PACKARD V-12 MARINE ENGINE

The Packard 4M-2500 engine was utilized in all U.S. Navy World War 1l PT boats. This engine was based
on the 1925 Liberty aircraft engine which was earlier converted for marine use in racing boats. During the
war the Packard engine went through various performance updates and modifications. With early engines
rated at 1100 h.p. and progressing to 1500 h.p. during the war. The Packard 4M-2500 engine was a
supercharged, water cooled, gasoline powered V-12 engine, weighing approximately 2900 pounds.

The Packard 4M-2500 marine engine was not the Rolls-Royce Merlin, nor did U.S. Navy PT boats use the

Rolls-Royce Merlin engines, which is sometimes misstated. However, Packard did built a version of Merlin
Engine under contract by Britain for British aircraft use.

Packard 4M-2500, Super Charged V-12 Gasoline Marine Engine



The Packard 4M- 2500 - PT Boat Engine

Cylinders: 12 - V angled arrangement

Supercharger: Gear driven - centrifugal

Cooling: Fresh water

Maximum RPM: 2400 rpm, 2000 rpm sustained

Rating: 1200, 1350, or 1500 horsepower depending on year
of manufacturing

Fuel: 100 Octane gasoline

Fuel Consumption Top speed at 40 knots, running three engines, 474

at 40 knots: gallons per hour. Full fuel load (3,000 gallons) 6.3
hours.

Fuel Consumption Maximum sustained speed at 2000 rpm, running

at 40 knots: three engines, 292 gallons per hour. Full fuel load

(3,000 gallons) 10.3 hours, range radius of 259 miles
at 35 knots, 518 miles total.

In June 1940, the British were fighting and dying by the thousands, with the very
survival of their homeland at stake. Waves of German Luftwaffe bombers, with clouds of
fighter escorts, pounded Britain's cities virtually at will, causing horrific civilian casualties with
the goal of breaking the population's will to resist. The Royal Air Force battled heroically in
the skies to blunt the German offensive, but its pilots clearly needed help. The thundering
Rolls-Royce aero engines that powered their fighters were hand-assembled, just like the
company's cars, and couldn't be produced rapidly enough.

With the fate of Britain hanging in the balance-along with its vital future role as a
launching base for the massive Allied counteroffensive against the Nazis-former General
Motors president William S. Knudsen, now in charge of wartime production for the federal
government, called on Henry Ford to build 9,000 of the Rolls-Royce Merlin engines, 6,000 of
which would be shipped on an emergency basis to the RAF. Ford deliberated and eventually
agreed. Knudsen then passed along the thanks of President Franklin D. Roosevelt for Ford's
cooperation.

That was a mistake. Beyond his deeply ingrained isolationism, Ford despised Roosevelt,
the New Deal and organized labor with equal vitriol. He shouted his abrupt refusal to build
any of the engines and ordered the enraged Knudsen off the property.

Ultimately, Ford would play a titanic role in the war effort. But this time, Knudsen took his
contract to build 9,000 engines to the Detroit headquarters of Packard, ranked 14th in sales
among domestic manufacturers, which readily accepted the job. From that modest start,
Packard would eventually produce 55,523 improved versions of the highly complex Merlin
engine on a mass-production basis, which would power a variety of Allied military aircraft.
Not only that, Packard would develop marine engines that would power the U.S. Navy's fleet
of patrol torpedo or PT boats, mainly in the Pacific Theater.



Packard, you see, was a lot more than just Knudsen's Plan B after Ford rejected the
Merlin contract. It had a long record of building aircraft engines that dated back to 1917 and
included the DR-980 engine of 1928, the first diesel-fueled aircraft engine to actually fly.
Moreover, Packard had been building V-12 engines dubbed the Twin Six for its luxury
motorcars since 1932, and both the Merlin and marine engines would share that same
configuration. In 1942, the company was in the hands of George T. Christopher, who had
replaced G.T. Gilman, who had served for a year after Alvan Macauley, Packard president
since 1917, left the post. As he had been since 1912, Col. Jesse Vincent, Packard's vice
president of engineering, was the firm's chief mechanical architect, and was long known
around the plant as "The Master Motor Builder." He would ultimately hold 206 patents for
innovations ranging from spiral bevel drive gears to automotive air conditioning.

"The government came to Packard because it already had such a huge reputation as an
engine builder. Packard had already been building both marine and aero engines, so when
you consider the extent of what the company had done before the war, the government knew
they had that kind of expertise." When all civilian U.S. auto production was halted on
February 9, 1942, what should have been a bright year for Packard came to a close. The
model year's production would total 27,961, but only 6,058 of the company's cars were built
in calendar year 1942. Packard had bowed its new Twentieth Series late the previous
summer, which extended Packard's new "Clipper" styling to all its model lines. The former
110 and 120 series were renamed the Packard Six and Packard Eight, respectively. Also
offered were the Super Eight 160, Darrin-styled convertible and the Super Eight 180 line.
When war production commenced in earnest, its main assembly plant on East Grand
Avenue in Detroit was virtually gutted and retooled to produce the military engines. One
consequence of that changeover involved the dies that were used to fabricate parts for the
pre-1942, and pre-Clipper, Packard Junior and Senior lines. The War Production Board
asked Packard to sell the dies to Germany's erstwhile ally, the Soviet Union, which had
aligned itself with the Allies after Hitler invaded the Motherland in 1941. The rationale was
that the Packard dies would enable Russia to rapidly re-convert to automobile production
after the war. The deal certainly achieved that much: For many post-war years, Politburo
bigwigs-or at least those still breathing after Stalin's murderous purges-tooled around in huge
ZIM and ZIL limousines that looked just like 1941 Packards.

Long before Packard ever assembled one, the Rolls-Royce Merlin was already a certified
superstar among piston-driven aircraft engines. The earliest roots of its development dated
back to the 1920s, but its best-known predecessor was the 22-liter, normally-aspirated Rolls-
Royce Kestrel V-12 of the early 1930s which, once supercharged to 700hp, became known
as the Peregrine, and enjoyed success in the hugely popular Schneider Trophy seaplane
races of the 1930s. Next, Rolls-Royce bolted two Peregrines together into a 1,500hp, X-24
layout and called it the Vulture, intended for use by bombers and other larger aircraft. The
need for an intermediate-sized engine was becoming increasingly obvious, and development
work began in 1935 on a 27-liter V-12, around the same time that the RAF selected the
Supermarine Spitfire and Hawker Hurricane to be its new-generation air-superiority fighters.
The new V-12 proved to be a perfect fit for both their airframes, and the new, supercharged
Rolls-Royce powerplant was named Merlin, after a species of small falcon.

After taking over the Ford-rejected contract, Packard delivered the first stateside Merlin
engine by August 1941. Packard would ultimately produce 23 upgrades or design evolutions
of the Merlin, each more powerful than the last. Unlike virtually all aero engines of the time,
the Merlin used evaporative liquid cooling, which was less than fully reliable in the original
Rolls-Royce design. Once ethylene glycol-based antifreeze from the United States became
available, the Merlin proved reliably cool. As Neal noted, at Rolls-Royce, "the Merlin was
practically hand-built." Quality control was determined, though slow and primitive: Rolls-



Royce engineers would randomly select newly completed Merlins, put them on a test stand
and run them at maximum power until something failed. The broken engine was torn down,
the weak part located and redesigned. The development process was dangerously slow for
an island nation under siege.

As manufactured by Packard, the Merlin was given the designation of V-1650, and by
any measure, it was brutally powerful, increasingly so as 100-octane aviation gasoline
became readily available from U.S. refineries. Weighing 1,650 pounds, the Merlin V-12
displaced 1,649 cubic inches, with a 5.40-inch bore and 6-inch stroke. One important
upgrade was the addition of a two-speed Farman blower drive to its Rolls-Royce centrifugal
supercharger. As fuels continued to improve, the Merlin's compression ratio edged upward,
ultimately to 6:1, and supercharger boost was likewise increased, aided by Packard's
addition of water-alcohol injection. By late in the war, its output approached 1,700hp. What's
more impressive was, that power came from a smaller, more efficient engine than the
German opposition could field. For example, the Daimler-Benz DB 601, an inverted, water-
cooled V-12 that powered the Messerschmitt Bf 109, displaced 2,179 cubic inches, just
under 36 liters. The BMW 801, a 14-cylinder, twin-row radial engine installed in the Focke-
Wulf Fw 190, measured out to a massive 42 liters, or 2,562 cubic inches. The V-1650 Merlin,
as improved by Packard, was so strong that it ultimately replaced the General Motors Allison
V-1710 in the North American P-51 Mustang. Other Merlin derivatives were installed in the
RAF's Avro Lancaster bomber, De Havilland Mosquito fighter-bomber, and the U.S. Army Air
Corps' Curtiss P-40 Warhawk.

Vincent, Packard's lead engineer, brainstormed the assembly-line layout for the Merlin
and ordered specialized tooling, having a good grounding in industrial engineering and plant
design. Next, an army of Packard draftsmen redrew the original Rolls-Royce blueprints with
far greater precision. Packard developed a light-measuring tool that allowed Merlin
component tolerances and clearances to be checked within 1-millionth of an inch. Packard
also employed a practice of freezing critical parts to set their tolerance with no ambient heat
to make the part expand, throwing the calculations off. Ultimately, Packard performed more
than 70,000 inspections on each of the Merlin's 14,000 parts. The company used 80,000
gallons of aviation fuel per day just for testing the engines. Each engine was fully
disassembled and rechecked following the test, then rebuilt for shipping.

"The engineers just took a look at the Rolls-Royce design, made the necessary changes
and redrew them to American tolerances,” Neal said. "After that, the Merlin had no kinds of
massive problems, certainly no more than you would have with any other engine of that
complexity."

Its reputation for premium-quality cars notwithstanding, Packard already had at least 20
years' worth of experience in designing and mass-assembling precision engines for both
aviation and marine applications. It began with the Liberty aircraft engine, built during World
War | in both V-8 and V-12 configurations. Its excellent power-to-weight ratio made it an ideal
choice for use on the water. More than one Roaring Twenties bootlegger was able to outrun
the Coast Guard after making his delivery in some sheltered New Jersey inlet thanks to
Packard Liberty power. The pioneering powerboat racer and builder from the Great Lakes,
Gar Wood, annihilated his competition during the prestigious Gold Cup races in the 1920s
and 1930s, packing Packard power. By 1937, work had begun on designing a relatively light,
fast attack boat. Ultimately, they would be built at the boatworks of Higgins and ELCO; the
Navy's familiarity with Packard's engine work, plus the blazing publicity over Wood's racing
exploits, landed the PT boat engine contract on Packard's doorstep. Like the Merlin aero
engines, the marine engine would be built at Packard's main East Grand Avenue assembly
plant.



Despite the commonplace assumption, the new-generation Packard marine engine,
initially tagged the 4M-2500, was anything but a repopped Liberty. Instead, Vincent started
with a clean sheet and designed a four-stroke, 60-degree V-12 with an aluminum block with
a bore of 6.04 inches and a 6.50-inch stroke, which brought it to 2,490 cubic inches.
Weighing 2,900 pounds, the 4M-2500 had four valves per cylinder, a 6.4:1 compression
ratio, and a centrifugal supercharger with intercooler. A Holley 1685F aircraft carburetor
supplied the fuel, 100-octane gasoline, fired by two spark plugs per cylinder. The first
engines developed 1,200hp, but improved versions with higher boost levels nominally made
1,500hp. Packard built 14,000 marine engines during the war, three of which went into each
of the Navy's 768 PT boats, two astern and one amidships for better service access.

The most common of the plywood-fabricated PT boats, the 80-foot version made by
ELCO (now General Dynamics Electric Boat of Groton, Connecticut, the Navy's primary
designer and builder of nuclear attack and ballistic-missile submarines), displaced 50 tons
when armed. With up to 4,500hp on tap, the three Packard engines could guzzle a combined
500 gallons of fuel per hour when maintaining a top speed of 42 knots, or just under 50 mph.
The speed and maneuverability made the PTs ideal for hit-and-run night attacks on
Japanese merchantmen or warships.

Given the crash nature of the war effort, Packard was enlisted to provide some visceral
assistance to other automakers working on military materiel. For example, the lavishly
landscaped Packard Proving Grounds in Utica, Michigan, with its 2.5-mile banked speedway
and Albert Kahn-designed buildings, was turned into a tank testing facility that was widely
used by other manufacturers, most notably Chrysler. By 1945, Packard was actively involved
in the development of jet engines, starting with the experimental XJ41 turbojet first tested in
1946. By 1952, Packard had received an Air Force contract to build 3,025 General Electric
J47 jet engines under license.

For all Packard's distinction as a war contractor, its core business of building cars was
bleeding after the war. With a Clipper-based lineup, Packard sales dropped to half of pre-war
levels by 1947. All-new styling elevated 1948 sales by 88 percent with more than 98,000
cars built, but the following year, Packard's 50th anniversary, more than 500 dealers gave up
their franchises, Christopher resigned, and sales fell to less than 64,000 units. Sales
continued to languish into the '50s, and in late 1954, Packard desperately merged with
Studebaker, which was drowning in debt, a forced marriage that ended calamitously.

"You would think that their reputation of building engines during the war would have stood
them in good stead later, but it didn't happen,” Neal mused. "They certainly played on it all
they could at Packard, but it wasn't enough to save the company."



