight-fitting cowling. The cooling fan rotated clockwise,
the opposite direction from the propeller. The intent of the engine and cooling system combination was
to produce a complete low-drag installation package that would cool the engine sufficiently for use in
tropical climates. The radiator incorporated cooling elements for both engine coolant and oil.
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The Sabre VI incorporated an annular radiator and provisions for an engine-driven cooling fan.
Tempest V NV768 was used to test a number of different spinner and annular radiator cowling
configurations with the Sabre VI. The aircraft is seen here with a large ducted spinner. The configuration
slightly improved NV768’s performance over that of a standard Tempest. (Napier/NPHT/IMechE
image)

Napier and Hawker experimented with annular radiators using various Sabre [IB engines installed on
a Typhoon IB (R8694) and a Tempest V (EJ518). In early 1945, the Sabre VI with an annular radiator
was test flown on a Tempest V (NV768). Numerous changes to the annular radiator and its cowling
eventually led to the development of a ducted spinner, which was installed on NV768. The aircraft
continued to test annular radiators through 1948.
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While the annular radiator added 180 Ib (82 kg), it created only a third of the drag compared to the chin
radiator, decreased the aircraft’s overall drag by almost nine percent, and improved the Tempest’s top
speed by 12 mph (19 km/h). The annular radiator’s durability was inadvertently tested on 18 December
1944 when EJ518 made a forced, gear-up landing after a hydraulic failure. The annular radiator was
undamaged and later installed on NV768. The chin radiator was typically destroyed during a gear-up
landing.

Two Sabre VI engines, each with an annular radiator and a cooling fan, were installed on a Vickers
Warwick C Mk Il (HG248) twin-engine transport. With the Sabre engines, the Warwick’s top speed
was limited to 300 mph (483 km/h) due to its fabric covering. This was still about 75 mph (121 km/h)
faster than the aircraft’s original design speed. Most of the annular radiator testing was conducted at
Napier’s Flight Development Establishment at Luton. While some of the ducted spinner research was
applied to the Napier Naiad turboprop, none of the work was applied to production piston engines.

A Vickers Warwick C Mk Ill (HG248) was used to test the installation of the Sabre VI engine with an
annular radiator and an engine-driven cooling fan. Note that the fan rotates in the opposite direction
from the propeller and that the lower cowling folds down level to be used as a work platform. The rear
four exhaust ejectors were replaced with elongated stacks to prevent excessive heat build-up on the
wing’s leading edge. (Napier/NPHT/IMechE image)

The Sabre VII carried the Napier designation E121 and was essentially a VA engine strengthened to
endure higher outputs. The engine was fitted with water/methanol (anti-detonant) injection that sprayed
into the supercharger via an annular manifold. The mixture used was 40 percent water and 60 percent
methanol. The water/methanol injection lowered the engine’s tendency toward detonation and allowed
for more power to be produced.
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The supercharger housing was reworked for the water/methanol injection, and the cylinder heads were
modified to accommodate two compression rings. Individual ejector exhaust stacks were fitted,
replacing the two-into-one stacks previously used on most Sabre engines.

Initially, the Sabre VII had a takeoff rating of 3,000 hp (2,237 kW) at 3,850 rpm with water/methanol
injection and 17.25 psi (1.19 bar) of boost. This was later increased to 3,500 hp (2,610 kW) at the same
rom with 20 psi (1.38 bar) of boost. The engine’s military rating at 3,850 rpm with 17.25 psi (1.19 bar)
of boost and water/methanol injection was 3,055 hp (2,278 kW) at 2,500 ft (762 m) and 2,820 hp (2,103
kW) at 12,500 ft (3,810 m). The water/methanol injection flow rate was 76 US gph (66 Imp gph / 300
L/h) at takeoff, 78 US gph (65 Imp gph / 295 L/h) at military power in low supercharger, and 122 US
gph (102 Imp gph / 464 L/h) at military power with high supercharger. The water/methanol flow rates
corresponded to 30 percent of the fuel flow at low supercharger and 45 percent of the fuel flow at high
supercharger. The Sabre VII's fuel flow was 284 US gph (235 Imp gph / 1,068 L/h) at takeoff, 287 US
gph (239 Imp gph / 1,087 L/h) at military power in low supercharger, and 289 US gph (241 Imp gph /
1,096 L/h) at military power with high supercharger. At 3,700 rpm and 10.5 psi (.73 bar) of boost, the
Sabre VIl had a normal rating of 2,235 hp (1,667 kW) at 8,500 ft (2,591 m) and 1,975 hp (1,473 kW) at
18,250 ft (5,563 m). Cruise power at 3,250 rpm was 1,750 hp (1,305 kW) at 8,500 ft (2,591 m) for a
fuel consumption of .45 Ib/hp/hr (274 g/kW/h), and 1,600 hp (1,193 kW) at 17,000 ft (5,182 m) for a fuel
consumption of .51 Ib/hp/hr (310 g/kW/h). The engine was 83.0 in (2.11 m) long, 40.0 in (1.02 m) wide,
and 47.2 in (1.20 m) tall. The Sabre VII weighed 2,540 Ib (1,152 kg). Some sources state that a Sabre
VIl engine achieved an output of 4,000 hp (2,983 kW) and was run at 3,750 hp (2,796 kW) for a
prolonged period without issues during testing.

A Sabre VII with its revised supercharger housing that accommodated water/methanol injection. The
injection controller is mounted just above the supercharger housing. The Sabre VII ultimately produced
3,500 hp (2,610 kW) at 3,850 rpm with 20 psi (1.38 bar) of boost. (Napier/NPHT/IMechE image)
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The Sabre VII was intended to power the Hawker Fury Mk 1, of which 200 were ordered in August 1944,
Shifting priorities at the end of the war all but cancelled the aircraft, and only two prototypes were built.
The first prototype (LA610) made its initial Sabre VIlI-powered flight on 3 April 1946. This aircraft would
go on to record a speed of 483 mph (777 km/h) at 18,500 ft (5,639 m) and 422 mph (679 km/h) at sea
level. The Sabre VII was also test-flown on a Tempest V or VI in mid-1946, but additional details have
not been found. This aircraft had the larger radiator and wing root carburetor inlets of the Tempest VI,
but it did not have the additional oil cooler in the wing.

The Sabre VIII carried the Napier designation E122 and was based on the Sabre VII. The engine
incorporated contra-rotating propellers and a two-stage supercharger. Four aftercoolers were to be
installed—one on each induction runner leading from the supercharger housing to the intake manifold
attached to the cylinder bank. Although some sources say the Sabre VIII was built, it appears to have
remained an unbuilt project. The engine was forecasted to have a military rating of 3,350 hp (2,498
kW) and be capable of 25 psi (1.72 bar) of boost.

The Napier Sabre VII engine installed in the nearly-complete Hawker Fury MKk | prototype. The aircraft

and engine combination created a fast and elegant fighter. Note the leading edge wing radiators.
(Napier/NPHT/IMechE image)

Production of the Sabre was halted shortly after the end of World War Il with approximately 5,000
engines produced. Starting in October 1939, Napier worked to establish a shadow factory in Liverpool
to produce Sabre engines. The first engine, a Sabre I, was completed at this factory in February 1942.
The Liverpool site manufactured around 3,500 II, IIA, 1IB, and VA engines, with the remaining 1,500
engines, including all prototypes, coming from Napier's Acton works. With Sabre development at an
end, Napier focused on their next aircraft engine, the two-stroke diesel/turbine compounded Nomad.

A number of engine designs based on the Sabre were considered, but most stayed as projects, and
none progressed beyond cylinder testing. The E109 of 1939 was half of a Sabre, with 12-cylinders and
a single crankshaft. It would have displaced 1,119 cu in (18.34 L). The E113 of 1940 was a fuel-injected,
two-stroke, uniflow, Sabre-type test engine intended for increased engine speed and boost.
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The design concept originated with Harry Ricardo, and a two-cylinder test engine was built in 1942.
Reportedly, the test engine was so loud that people on the street had to cover their ears as they passed
by Napier’s works in Acton. The E120 of 1942 was a 32-cylinder Sabre consisting of four banks of eight
cylinders. It would have displaced 2,985 cu in (48.91 L). The E123 of 1943 was a complete 24-cylinder,
fuel-injected, two-stroke Sabre based on the E113 test engine. It had a forecasted output of 4,000 hp
(2,983 kW) but was never built.

Although the Sabre was proposed for many projects that never left the drawing board and powered a
few prototypes, the engine’s main applications were the 109 Typhoon IAs, 3,208 Typhoon IBs, 801
Tempest Vs, and 142 Tempest VIs produced during World War II. After the initial production difficulties,
which were quite severe, the engine served with distinction. The Sabre could be difficult to start, and it
was advisable to use a remote heater to pre-heat the coolant and oil in cold temperatures. Sleeve
trouble came back with Typhoons stationed around Normandy, France in the summer of 1944. Fine
dust particles from the soil were getting into the engines and causing excessive sleeve wear. A
momentum air filter developed by Napier cured the trouble. The filter was designed and test flown the
same day of its original request, and all the Typhoons in France were fitted with a filter within a week.
Production of the Sabre was an expensive affair, with each horsepower costing four to five times that
of the Rolls-Royce Merlin. However, Typhoons and Tempests played an important role in attacking
German forces on the ground and countering V-1 flying bombs. Around a dozen Sabre engines survive
and are on display in museums or held in private collections. As of 2020, there are no running Sabre
engines, but efforts are underway to create running examples to power Typhoon and Tempest aircraft
under restoration.

General arrangement drawing of the unbuilt Sabre VIII (E122). The engine featured a two-stage
supercharger and contra-rotating propellers. It was forecasted to produce 3,350 hp (2,498 kW).
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