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ABSTRACT

The purposes of this study were to trace the enwludf the North American P-51
Mustang as an escort fighter in World War Two sménumerate the reasons why it played
a leading role in the extension of the Americaatsigic bombing campaign into Germany
and the ultimate defeat of the German Luftwaffe.

The Mustang prototype was built in 1940 in respgatiosa British request for a fighter
to help repel German invaders. The original moglyered by an Allison engine and three-
bladed propeller, was fast and maneuverable atlowdes, but its performance deteriorated
rapidly at altitudes above 12,000 feet. In an eixpent to improve its high-altitude
performance, the British installed a Rolls RoycerlMeengine in the Mustang, and the
resulting high altitude performance of the airplaves exceptional. However, at that time
neither the British nor the Americans opted to par&irther development and production of
the airplane.

After America entered the war following the Jamsnattack on Pearl Harbor in 1941,
the Allied powers agreed that the main war effadudd be to "Defeat Germany First." A
principal aspect of the war plan was a daylighdtstyic bombing campaign against German
forces in Continental Europe by American bombédrse bombing campaign from bases in
England began in July of 1942. As the program pmreged and targets were attacked that
were beyond the range of escorting Allied fightérbecame apparent that the bombers

could not adequately defend themselves againshdiefg German fighters. A desperate



effort was made to develop a high-performance édigiter that could accompany the
bombers to all targets of interest. The Merlin-poydeMustang with a four-bladed propeller
proved to be that airplane.

This thesis discusses the technical reasons veniitistang was a superior escort and
air combat fighter. The energy maneuverabilitylgsia is used to explain how the fighter
gained an air combat advantage over the principfiilaffe fighter aircraft. The roles of
bomber escort doctrine, pilot training and aircpatiduction in bringing the Mustang into its

position of superiority are also indicated.
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CHAPTER 1

INTRODUCTION

When Japanese bombs fell on Pearl Harbor in Deeenfl1941, ushering the United
States into World War Two, the war had already begng in Europe for over two years.
Within three days after the attack, both Germary lgaly, as partners with Japan in the-Tri
partite Pact, also declared war against America. Ailmerican military had been expecting a
confrontation with the Japanese in the Pacific,rfmw the instant loss of most of the Pacific
battle fleet left them with severely weakened fgrcénitially, much confusion reigned, but
after a period of resource and threat assessméhinvthe American government and by
leaders of other Allied nations, a plan for retatia was formulated. Though the Japanese
attack produced an outcry from the American pufdican immediate military response to
the Japanese treachery, the leaders of the Alliedes opposing Axis aggression
unanimously adopted a policy to "Defeat Germarst.f Great Britain had, with courage,
fortitude and sacrifice, thwarted a German invastiempt in the Fall of 1940, and it now
stood as a potential staging area for militaryactagainst the German military colossus.
However, German forces were far too strong to allawcross-channel invasion until
America's manpower and industrial might could beught to bear. America had been
surreptitiously involved in the European war aga@srmany, almost from the start; it had
provided Great Britain with supplies and the impdgits of war. Now it became a full
partner in the war effort.

The Royal Air Force had begun operations agairestr@an forces on September 4,
1939. Early bombing operations were confined pritpao shipping and coastal military

targets. It did not actually bomb Germany itselfiludugust of 1940, and that raid on Berlin



was in retaliation for a German bombing of Londdfinding daylight attacks too costly, the
RAF quickly opted to pursue the air war with nigimie raids. The inaccuracies inherent in
bombing at night led British Chief of Air Staff Cthes Portal to suggest that "area" bombing,
rather than bombing a specific target, would beeHiactive way of ensuring that at least
some of the bombs dropped would hit a critical eéargThis policy was not followed in
totality, however, until 23 February 1942, when Ahief Marshal Sir Arthur Harris was
appointed Director of Bomber Command. Harris irglsbn a doctrine of "area bombing"
that emphasized saturation bombing of populateasai@nd he proceeded to launch frequent
raids on industrial and strategic centers on theti@ent?

The official American Army Air Force presence ihet European war began in
February of 1942 with the arrival in England ofaie of officers led by Brigadier General
Ira Eaker, commander of Eighth Bomber Command apédsaionate supporter of precision
daylight bombing. Eaker was charged with spearimggatiie organization of an American air
campaign against Germany. Ultimately, the EighthFarce, commanded by Major General
Carl Spaatz, began operations against "Fortresspielion 17 August 1942, with a twelve-
plane raid against railroad marshaling yards ateRpErancé.

From the outset of America's air war in Europe theted States Army Air Force
(USAAF) pursued a program of daylight precision Ibamg. The Air Force leadership was
confident that the Norden bombsight promised tlwigxcy required to place bombs dropped
from high altitude on the target without endanggrihe civilian population. Furthermore,
they felt that in a carefully designed flying foriaa that could provide covering fields of
defensive firepower, the Boeing B-17 Flying Forsrearmed with ten .50 caliber machine

guns, could survive in the hostile European sk&agn on missions beyond the range of



escort fighteré. They learned the hard way that their suppositioese wrong. First, the
illusion of accuracy was put to rest, primarily fogquent cloud cover that prevented visual
acquisition of the target and, even in clear waathye ground-based defensive fire that upset
accuracy. Then the illusion of all-encompassinfenigve fire collapsed under a hail of
cannon and machine gun fire from hordes of fastraadeuverable German fighters.

As the war progressed the American bombers radgeger into the Continent, and
eventually into Germany itself. However, targetthw the boundaries of Germany were
beyond the range of escort fighters, and bombesetoso the German defenses mounted
steadily. In July of 1943, in a coordinated raid $chweinfurt and Regensburg, sixty
Fortresses fell to the German guns. Then, theviatig October 14th, on a raid that was later
to be labeledlack Thursdayanother sixty bombers went down, forcing the Ansers to
curtail missions deep into GermahyDuring that time the USAAF had been using Amarica
P-38 Lockheed Lightnings and P-47 Republic Thunolkéstas escort fighters. Though both
of these aircraft had better range than the Britisht-line fighters, the Hawker Hurricane
and the Supermarine Spitfire, and they had gool hlgtude performance, they still were
unable to provide escort support to the border&efmany. Thus, though the American
bombers continued the bombing campaign on the Gemii targets deep in Germany
became virtually off limits until a long-range escfighter could be developed.

Another American fighter aircraft, the North Anean P-51 Mustang, entered service
with the RAF as a reconnaissance fighter just &#taerica entered the war. Subsequently,
it was pressed into service by the USAAF in Afribaa ground attack role as the A-36,
where it was briefly given the name, Apache. It wesponsive and fast, and its internal fuel

capacity gave it a better range than the otheedlfighters, but its performance deteriorated



drastically at high altitude, the environment of ttomber stream, making it unsuitable as an
escort fighter. However, in the Fall of 1942, RdRoyce test pilot Ronald Harker, noting
the good qualities of the Mustang and being intefyafamiliar with the excellent high
altitude performance of the Spitfire, suggested titia Allison engine in the P-51 be replaced
with the Spitfire engine, the Rolls-Royce MeflinThe USAAF allocated two aircraft for the
experiment. Extensive flight tests confirmed tlnt Merlin-powered Mustang was a superior
airplane with outstanding high altitude performancRedesign to accommodate the new
engine was immediately performed, and by Novemlbet943 the re-engined fighter was
being mass-produced and a squadron was in traioingpmbat with the "new" machine.

In the same time frame the USAAF experimented witernal auxiliary fuel tanks
that could be employed to extend the range of déghircraft. Ultimately, a suitable 108-
gallon tank was designed and fitted to all escocraft. This addition to the P-51 increased
its combat range to well over 700 miles, sufficiemtallow the fighter to accompany the
bombers to all targets in GermahyThis capability not only guaranteed the resunmptié
the Allied air attack on Germany's war industribst it also proved to be the necessary
instrument for victory in the air war.

The formula for Allied victory in the air war ovdturope wasalmost complete.
However, it was necessary for four critical aresamparison to weigh in the Allies favor
in order for final victory in the air to be achiekeFirst, an attack doctrine would need to be
in place that would give the Allied forces an adege. Second, Allied aircrews in sufficient
numbers would need to be trained in tactics thauldvaake full advantage of the
performance potential of the aircraft they flewcomparison with their German adversaries.

Third, the industrial might of the Allies would reeéo supply enough airplanes and crew to



ensure numerical superiority over the enemy. IFindhe aircraft itself must have
performance capabilities that exceed those of tleeng aircraft. Any deficiency in any one
of these areas would have to be compensated fexdsllence in the others.

The objective of this thesis is to demonstrate klmevNorth American P-51 Mustang
played a decisive role in implementing favorablgotation of these four conditions in favor
of the Allied forces. The first three areas ofmparison can be qualitatively determined
from the organizational and operational recordshef opposing air forces, although the
comparisons will be subjective and open to sonmerpmetation. The fourth area focuses on
the comparison of airplane combat performance Her dpposing air forces. Though this
comparison is necessarily based on detailed aspéetiscraft engineering, the comparison
of the performance of competing airplanes is adckesdy analytical methods that can be
graphically displayed in a way that can easily bdarstood by the layman. One method of
evaluating airplane performance capabilities i©uigh theenergy-maneuverabilityE-M)
analysi€® Such an analysis makes use of graphs of turritgywersus airspeed and altitude
versus airspeed to map the combat performance ape/@f an aircraft. By overlaying the
performance envelope of one aircraft on that otla& regions of aircraft superiority can be
determined. In this way successful combat strategan be identified and an assessment of
the requirements for probable combat success camdae. It is proposed in the present
work to compare the E-M graphs for the principambat fighter aircraft in the Allied and
Luftwaffe inventories to show probable combat outes. The discussion will necessarily
include speculative comments on the influence &dtgdraining on these outcomes. The
analysis will be supported where possible with adé combat attrition statistics for both

Allied and German forces. Throughout most of 184y the P-51 was capable of ranging



deep into Germany. However, following the invasidrrrance in June of 1944, bases on the
Continent became available, and as the confliceveor and bases closer to Germany became
available, another Allied fighter, the Republic fderbolt, became a major player in the
skies over Germany. For this reason the performanfhthe P-47 will be included with the P-
51 in the analysis. The German fighters considemredthe Messerschmitt 109G and the
Focke-Wulf 190, the mainstays of the Luftwaffe tigh corps. Other fighter aircraft
certainly participated in air combat over Germamyt, they played a lesser role than the four
aircraft just mentioned. The Lockheed P-38 waalaa participant for the Americans, but it
was plagued with engine problems that limited gsviee in the cold, damp climate of
Western Europe. For the Germans, the MesserdchfiX and Junkers 88 aircraft were
present in large numbers, but they were thorougbtglassed by the American fighters. The
Tank 152a and the Messerschmitt 262 jet fighteewsghly competitive with the Americans
(the 262 was the outstanding fighter aircraft of thar), but they were available in such
small numbers that they didn't present a significdostacle for the American fighters

In order to put these developments in proper getsge with respect to America's
involvement in World War Two, this narrative begiwgh a brief survey of American air
power developments leading up to America's entty the war. This is followed by the
evolution of the strategic bombing program in Ewgading up to the introduction of the
P-51 as an escort fighter. A description of theettgpment of the P-51 to undertake the
escort fighter role is followed by the discussidrttee four conditions mentioned above and
why the American air force was able to achieveupper hand over the Luftwaffe in each

area of contention.



CHAPTER 2

THE EARLY AMERICAN BOMBING CAMPAIGN IN EUROPE

America was unprepared for war; particularly a waooth Europe and Asia.
However, America's potential for producing and miagrhe implements of war, long
sought after by the British as the German threaticoed to grow, was almost limitless.
Now that the battle was joined, it was imperativat this potential be used to its fullest
advantage. A careful assessment of the Axis mylitareat by Allied strategists convinced
them that, because of its manpower, material actthtdogical resources and its
geographical position, Germany was a far strongeesary and more immediate danger to
national security than was Japan. As 1942 bggannany was firmly positioned on the
European Continent, making advances in Africa &aneatening Russia across a broad front
to the east. The Italians exhibited potentialtamii strength in support of the Germans in the
Mediterranean and in Africa. England's position was precarious. An Alliedasion of
what had becomEestung Europavas out of the question at this juncture. The rdsse
guestion that had to be answered was: "How dé\lied powers make inroads into the
Axis stronghold?"

Shortly after the end of World War | the role bétairplane in warfare was under
debate in America. While most of the military leeship viewed the airplane strictly as a
reconnaissance tool, others had a broader vietg application to warfare. The most vocal
of these air power proponents was General Billychgil. In 1921 he demonstrated the
effectiveness of the airplane as an offensive weayten he led a flight of bombers to sink
the retired German battleship Ostfriesland thed anchored seventy miles off the Atlantic

coast. The publicity from this stunt and subsetja@mmated exchanges between Mitchell



and the military leadership ultimately led to comdrtial proceedings in which Mitchell was

cited for insubordination and conduct contraryhte preservation of good order and military

discipline . He was ultimately convicted, and égred from the military, though he
continued to promote military aviation as a necgssafeguard for the nation. Among the

Army men who testified on Mitchell's behalf werel@wel Henry H. "Hap" Arnold, Major

Carl "Tooey" Spaatz and Major Ira Eaker, men wigoe destined to become leaders in the

ascendancy of the air force as a front line mifitanit.*°

During the 1930's in America the debate over theeof air power in modern

warfare became more heated. The Air Corps Tacsichbol had been established in 1920 at

Langley Field in Virginia to provide a forum forsgussion of air power issues. However, it

was not until the early 1930's that its staff, urithe leadership of Commandant Colonel

John Curry, broadened the scope of the Air Corpsion to consider strategic objectives.

Drawing on the ideas of Billy Mitchell in Americ&iulio Douhet in Italy and Liddell Hart in

Great Britain, the school staff laid out the basinciples and doctrine of modern strategic

air warfare. They were expounded in five gendtkesnents:

(1) In a modern society there are certain fundaalemtustrial and economic systems on
which the war-making capability and social stapitif a nation depend. Disruption or
stagnation of these systems paralyzes the cayadnild desire of a nation to fight.

(2) These systems have inherently weak pointscdmrabe exploited through aerial
bombardment, and current bombardment technologyffgiently advanced to permit
accurate placement of bombs on specific targets.

(3) Itis possible for massed air forces to penfeuch bombardment missions with

acceptable losses and still destroy seldetggts.



(4) Selection of appropriate targets and their sgbent destruction by aerial bombardment
can fatally weaken the enemy such that victorylmaachieved through air power.

(5) In the event that victory cannot be achievddlgdy targeting military objectives, then,
as a last resort, air power must be applied tdtmebardment of cities with the intent to
fatally weaken the will of the populace to congrthe war'!

The remainder of the decade was devoted to devegjdpe organization and equipment

essential to carrying out this mission, shouldeitréquired.

In 1938 Major General Hap Arnold was named Chighe Army Air Corps, and he
accelerated his efforts to have the Air Corps @kequal status with the Army and the Navy
in America's military future. His principal subamdtes in this effort were the
aforementioned "no-nonsense, get the job done'aBréy General Carl Spaatz and the
diplomatic, "smooth as silk", Colonel Ira Eakér.The German invasion of Poland in
September of 1939 propelled Europe into a fullessear and precipitated in the United
States a movement to formulate war plans of its mwthe event that the war would escalate
to include America. (Of course, neighboring Cand#ang an integral part of the British
Empire, was automatically drawn into the conflictte outset.) At the forefront of the war
planning brain trust for the Air Corps were thenteaf Lt. Col. Harold L. George and Majors
Haywood S. Hansell, Jr., Laurence S. Kuter and K8nN. Walker who drafted the Air War
Plans Division - 1 document, the blueprint for &ieCorps role in the defense of the
United States, protection of Pacific interests affdnsive action against Germatfy.

General Arnold presented this document to Presileamklin Roosevelt in September of

1941. The specific primary objectives for theddfensive against Germany were to:

*The U. S. Army Air Corps became the U. S. Army Rarce on June 20, 1941.



(1) Destroy and disrupt the German electric andsjrartation systems and the petroleum
industry, and (2) Undermine the morale of the Gereidzenry. A secondary objective was
to neutralize the Luftwaffe. Thus, when Americaswarust into the war some three months
later, the air plan was already in place, and Gdnéarnold and his staff set about to put it
into motion. The unique feature of the plan wea it was based on the premise that a
daylight bombing campaign could be carried outatiéely and with acceptable losses. The
British initially attempted such a tactic earlytive war, but mounting aircrew losses at the
hands of the German defenses convinced them thatinder the cover of darkness could a
bombing campaign succeed. The Americans basadoieion that daylight bombing

would succeed on the defensive firepower of therB-l/ing Fortress and on their bomber
formation design that ensured overlapping fieldfreffor defensive armament. The
Fortress had four Wright Cyclone engines, eachlotlvwas rated at 1,200 horsepower.
The bomber could carry a 6,000 pound payload owemabat radius of 1,000 miles at a
cruise speed of 215 mph and altitude of over 30{660Q and it initially had ten 0.50 calibre
machine guns as defensive armament. Figure 2.#limyaam showing the positions and
fields of fire of the machine guns mounted on the#7B° The Air Force strategists designed
an airplane formation that optimized the effecteenof this defensive armament. Figure
2.2 shows the positioning of aircraft for a bomgesup (a fully manned group initially
consisted of three squadrons with six aircraftgegradron). As can be seen from the figure,
each group was positioned with high, middle and $onwadrons. There was roughly a 300
foot separation in altitude between the squadratistive lead squadron being positioned in

the middle of the group. The groups were corresipghy positioned for large formations

10



Figure 2.1 Defensive Fields of Fire for the B-1Yifgd Fortress (Ref. 13)
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into a wing, usually three groups to a wing ane¢hwings to a divisiolf: The size of
attacking formations increased as the war continaed eventually, one division followed
another, in train, to the target. In some casewgelrer, groups or divisions followed
disparate paths to the target in an attempt tcedispthe Luftwaffe opposition.

The Eighth Bomber Command, destined to becomédbkbone of the American
assault on Nazi Germany, was activated at Langkelg Fvirginia, on 1 February 1942, with
Brigadier General Ira Eaker commanding. Three wéater, Eaker went to Great Britain
with six staff officers and ultimately establishieid headquarters in Wycombe Abbey, High
Wycombe, about thirty miles northwest of Londoratér, in the Spring of 1942, Hap Arnold
made additional command assignments. In Aprihd®ed Brigadier General Frank O'D.
Hunter commander of Eighth Fighter Command anallfmin May, he chose Major
General Carl Spaatz to command the entire Eightlirdice™

In the United States during the Spring, the Airdédbegan assembling aircraft and
crews for transfer to Great Britain. By June, sight elements of the 97th Bombardment
Group had made the trans-Atlantic flight to EnglaradGreenland and Iceland to commence
training for missions against Occupied Eur6pi preparation for their first combat, the
group practiced intensely for six weeks on suchlil@mentals as formation flying,
navigation, gunnery and bombing before they weeal ready for action. Finally, on
17 August 1942, with Commanding General Ira Eakeaead a bomber appropriately named
Yankee Doodlea flight of twelve Flying Fortresses embarkedtlos first American bombing
mission against Occupied Europe. The bomberstestby four squadrons of British

Spitfire fighters, bombed the railroad marshalling yardh@aRouen-Sotteville region of

* Initially, a bomber group consisted of 18 aircradtsquadrons, 6 aircraft to a squadron. Laténénwar, the
bomber group was expanded to 48 aircraft. Fighteups normally were made up of from 52 to 56raitc
with 12 to 15 aircraft to a squadron and feguadrons to a group.
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France, located about 50 miles east of the copstabf Le Havre. The moderate damage
inflicted on the target, disruption of traffic oentrail lines and destruction of some rolling
stock and several buildings, was hailed by Eaker gieat success that demonstrated the
potential of daylight bombing to inflict damage the resources of the enemy. There were
no American losses, but a B-17 gunner, Sgt. Ke/Bst, shot down a German fighter to
claim the first victory over the Luftwaffe for andghth Air Force bomber crewman. An
interesting sidelight to the mission is that onéhef bombers was piloted by Major Paul
Tibbets who, almost three years later, would ghetEnola Gayon its mission to drop the
first atomic bomb on Hiroshim4.

In October, another long range strategic bombex adaled to the combat inventory
of the Eighth Air Force: the Consolidated B-24 lrdter . Four Pratt and Whitney Wasp
engines, each producing 1200 horsepower, droveiltieeator at a cruise speed of 200 mph
at an altitude of 25,000 feet. The plane couldycampayload of 8,800 pounds over a combat
range of 1,400 miles. It carried ten 0.50 calilpachine guns, and its defensive firing
patterns were similar to those of the B-17. Aswiite B-17, the first models to go into
combat had only a single gun in the nose. Thouffsi flew in 1939, developmental
problems beset the Liberator, delaying its compaearance in Western Europe until
October of 1942.

During the Fall of 1942, two conditions prevailbdt delayed the growth of the
bombing campaign against Nazi-held Europe. Hingtpbomber production programs took
awhile to ramp up to their full potential becauatesiite aircraft fabrication plants had to be

constructed, staffed and tooled to supplement the Boeing B-17#lying Fortressplant in
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Seattle and the San Diego plant for the LiberatoSecond, at the Arcadia Conference in
Washington in late December of 1941, President Raglsstrongly supported Prime
Minister Churchill's suggestion that the U. S. efffe military landing in North Africa to get
American ground troops involved in the war agatBetmany and Italy and to put some
pressure on the German military effort in Afric&trong Air Force support was required for
this campaign, and, at least temporarily, the Airdé effort in North Africa took precedence
over an aerial campaign against Occupied Europe.

Nevertheless, the Eighth Air Force bombing camp&igm England against
Occupied Europe did continue in 1942, albeit omalkscale. In fact, for the entire year
only 793 sortie5on 25 missions were flown by Eighth Air Force Bdrtd B-24 strategic
bombers. The largest raid for the year was caoigdagainst Lille on 9 October by a total of
79 B-17 and B-24 bombers. For the year, the Eigdghforty aircraft shot down by enemy
action (ground-based anti-aircraft artillery ortfigr opposition), with 29 airmen being killed,
130 wounded and 291 missing in action. During Haee period the Eighth Air Force
gradually grew in size so that by 1 January 19#htdomber groups and two fighter groups
were regularly attacking German installations irc@uied Western Europé.

From the beginning, America's strategic air waaiast Germany was directed
against military targets and against those indestaind that infrastructure that helped to

maintain the enemy war machine. Particularly ea¢bmpaign against the occupied

* Ultimately, B-17s were built in Seattle, Burbaakd Long Beach, and B-24s were built in San Diego
Willow Run (near Detroit), Fort Worth, Dallasd Tulsa.

" A sortie is a bomber that attacks the target.ofber that aborts a mission at any time prioatget
contact is not counted as a sortie.
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countries, care was taken to avoid civilian cagemtind to minimize damage to areas around
the targets.

Throughout 1942 and into early 1943, the bombé&teeEighth flew missions
primarily into France and the Low Countries agastspyards, railroad centers, aircraft
maintenance facilities and storage depots as welbainst actual military facilities such as
airfields, submarine bases, unit headquarters anmadks. For these early missions the
bombers were escorted by Supermarine Spitfiresrflowstly by American pilots.
American-built Lockheed P-38 Lightning fighters p@pated in reconnaissance flights
along the English Channel beginning in August of2.9n fact, a Lightning pilot achieved
the first kill of a German aircraft in an Americamilt airplane on August 14th). The P-38
was a twin engine, twin tailed fighter with foursgmounted machine guns and a cannon,
and it could fly at 390 mph with a range in exces850 miles. It was also the first fighter
designed and built in America to participate inwe in Europe. Beginning in August of
1942, P-38s participated in defensive patrols attiegenglish Channel and in fighter
offensive sweeps (calleddeog over the coastal regions of the Continent seekomgbat
with German fighters. On the 2nd of October Ligihdgis participated as escorts for the first
time for a major raid on Meaulte in northern Frané®wever, near the end of that month,
all P-38s were withdrawn from escort service inlangd and sent to the Mediterranean with
the Twelfth Air Force to support the Allied landsgn North Africa. This was done not only
to take advantage of the Lightning's long rangebdipes and to show an American-made
air presence in the African campaign, but also beedhe Lightning performed very well in
the warm dry heat of the desert while its enginesawnreliable in the damp, cold climate of

England, resulting in a high abort rate. Theymbd fly with the Eighth again until
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November of 1943. With the departure of the Ligigs, the notoriously short-ranged
Spitfire once again took on all bomber escort dukie the Eighth Air Force. At this
juncture, by initiating missions for the bomberatthtretched beyond the range of their
escorts, the American air leaders put to the testheory that the bombers could defend
themselves in the hostile skies defended by thénaffe.

Initially, the unescorted forays were tentativastly because the strength of the
bomber force had been depleted by the demandseria@gn Torch, the Allied invasion of
North Africa, and partly because the commandergedato extend the combat range
gradually to give the crews an opportunity to gaiperience in close formation flying and in
applying interlocking fields of defensive fir&ighth Air Force strategic bomber losses for
1942 totaled forty aircraft; the deadliest singlission (eleven bombers were lost)
surprisingly occurred over Rouen which, at 150 sjileas still within the combat range of
the Spitfire escorting fighters. Nevertheless, such losses weceptable in the overall
scheme of the air war.

As 1943 began, the battle lines for the air waNmstern Europe were drawn. The
Allies sent increasingly larger formations of B-Bf&l B-24s across the English Channel and
deep into France and the Low Countries on misgiomgeaken the Nazi military machine
and to weaken the resolve of the Germans to cantimeiwar. The limited ranged Spitfire
escorts could provide protection only for coashayéts. Beyond their escort range, the
German fighter squadrons waited to pounce on thableos in the air, and the deadly 88 mm
anti-aircraft artillery that ringed the German adkitions awaited the arrival of the bombers

over the target. The principal German fightersest@e Messerschmitt 109 and the Focke
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Wulf 190. The ME 109G was a formidable opponerthwaitop speed of 395 mph, a service
ceiling of 39,300 feet and armament consistingwaf inachine guns and one 20 mm cannon.
The predominant model of the Focke Wulf aircrafg EW 190A6, was rated at 400 mph and
35,000 feet, and it mounted two machine guns anddannons. Two other aircraft, the
Junkers 88 and the Messerschmitt 110 were effeagagnst the unescorted bombers by
lobbing unguided missiles at them while outsiderdrgge of their defensive fire. They were
too slow to effectively challenge the bombers wditect attacks™

In early January of 1943 the American strategimbimg campaign was in jeopardy
... hot from the Germans, but from Winston Churcduitl most of his RAF commanders.
The Americans had been in the air war for over foanths and had yet to make a
significant contribution to the strategic war. WiEngland's lifeline to America in peril from
the U-boat threat, the English leaders desperataiyed American bombers to devote their
efforts toward defeating the underwater raideastheir construction sites, at their bases of
operation and at sea. However, the Americanstetsithat they be allowed to continue
what they had started, and they had two allieeenupper echelons of the British military
structure: Air Vice-Marshal John Slessor, asststaref of air staff, and Sir Archibald S. M.
Sinclair, secretary of state for air. They cawtiiChurchill and the RAF leadership not to
be too harsh with the Americans in the early gdasg they decide to devote more of their
resources to the Pacific war if their strategiog in Western Europe were curtailed.
Desperately, General Eaker presented the Amer@&se, ©one on one, to Mr. Churchill
himself, and he was sufficiently convincing to g@hurchill's support for the American

strategic program. A few days later, at a confeeent Allied leaders at Casablanca

* Published performance data vary for these airclRépresentative nominal values are used in aesalys
follow.
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(including both Churchill and Roosevelt), the Conda Chiefs of Staff of the Allied forces
announced the creation of the Combined Bomber Giffenaround-the-clock bombing of
German installations by American and British aircks, the British at night and the
Americans during the daylight hours. Priority etggwere listed as submarine construction
sites, the aircraft industry, transportation adgoiduction facilities™

Throughout 1942 the Nazi U-boats had been wredkanvgc with the seaborne
supply lines from America to England, and Ameristnategic bombers had taken on a
tactical role to repeatedly hit the U-boat baseStalNazair, Brest and Lorient on the west
coast of France. However, they had little effactlee hardened concrete pens from which
the subs operated. It appeared that the submavmelsl have to be attacked where they
were built. Thus, since the strategic role of Ameerican bombers had been confirmed at
Casablanca, Air Force planners chose as the tfangete Eighth's first foray into the skies
over Germany itself the shipyards and naval baséties at Wilhelmshaven on the North
Sea. On 27 January 1943 a formation of fifty-fid 7s and B-24s of the 306th Bomb
Group, commanded by General Frank Armstrong, choig the attack. The Germans were
caught by surprise and put up very light oppositmthe raid. Only three bombers were shot
down, but three crewmen in the returning bombenewkéled and forty three men were
wounded. Unfortunately, bombing accuracy on thgsimn was poor because of cloud
cover, and little damage was done. However, thequtent had been set, and from that time
on, targets in the German homeland appeared watkasing regularity on the raid
schedulée?!

Early in 1943 an aircraft was added to the Americaventory that would initially

provide extended protection for the strategic barmla@d later prove to be the premier
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ground attack aircraft of the tactical air fordee Republic P-4Thunderbolt First flown in

May of 1941, it was a seven ton behemoth, the &rfighter in the world at the time, that

was powered by a 2000 hp super-charged Pratt arish&ylDouble Wasp 2800 engine and

had a top speed in excess of 400 mph. With angedlf 40,000 feet, armament consisting of

eight 0.50 caliber machine guns and a very higk dpeed, the Thunderbolt was a very

effective escort fighter. However, the aircraft higdfair share of teething problems, and it

was not until 8 April of 1943 that the "Jug", asvis nicknamed, participated in its first

escort mission with the Eighth Air Force. The @ftinitially had a combat range of only

175 miles, just 20 percent more than that of th#fify but that range was doubled by July

with the installation of a 75-gallon external ft@hk, as illustrated in Figure 2%3.
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Throughout the Spring of 1943 Eighth Air Force bensipushed the boundaries of their
strategic efforts deeper into Germany. On 17 |Apa Americans mounted their first 100-
plane raid when 107 B-17s attacked Bremen somer888 east of London. By this time
the German fighter forces had perfected their aatetr and attack techniques. Once the track
of the bombers had been determined by ground-basked installations, the fighter forces
were staged at bases positioned along the tralskn,Tas soon as the American Thunderbolt
escort turned for home when the bombers were dladfwray to the target, the Germans
pressed home their attacks. They favored a headtack in groups of from six to ten
aircraft to take advantage of the weak defensiedffered from the nose of the bombers.
The fighters that attacked the bombers as theyoagped and left the target area and the
anti-aircraft barrage inflicted while the bombersreson their actual bombing run took the
heaviest toll of American bombers to date ... sixteembers shot down and thirty nine
heavily damageé® But worse was yet to come.

For the next three months the Eighth mounted alm@90 sorties over Western
Europe with a loss rate of just under 6 percentthat time the size of the raids expanded
such that in some cases over 300 bombers werevetolAt the same time, the range of the
P-47 escorts improved to about 375 miles with thditeon of 108 gallon external fuel tanks.
By the late summer of 1943 the Combined Bomberr@ftee was in full swing and
submarine construction and transportation targadsdeen given a work-over, The time had
come to mount a significant effort against theraiftcindustry deep within Germany itself.
The targets selected were the ball bearing plagthtveinfurt, almost 400 miles from
England, and the Messerschmitt ME 109 plant at Remgag, eighty miles farther into

Germany The path to these targets was lined @diman fighter bases, but the risk was
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worth the effort since it was estimated that detion of the production capability of these
plants would account for thirty percent of Germay09 production and put a severe setback
on production of the vast array of the war-makirechinery that used ball bearings. In fact,
it was even hinted that a successful raid couldteshdhe war by six months. The two
attacking forces were to cross the Channel togethéithen take different paths to their
respective targets, hopefully confusing the defegdierman fighter forces in the process.
The Regensburg group was to continue on to Nontlt@fafter the attack since it had to
travel considerably farther to the target thandtieer group, and the Schweinfurt group was
to return to England. The morning of the schedaliédck, 17 August 1943, exactly one year
after that tentative first raid on Rouen, greetedldssembled bombers with thick fog.
Nevertheless, the 150 plane bomber group boungdgensburg, having been pushed
through extensive blind flying training by its tdugommander, Col. Curtis LeMay, lifted

into the sky on the way to its target on sched@eneral Robert. Anderson, the commander
of the second group, elected to wait out the fdgrgesending his 250 bombers on their way
to Schweinfurt. The delay allowed German fightéig attacked the first group to refuel and
rearm in time to be waiting for the second groBy.this period of the war, the German
fighter forces had fine-tuned their attack tactigainst the bombers. While the speedy ME
109 and FW 190 single engine fighters pressed hlbaiehead-on attacks, the slower twin-
engine ME 110s lobbed rockets into the bomber strieam just outside the range of
defensive fire and the Junkers 88 medium fightenibers dropped bombs from above. The
results of these attacks and those from groundebaise-aircraft artillery were devastating.
Sixty bombers and their crews, almost twenty pdroéthe force that actually made it to

Germany, had been blasted out of the sky! Intaahdiabout one hundred and fifty of the
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bombers that did make it back to base sufferediebddimage, and eleven of those had to be
scrapped. The bombing results at Regensburg exerdlent, the Messerschmitt facilities
being so heavily damaged that the Germans acceteagprogram to disperse their
manufacture and assembly facilities. Schweinfixe@ring works fared much better,
suffering only limited damage that left productirtually unaffected. Though there was no
doubt that the German war machine was hurt byadluksrthe cost to the American forces
was crippling. Post-mission analysis blamed tlgg losses on the lack of coordination
caused by the weather delay and the exceptiornalindis traveled on the mission resulting in
the bombers' flying unescorted by fighters for aieeded time in airspace saturated with
hordes of tenacious enemy fightéts.

The German attacking forces did not escape frasetlaerial confrontations
unscathed. A few attacking German fighters fedlypto American escort fighters, though
they usually delayed their attacks until the Amamie turned for home at the German border.
However, each American bomber had ten 0.50 cafitzarhine guns that could be brought to
bear on the attacking fighters, and they gave & gaoount of themselves. Throughout the
summer of 1943 the American defenses were abladokdown over 17 percent of the
attacking Luftwaffe fighter force, and on this massthey conformed to the norm. Since the
combat was taking place over Axis-controlled tersit however, some of the downed
Luftwaffe pilots were able to return to combat nog order.

The shock of the Regensburg-Schweinfurt missisonated through the USAAF
high command. A loss rate of almost 20 percethefattacking bomber force could not
long be tolerated. An urgent call was issued éodinframe industry to accelerate design and

construction programs for an escort fighter thatld@ccompany the bomber stream all the
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way to targets in Germany and back to England. cEflevould be answered before the end
of the year, but in the meantime, the Air Forcesbrapted to continue what they had started.
Following a six week period of short range missioosfined to locales in France, the Low
Countries and near the western border of Germanghwallowed for fighter escort for most
of the missions, the generals decided to try massions deeper into Germany. Forty five
bombers were shot down at Stuttgart in early SeljpeemThen, over six days in mid-
October, 178 bombers fell to the fierce Luftwaffgosition. The crowning blow was the
loss of sixty B-17s during a second mission to Smhfurt on October 14, 1943, a day that
thereafter was to be call&lack Thursday On that mission two hundred and twenty nine
B-17s ran the fighter gauntlet to hit the ball @guworks. Only 20 percent of the bombers
made it back home without sustaining some kindatflé&d damage. Unfortunately, as with
the first Schweinfurt mission, few of the Ameridammbs found their targets. With these
costly and discouraging results, the USAAF brasallfy called a halt to raids much beyond
the range of the escort fighters.

There was no doubt that the Luftwaffe ruled theslover Germany, and until that
situation could be reversed, the wings of the Higkit Force had been clipped. Fortunately,
the help that the bomber boys so desperately negdsdnly six weeks away, and it came in
the form of an airframe that had been fighting ur@pe with the RAF since early 1942: the
North American P-51 Mustang. The evolution of tiist Mustang model into the aircraft
that became the scourge of the Luftwaffe in serwith the USAAF is a story of
technological innovation and serendipity. Thatttold with some attention to technical

details, follows.

24



CHAPTER 3

THE BIRTH AND REBIRTH OF THE P-51 MUSTANG

The American inventory of combat aircraft whenwes began consisted primarily
of types that had been developed during the 1930ie. Boeing B-17 Flying Fortress and
the Consolidated B-24 Liberator were the frong Istrategic bombers, and the leading
pursuit (later designated "fighter") aircraft weéhe Bell P-39 Airacobra, the Lockheed P-38
Lightning and the Curtiss P-40 Tomahawk. The basbere clearly superior to any
similar aircraft in the Axis inventories. In ftathe Luftwaffe had no long range, high
payload bombers. The German military philosophg wae of "lightning war", oblitzkrieg,
in which the air force was used for close air suppbground operations. Hence, the
Luftwaffe was a tactical air force. This philosgptalled for a stable of superior tactical
airplanes which included agile and deadly fightersliminate the enemy air force, medium
bombers to soften hardened defenses and cut effivesand dive bombers to take out
mechanized units and disrupt troop movements.hédbeginning of the war the
Messerschmitt 109E filled the fighter role admisabThen, in 1941, an even better fighter
entered the combat inventory - the Focke-Wulf 19tbgether, these two fighters were
formidable air-to-air adversaries for the Allied furces.

Early in the conflict, Great Britain bore the brwfthe German onslaught.
Following the initial attack on Poland in Septemb&1939 that plunged Europe into war,
the Nazi war machine rumbled through the Low Caesiitook Norway, Denmark, Belgium
and France and was poised to attack Great Brit&litler ordered an all-out air assault on
the air fields of the British homeland to elimin&@&F opposition to his impending invasion.

The Royal Air Force that stood in the way was seacgrimarily with two defensive fighter
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types: the sturdy Hawker Hurricane, which joinked inventory in 1936, and the agile
Supermarine Spitfire, which first appeared in 1938y the Spring of 1940, twenty-two
squadrons of Hurricanes and 19 squadrons of Sgstirere available for service, and the
factories that fabricated these aircraft were lhdroduction. Royal Air Force Chief Air
Marshal Sir Hugh Downing designed a defense ofsla@d based on careful allocation of
Hurricane and Spitfire fighters, utilization of Bwer radar-assisted early warning and
tracking system and a network of ground-basedardraft batteries. Still he felt that, even
with the homeland factories operating around tbelglthe RAF would be under-equipped in
the impending conflict, so he sent a team to thi#edrStates to buy some fighters for the
RAF.

The British procurement team went to the Curtigsraft Company with an offer to
buy 400 P-40 fighters. The P-40 Warhawk seemdx tihhe appropriate choice for the job
at hand. It had better performance than the Elamg, was adequately armed with four
machine guns and had excellent ceiling and diveopaance that would allow it to "hit and
run" and not be forced to dogfight with the betME 109. The Curtis Company, however,
was in full production for the United States andldaot begin to manufacture their P-40 for
the British until much later in the year. Reludtmaccept such an extended manufacturing
schedule, the delegation took their proposal taiNAmerican Aviation, manufacturer of the
very successfularvard advanced trainer that the RAF used extensivelsaia fighter
pilots. When North American was offered that optioompany president James "Dutch”
Kindelberger deflected the proposal to build P-&ysaying that his company could design
and build a prototype of a fighter that would beeuor in performance to the P-40. The

British delegation, though skeptical, offered tmsider the proposal pending study of
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drawings of the proposed design. Several days Wdeh American Vice-President Lee
Atwood" laid out the detailed design drawings for the pssal fighter, and, after some
negotiation, on 29 May 1940 a contract for 320heffighters was signed.

In early October, just over 120 days later, thetqiype airplane, designated NA-73X,
was rolled out of the factory in Inglewood, Caliia. The British gave it the name,
Mustang Later that month, on 26 October, test pilot \@Bceese settled into the roomy
cockpit of NA-73X, advanced the throttle, roaredvdahe Mines Field runway and lifted the
sleek fighter into the air on its maiden flight.wlas powered by an Allison V-1710 liquid-
cooled, in-line engine that developed 1150 shafsdqmower and turned a three-bladed
Hamilton Standard propeller. The test flight shdwige airplane to be stable, easy to handle
and at least 25 mph faster than the P-40 that tiisiBoriginally wanted to buy. Its widely
spaced landing gear made it much easier to landpechte on the ground than the famous
Spitfire, which, with its narrow landing gear, wasject to ground looping. The only
problem for the pilot was the long cowling housthg in-line engine which made seeing
ahead difficult while taxiing on the runway. Sufpgent test flights convinced the British to
order an additional 300 of the spirited mount foe RAF°

The Mustang had several unique design featurésomaributed to its success. It
mounted an in-line engine that was contained withinselage nose shape that displayed a
very small frontal cross section area, and theldgsecontours were blended at wing and tail
with fillets that ensured smooth airflow and minimdrag force. In fact, the Mustang had
the lowest drag force of any fighter aircraft tpatticipated in World War Il. The wing

chord-wise cross-section was a so-called lamimayv flirfoil which had its maximum

* Mr. Atwood was the roommate of the author's fatdehn W. Courter, at the University of Texas. He
ultimately became Chief Executive Officer of MorAmerican Rockwell Corporation.
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thickness much farther aft than the quarter-chasitjpn used by conventional airfoils. This
was advantageous because the thin layer of airtodike wing surface (the boundary layer)
remained smooth (laminar) to a position aft ofrtleximum thickness point, producing
much less friction drag than would be produced bgraventional airfoil that would usually
produce a turbulent boundary layer. The air itiducsystem used to remove heat from the
engine liquid coolant also had some drag-reduaagures. Since the cooling requirement
was a function of the engine rpm and the airspaeaft variable-position bleed door was
installed so that just the right amount of airflew adequate cooling could be achieved
without paying the high drag penalty incurred Hixad airflow system. Using this system
allowed the fixed inlet to be smaller than thatuieed for a fixed duct exit area. In addition,
the inlet scoop surface adjacent to the fuselagepaaitioned so that it was displaced from
the fuselage surface by a small gap that preveheedlow-moving boundary layer air on the
forward fuselage surface from entering the cootlngt, thus permitting a smoother duct
inlet flow with resulting higher ram efficiency amdncomitant lower drag.

The first British Mustang, labeled the Mark 1,\ad in England on 1 November
1941. Subsequent testing by the RAF revealedledighter could dive at 500 mph and
achieve just over 380 mph in level flight. Theyodéficiencies the British noted were that
the aircraft's climb performance was poor and itsaiver-all performance deteriorated
rapidly as the airplane altitude exceeded 12,080 f8&till, the British were generally
delighted with the performance of the new fighterd they pressed it into service in April of
1942 in a tactical reconnaissance role where itked at photographic surveillance and at

strafing of targets of opportunity for the remaindéthe war.
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Shortly after the new fighter went into production the British, the U. S. Army
selected airframes numbers 5 and 10 off the assdimb| assigned them the model
designation XP-51 and transported them to Wrigatdin Ohio where they were stored for
later evaluation. With the Lockheed P-38, RepuBhé7, Curtiss P-40 and Bell P-39
fighters all in production at that time, the Arngjtfno urgency to spend resources on a
fighter for which there was, as yet, no perceivedch However, the Japanese attack on Pearl
Harbor and their subsequent success in the follpwieeks against American front line
fighters induced the Army to resurrect the XP-5d pat it through an extensive
performance analysis program. The results ofdébestcorroborated those of the British, and
the Army immediately diverted some of the airfrarnedered by the British into the U. S.
Army Air Force inventory. These first fifty unitsere assigned a photo-reconnaissance role
and given the designation F-6A and the name Apackebriquet that soon gave way to the
original Mustang. As America's involvement in thiar became more intense, the Air Force
expanded the role of the P-51 to utilize its exadllow-level performance. The basic
Mustang airframe was strengthened, dive brakedanth shackles were added and a dive-
bomber version of the Mustang, labeled the A-36 la@n. Five hundred of these aircraft
were eventually produced, with the first becomipgmtional in September of 1942 and
seeing action in Africa in the late spring of 194fhe aircraft was very successful in the
ground attack role; so much so that its pilotstelg¢o call it the Invader, a name better fitted
than Mustang to the role it was playing. During 29Morth American began a production
run of 310 P-51A fighters for the USAAF. The firdtthese aircraft joined the inventory in
the Spring of 1943. Thus, the North American P-Bitially entered operational service for

the United States in three different variants a éighter, a dive bomber and a photo-
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reconnaissance airplane. All of these Mustan@guts were powered by the Allison V-1710
liquid-cooled engine turning a three-bladed Hamil&iandard propelléY.

Early in the operation of the Mustang by the RRB|Is Royce test pilot Ronald
Harker noted that the airframe had superior peréme that was only degraded above
12,000 feet altitude by the inferior output of thesupercharged Allison engine. Being
intimately familiar with the British Spitfire andsi excellent high-altitude performance,
Harker suggested that the Mustang be fitted wehSpitfire's Rolls RoycMerlin engine to
determine any performance benefits. Four aircdssjgnatedustang X were set aside for
this purpose, and a rigorous performance evalugtiogram ensued. Concurrently,
American Assistant Air Attaché Thomas Hitchcoskggested to Air Force Chief "Hap"
Arnold that the Air Force also effect and testt¢beaversion. The test results were
astounding! The Merlin 61 engine, manufacturethenUnited States by Packard, delivered
1030 horsepower at about 6,000 feet altitude,tbutal value was realized at altitudes over
20,000 feet. At 19,000 feet a two stage bloweomatically cut in that provided the
additional high-density air required for the engioenaintain its power level to very high
altitudes. In order to fully utilize the power prded, the aircraft was fitted with a 4-bladed
Hamilton Standard propeller that could take a bigbée" out of the air than the three
bladed prop and thus produce more thrust. Thdtmegimerican pre-production version of
the aircraft, designated XP-51B, first flew on 36Mdmber 1942, and a contract was let on
28 December for full production of the P-51B. Byrsner, Merlin-powered Mustangs were
beginning to trickle off the assembly lines andeenhe operational inventory. Ultimately,

almost 2,000 B-model fighters were built, but seyeme of these were configured as photo-

* Hitchcock was the famous "Ten Goal Tommy", therinational polo star of the Thirties.
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reconnaissance aircraft and given the designa&@C. All of these production aircraft used
the Packard V-1650 engine (thterlin 61 built in the United States under license by
Packardf®

The "new" North American P-51 Mustang could nover@pe on an equal footing
with the Spitfire at any altitude. It was fastetevel flight by about thirty five mph and far
superior in a dive. The Spitfire was more manealvierand had a better climb rate, but the
Mustang could hold its own in those categoriedlatli@udes. However, the two attributes
that gave the Mustargghuge advantage over the Spitfire were range atidrance. The
Spitfire, having been designed as a home defeghktefito defend Allied installations, had a
very short combat range -- about 150 miles -- ésdesign had very little internal volume to
accommodate additional fuel tanks. There wasmsprovision for carrying external wing
tanks. Only a small "slipper" tank attached toftiselage could be accommodated. This
small fuel supply limited the Spitfire to less thao flight hours per flight. On the other
hand, the Mustang had enough room for internaldteeiage to give it a combat range in
excess of 300 miles and a flight duration of ovace that of the Spitfire.

In the Spring of 1943, while production of the PBSwvas just getting under way and
following the departure of the P-38 Lightning fr&dngland to the Mediterranean Theater,
the P-47Thunderbolinherited the role of principal American fighter\estern Europe and
took up the task of escorting the strategic bombarthe campaign to weaken the resources
and resolve of Nazi Germany. Unfortunately, thenlbat range of the P-47 was little more
than that of the Spitfire, and as the bombers rdmyer deeper into hostile territory and far
beyond the range of the P-47, they suffered logsas ever-increasing rate. The supporters

of daylight strategic bombing quickly realized thia¢ir original premise that their bombers
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could survive unescorted daylight raids with ondyminal losses was flawed. The USAAF
immediately instituted a program to develop extefunal tanks that could be added to
existing fighters to enable them to accompany thalkers on long missions. The tanks were
designed so that they could be jettisoned befopeimding combat so as not to hamper the
combat capabilities of the aircraft. By Augusthuhderbolts fitted with a 108 gallon

external tank mounted on the fuselage centerlime wanging as far as 375 miles, far enough
to accompany the bombers to some targets on thieisoof Germany. Unfortunately, the
brutal Schweinfurt raids of August and October gave testimony that even this

improvement in escort range was not enough.
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CHAPTER 4

THE ROLE OF THE MUSTANG IN THE DEMISE OF THE LUFTWAFFE

The disaster at Schweinfurt in October of 1943 tlwedsubsequent cessation of
American raids deep into Germany highlighted trgeeacy of the need for escort fighters
that could accompany the bomber force to all pafrtSermany. The range extension of the
Thunderbolt, effected by the development and itsdtah of wing-mounted external fuel
tanks, had improved the situation, but it still vea$ enough to provide bomber escort to all
targets in Germany. General Hap Arnold, in hisseésss effort to prove the capabilities and
value of the Air Force to the total war effort, e@red his pressure on the American aviation
industry to accelerate development of the airdraft appeared from early tests to be the
solution to the escort problem: the P-51 Mustafigiear had passed since the early British
experiment to marry the Rolls Royce engine withNhestang airframe. Subsequent testing
had proved that the resulting aircraft was supadany combat fighter then in the sky, but
development had lagged, mainly because the neesifdra plane had not been realized
until the bomber losses began to mount during tinenser of 1943. Now the need was
critical, and Arnold pushed hard to accelerate pctidn Industry responded. Tooling for
the aircraft had been completed earlier in the,y&ad production had begun, but at a
leisurely pace. By the Fall of 1943, Mustangsem@oving down the assembly lines in
Inglewood, California (P-51B) and Dallas, TexasxFG) at an accelerated rate.

Eventually, over 14,500 Mustangs of various modesid be built?°

* The B and C models of the Mustang were identidéle letter designation was used simply to indicate
the location of the plant where the aircraft waseashled.
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The first Merlin-powered Mustangs were fabricatéth only the internal fuel tanks.
Fortunately, the original Mustang design was eamlgpted to accommodate the addition of
a single 85-gallon disposable centerline fuel tamgkinted on the underside of the fuselage.
This extended the combat range of the Mustangstoguer 400 miles, enough to allow the
fighter to accompany the bombers from their Engliake all the way to Berlin and back.

The B-model Mustang is pictured in Figure 4.1 i tversions.

I.F"EI
_ 2I06g24

Figure 4.1 Two Versions of the P-51B Mustang (Réj.

The top sketch shows the original configurationhvite so-called "bird-cage" cockpit
canopy. The rearward visibility of the pilot wastricted in this design though the craft was
fitted with a rear-view mirror. The lower sketdlustrates a field modification that was
applied by some units -- installation of the Mafadiood similar to that used on the Spitfire.
This design allowed the pilot better visibility tiee rear. Only the B- and C-models of the
P-51 were in action during the first nine monthd 844, the period in which the Mustang
eventually eliminated the Luftwaffe as a threath® Allied victory in Europe. However,
evolution of the Mustang continued, resulting ia fimal production model, the P-51D,

which dominated the skies over Europe and finalxer Japan.
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Operational and combat experience gained duhagéarly months of 1944 exposed
some deficiencies in the B-model Mustangs that wareediately addressed by the North
American design engineers. Solutions to thesblgnas all came together in the P-51D,
which appeared in the combat zone in the Fall dd1@ee Figure 4.2). Almost 8,000 of this
model were produced. The D-model was still a Mgt but it looked different from the
earlier models. The visibility problem of the B-d& was solved with the installation of a

bubble canopy which allowed complete 360-degrebility. It also had provisions for

Figure 4.2 The P-51D Mustang (Ref. 31)

mounting two 108-gallon external, disposable faeks, one under each wing, which gave
the P-51D a combat range of over 700 miles. Ewve model had a ceiling of almost 42,000
feet, armament consisting of six 0.50 caliber maelguns and a top speed of 437 mph at
25,000 feet altitude. The D-model was also equdppith the K14 computing gun sight that
afforded the pilot a quantum improvement in tragk&wcuracy over the original reflecting
gun sight. Aerial gunnery accuracy and formati@tien-keeping were also improved when
an annoying lateral stability problem encounterdth warly Mustangrersions was rectified
with the installation of a vertical tail chord em#on. One major design feature of all
Mustangmodels posed a potential problem for the combat.gihe powerfuMerlin engine
was liquid cooled, and a stray bullet that punauhe cooling system could put the plane

out of action in a hurry. This feature made thesing particularly vulnerable during low
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level attacks where the density of anti-aircrat fivas high. Fortunately, the range benefits
and air combat capabilities of the Mustangs madmtldeal in the high-altitude bomber
escort role, and they gradually replaced the Pediadrons, releasing the rugged, air-cooled
Thunderboltgo enhance their "train busting” and ground attagutations.

By January of 1944 the USAAF was ready to resurat\they had started in the Fall
of 1943 -- an all-out attack on the Luftwaffe. 8ys time air bases throughout the Reich
were well stocked with ME 109 and FW 190 fighteMevertheless, the presence of an ever
growing number of Mustangs, encouraged by Geneoalifile to aggressively hunt down
the Luftwaffe, made the prospects for an Alliedcass favorable.

The first England-based operational fighter gregpipped with Merlin-powered
Mustangs was the 354th Group on loan from the Ndathrorce (Mustang units of the
Eighth Air Force were just being formed). They radunto their quarters at Boxted,
England, in mid-November of 1943, and on 1 Decertibey took to the air on their first
mission, a sweep over the French coast. Legeriddmer leader Col. Don Blakeslee led the
group on their first escort mission on 13 Decenvileen they shepherded a raid of 649
Fortresses and Liberators to plaster the shipyatrésel. Only five bombers fell to the
German defenses on that raid. From that time oartineal of Mustangs accelerated until, by
the end of the war in Europe, eleven Mustang figbteups, each consisting of about fifty
aircraft, were quartered on English soil. Othershbng groups operated with the Fifteenth
Air Force out of Italy*?

As 1944 began, General Arnold moved to take a@dgnbf the performance benefits
offered by the Mustang. Ira Eaker, the passiorddpendable and steady proponent of

strategic bombing, had led the Eighth Air Force benforce from the very beginning. His
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escort strategy was to protect the bombers, bo¢ghsare that the maximum number of
bombers would drop their loads on the target amutéserve the bomber force and crew for
continued action against the enemy. He did thigbigting that the fighters stay with the
bomber stream to ward off attackers. Arnold sensatia much more aggressive strategy
was called for. To win the air war, the Germarntigg corps had to be eliminated. To do this
job he called on the proven dynamic leader, Jimrogliitle. Eaker was shipped to the
Mediterranean to take over the 15th Air Force, Bndlittle assumed command of the
Eighth on 4 January 1944. Immediately, he issheddtder for the escort fighters to hunt
down and destroy the German fighters wherever tbeyd be found ... in the air, on the
ground and in the factories. With that order, leacky the superior Mustang in the hands of
superbly trained and aggressive pilots, the bégtlair supremacy in Europe was join&d.

At this stage of the war, early 1944, the Germade&fenses were still very strong.
Under the command of General Gunter Korten, théwaife pulled back many of its far-
flung fighter squadrons to defend the Reich. Tarefully dispersed fighter fabrication and
assembly plants were turning out completed air@atean astonishing rate. The important
military centers of production and operation wenged by hundreds of the deadly 88
millimeter anti-aircraft guns. Contrary to the oipin of the Allied bomber boys who thought
that the merciless pounding their air power cowtivér would induce the German citizenry
to give in, those citizens simply worked hardeptovide arms to repel the invaders.

The one chink in the German armor was the pdops. It was still fully manned,
but it had suffered grievous losses during theders air battles of the previous summer
and fall. Many of the seasoned veterans weredioshg the struggle, and the replacement

pilots, though plentiful in number, were not wedlined. In fact, the Luftwaffe training
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program had never been geared for a protractedictoninh the Thirties, German pilots
trained secretly until 1935 when the Luftwaffe vediscially revealed to the outside world.
By the opening of the global conflict in Septembe1939, the German air arm was fully
manned and primed with combat experience fromithevear in Spain. A ready reserve of
trained pilots numbering about a third of the operal force was available. The typical
Luftwaffe pilot had been through two years of tnagnprior to entering an operational unit.
This amounted to about 200 hours of flight trainiighe fighter pilots went to war in the
Messerschmitt ME 109E, a superior and deadly ingnt of war in the hands of a seasoned
pilot.3*

Early in the war the task of the fighter corps waeliminate the opposing air forces.
In Poland and in Russia this was done with litfferé and few losses because of superior
equipment and training. Even the numerically sigpemd supposedly excellent French air
force was no match for Goering's airmen. Thesly eanfrontations served as a combat
training ground second to none, allowing the pitothone their skills of interception, attack
and gunnery while vanquishing the opposing airderc Then came the effort to subdue the
RAF in the Battle of Britain, and the Luftwaffe wasver the same. Though the Luftwaffe
bomber corps suffered the bulk of the battle losdesfighter squadrons were also affected.

The battle had a profound influence on the Luftevéifaining program which had
been predicated on the operational concept of tiekBeg: aerial campaigns would be
rendered short and decisive by rapid and massipkcagion of air power. It was reasoned
that such a strategy would allow ample time foleeghment of manpower and supplies
before embarking on the following phase of the w@ertainly, such had been the case as

Hitler's aerial minions romped through Poland,ltbes Countries, Norway and France.
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The erosion of that concept began with the losses Great Britain, and it accelerated
dramatically following the launching of OperatiBarbarosa the invasion of Russia, on 22
June 1941. Atthe beginning of the war, the Luffevavas organized into sevelalftflotten
each consisting of administration, communicatitak find operations units. The operations
unit was, in turn, made up of seveFdkegerkorps each of which was made up of bomber,
dive bomber, ground attack, single-engine fight@m-engine fighter, night fighter,
reconnaissance and transp8eschwaders Each Geschwader was comprised of four
Gruppen three being operational and the fourth being gerational training unit> By
early 1942, the Germans had lost so many trainetsghat they had to dip into their
training units for instructors and advanced stuslémffill out their operations ranks. Then, in
the summer of 1942, the Luftwaffe high command dpteeliminate the operational training
units altogether, leaving each Geschwader witretbggerational Gruppen. As time went on,
the number of flying hours allocated for trainingdually decreased, partly because of the
accelerated need for more pilots in the operationas caused by combat attrition and partly
because of fuel shortages imposed by Allied attackiiel production and storage facilities.
The year 1943 was crucial for the Luftwaffe's flarg units as the fortunes of war
turned against the Nazi regime. The stiffened Ruas®sistance in the East had become an
offensive, and the Wehrmacht was forced out ofc&fitby the British and American forces.
The American landings on Sicily and the followirgust up the "boot" of Italy supplied
pressure from the south. In the meantime thedBrind American air campaigns of
strategic bombing were putting pressure on the lhemde threatening the source of arms and
manpower. In this milieu the Luftwaffe was expaomg an acceleration of attrition, both of

pilots and aircraft, that had begun with the Batd Britain. Figure 4.3 illustrates the loss of
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fighter aircraft of all types over the year. WHites situation was troubling, the deficiencies

it caused were being made up by the increased ptioduschedule designed by Director of

Armament Erhard Milch.
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Figure 4.3 . German Fighter Attrition for BO@Ref. 36)

A much more critical statistic was that of pilotréion as shown in Figure 4.4. This graph
gives a very clear picture of the cost to the fgltorps of the burgeoning Allied bombing
campaign in the late summer and fall of 1943. Giaohs also illustrate the temporary
respite from catastrophic losses earned by themnyi@t Schweinfurt. During this period the
Luftwaffe training programs were continuing to pucé pilots to man the planes, but the
guality of those pilots was on a downhill slope tioe remainder of the war. By the summer
of 1944, with their combat veterans falling to theas of superior and numerous American

fighters and poorly trained pilots taking theirqdaand falling at an ever faster rate, the

Luftwaffe was essentially finished as an aeriad#tr®
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Figure 4.4 Luftwaffe Fighteiot Losses for 1943 (Ref. 37.)

Over the same period that the Luftwaffe program wmadecline, the American
training program was burgeoning. In January of0l@4th hostilities reduced to the so-
called "phony war"in Europe, President Franklin Roosevelt askeddtherican Congress
to appropriate $1.8 billion for national defendgs tin addition to the $190 million that had
just been approved the previous summer. Parti®fuhding was put into an expanded pilot
training program. Until 1939, pilot training haddn a leisurely and relaxed proposition in
the United States. Now it took on a more deterchineage with emphasis on uniformity,
quality and volume. The goal of the training preogrwas superior preparation for combat.
By the time America was pulled into the war in [&81, a pilot training program promising
30,000 graduates a year, to be distributed amagigyefour combat groups, was in place.

The wartime training program consisted of threefweek courses, primary, basic

and advanced, followed by another nine weeks ofttian training in the graduates'

* The "phoney war" was that period following thd €lPoland during which virtually no land action
occurred. The period ended on 9 April 1940 whtlh German invasion of Denmark and Norway.
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assigned combat aircraft. The primary course steiof introductory classroom instruction
in aerodynamics, weather, airplane systems, fbglféty and fundamental flight maneuvers.
Sixty hours of flight instruction, about thirty hauwith the instructor and thirty hours of solo
work, covered fundamental maneuvers, takeoffs andihgs, and stall and spin recoveries.
The training aircraft employed were slow, docilel aery forgiving of mistakes.

The open-cockpit Fairchild PT-19 and Ryan PT-22ensrmmonly used in the primary
program.

The aircraft used in the basic training courseewaster, heavier and, though stable,
considerably more difficult to fly. In particuléine stall and spin characteristics of these
aircraft were more violent and required more dkitlrecovery. The Vultee BT-15,
nicknamed the "Vultee Vibrator" for its post-stald spin behavior, was commonly used in
this part of the program. It had a 450 HP engime @n enclosed glass cockpit. Flight
training included considerable cross country naioega night flying and instrument flying.
Fundamental aerobatic maneuvers were also taugliaihflight and practiced in solo flight.
Near the end of the course, the trainee receisg introduction to the advanced training
aircraft, usually the North American AT-6.

The advanced course was the part of the traimiagrpm in which pilots were
channeled into single-engine or multi-engine classehe single-engine pilots generally
became fighter pilots, and the multi-engine pikpémsitioned into transport or bomber
assignments. The single-engine course stressedment flying, navigation, night flying,
formation flying and combat maneuvers, and it waslifred frequently during the war as
useful combat techniques from experienced and safidepilots filtered back from the war

zones. Aircraft identification was stressed in¢lessroom. The multi-engine course
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commonly used the Beechcraft AT-11 aircraft. lastion included an extensive dose of
instrument and formation flying. Teamwork betwélea pilot trainees and other crew
members, which could include pilot, navigator andthbardier trainees, was stressed in later
stages of the training.

Following completion of the advanced course tragate pilot, whether he be
single- or multi-engine trained, went through adiidnal nine weeks of transition training
to his assigned combat aircraft type before hegigen an operational assignment. His first
operational assignment was to a continental uniafoindeterminate period before he and
his unit were assigned to an overseas base. , @mew recruit could expect to spend
eighteen to twenty-four months in training befooeng into combat. Of course, throughout
the war American pilots had the luxury of trainingan environment that was consistent,
thorough, free of distractions, and, most of aéefof hostile aircraft trying to shoot them
down. Conversely, German pilots trained from 16A@ard had to face abbreviation of their
training regimen, fuel shortages and, ultimateheray bullets®

When the fighter conflict was joined on a big sclbm the first days of 1944, there
were several different aircraft types that werelagd, but four fighter types dominated the
air to air combat scene, two from each side. @nAtimerican side were the recently
introduced P-51 Mustang and the dependable warliansethe early days of the bomber
war, the P-47 Thunderbolt. With 108-gallon auxiifuel tanks installed, the Mustangs
could accompany the bombers on raids to anywhe@emany, and the Thunderbolts could
range well within its western borders. The Germammtered with only two fighter types
with performance that could be competitive with Araericans and in sufficient numbers to

be a formidable threat: the Messerschmitt 109 Gthed-ocke Wulf 190 A. The 109 was
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actually well past its zenith as a fighter, butréhevere large numbers of the G model
available, and, in the hands of an experienced, filoould still make a good account of
itself. The 190 was agile, easier to fly than168 and well armed, making it a good combat
platform even for a pilot with limited experienckate in the war the Germans introduced
the rocket-powered Messerschmitt 163 and the twibejet-powered Messerschmitt 262,
both of which could outperform the Allied fightatsey encountered as they sought to break
up the bomber formations, but they appeared saladen such small numbers that they
represented no enduring threat to the bombing ceymoa the advancing Allied armies.

The 262 was especially vulnerable during takeatits landings when it could not use its
superior speed to escape attack. The 163 rockee flad usable thrust for only about seven
minutes, and after rocket burnout, it became aglidnd though it was agile, it was easy
prey for the American fighters.

The ferocious battles of "Big Week" in late Felssuaf 1944 portended the fate of the
Luftwaffe. Huge formations of Allied bombers attad the German fighters on three fronts:
at the factory, at the air bases and in thé%iiThen, in the early days of March, Eighth Air
Force commander Gen. Jimmy Doolittle, hoping toveela knockout blow to the Luftwaffe,
ordered a temporary suspension of bomber raide@huftwaffe infrastructure in favor of
missions designed solely to draw the German figtweps into battle. He figured that the
Germans would defend Berlin with everything thed iratheir aerial arsenal. He was right.
The raids on the 6th, 8th and 9th were costly. Rnmedred and fiteen bombers were shot
down, but the bombers severely damaged a balligeptant and dropped some bombs on
government facilities in the center of the city.ofd importantly, however, the escort fighters

knocked down 160 German fightérsThis all out effort to Berlin together with missi®
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elsewhere during the month of March paid bigabwids in the fighter attrition sweepstakes.
Almost 60% of the German fighters available for baton 1 March had been knocked out
of action by 1 April.

By May of 1944, with the Allied invasion of the @imment just weeks away, the
Luftwaffe as a threat to the invasion had beenialted. This does not mean to imply that
the German fighters disappeared from the scenetimina but the Allied fighter forces had
depleted the German air force to the extent thid\lnvasion commander, General Dwight
D. Eisenhower, could say with conviction that amgraft sighted over the invasion battle
field would be part of the Allied forces. Thoudtetwar in Europe continued for another
year, the Luftwaffe had forever lost its opportyritr victory over the Allies.

The demise of the Luftwaffe was certainly hastelmgthe superior training of
American pilots and the increasing number and @mdnge of American fighters.
However, the battle could not have been won wittl@tsuperior combat performance of the
P-51 Mustang in the hands of pilots who had besndd to use it. The combination was
devastating to the Luftwaffe. Certainly there examples in the annals of the air war in
which the underdog in aerial warfare emerged asititer. For example, the famous Flying
Tigers operating the cumbersome P-40 Tomahawk againsjuick and agile Japanese
Zero, achieved victory after victory over the sighgtrained veteran Japanese pilots by
using hit and run tactics. But the Luftwaffe nekeally had a chance against the Mustangs.
There was just no place to hide.

The technical reasons for the superiority of thesddngs in air combat with the

Luftwaffe can be explained graphically for the laymusing a unique formulation of the
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fundamental principles of aircraft performance thas actually developed after World War
Two. An explanation of this method of analysis #sdapplication to the air war that took

place in Europe in the Spring and Summer of 194tasented in the following chapter.
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CHAPTER 5
THE MUSTANG AERIAL VICTORY EXPLAINED:
ENERGY MANEUVERABILITY ANALYSIS

It is one thing to say that the appearance oMbstang over Germany heralded the
end of the Luftwaffe as an effective fighting forck is another to provide the technical
reasons why this occurred. In the last chaptemitheence of pilot training, aircraft range
and aircraft numbers on this result were explainlddw an explanation of the technical
reasons involving aircraft performance and coméetii¢s is provided.

In the early 1960's at Eglin Air Force Base inrfdla, John Boyd, a dynamic and
unconventional U. S. Air Force fighter pilot, begarformalize a theory of combat
maneuver analysis he had begun thinking about wgkiteing in an F-86 squadron in MiG
Alley during the Korean W&t In that war the North Koreans (and, undoubtedo aome
Soviets) flew the MiG 15, a small, swept-wing fightvith exceptional performance. The
airplane was more than a match for the F-86 in nasgects, but the Americans still
finished the war with a ten to one kill ratio adtege. While Boyd conceded that part of that
advantage could have been because of differengebiriraining, he felt that much of it
had to do with tactics that emphasized the strengtithe F-86 and minimized those of the
MiG. Thus began his quest to quantify thesedactilhe result, developed after many
months of performance comparisons and calculatiomgalled Energy Maneuverability
Analysis, or E-M*

The question that immediately comes to the minth@ reader is: What does a
theory developed twenty yeaafter the end of World War 1l have to do with the infhwe of

the P-51 Mustang on the victory over the Luftwaffé&urope in that war? The answer is
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that with the E-M analysis can one propeabantifyone of the reasons for that victory, the
aerodynamic superiority of the Mustang over thagpal German fighter types.

The Energy Maneuverability Method

Though E-M method is analytical in nature, it t@wrepresented graphically in a way
that can easily be understood by the layman. Hewewome simple algebraic expressions
must be introduced to adequately explain whataesvshon the E-M graphs. The energy-rate

or power of a system (e.g., airplane) can be espreas

P=(T-D)V (5.1
where P = Energy rate (or power)
T = Thrust force, the driving force generabgdhe

aircraft power plant. This can be producedally
by a gas turbine (jet) engine or by a recipting
engine-propeller combination

D = Drag force, the force resisting forward motid¥or
an airplane, it is produced by friction, fle@paration
anohg-tip vortices

V = Velocity, the magnitude and direction of theerat
of change of forward motion

Now, thespecific energy raté’s,the energy rate per unit weight, is given by:

p- P _ (-DV (5.2)
w w
where W = Aircraft weight

Notice thatPs is zero when the thrust and drag are equal. i$lasteady-state condition in
which the airplane is flying at constant velocitgjther accelerating nor decelerating. Thus,

when the specific energy ratepssitive the airplane iaccelerating and when the specific
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energy rate isegative the aircraft islecelerating Hence, the instantaneous dynamic
condition of the aircraft can be instantly assessethonitoring the magnitude and sign of
the specific energy rate. The question remaingeler: How does this information
translate into an assessment of favorable air cotabtics? The answer to this question can
best be provided for the layman in graphical terms.

For each altitude in level flight an aircraft rlasinimum speed for which controlled
level flight can be maintained, the stall speedl amaximum speed produced when the drag
force is just equal to the maximum thrust that loa produced. These speeds change with
altitude and are theoretically equal when the aftas flying at its maximum altitude (its

ceiling). Figure 5.1 is a depiction of typicaldbt (T) versus velocity and power (P =T V)

Thrust forc Power

available

Drag force

Conditions at sea level
- = == == Conditions at intermediate altitude
Conditions at ceiling

Velocity Velocity

Figure 5.1. Variation of Thrust, Drag , PowadaDrag Power with
Velocity as a FunctminAltitude for a Propeller-driven Aircraft
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versus velocity graphs for an airplane in levelttifor three different altitudes: sea level,
intermediate altitude and ceiling. Also shown & graphs are the drag force (D) and the
drag power (DV).

It is from these fundamental relationships thatinstantaneous performance of the
aircraft can be determined. It is obvious from¢heves that this performance is a function
of altitude. However, the aircraft turning perf@amnce is not sensitive to small changes in
altitude, so a reasonable assessment of combatrparice can be made by analysis of
turning performance at fixed altitude on the onechand climbing and diving performance
as a function of attitude on the other. Such gegch allows for generalized analysis on a
guasi-static basis, thus alleviating the necegsitynalyzing each maneuver in a time-
dependent reference frame. Incidentally, while @bvious that the weight of an aircraft
changes continuously with the expenditure of faat], for a combat aircratft,
instantaneously, with the use of various weapoting, changes are small with respect to the
maneuvering time frame; hence, the weight is camnsll constant in the combat
performance analysis.

In order to put these aerodynamic characteristitsthe Energy-Maneuverability
framework, it is necessary to show a typical speeihergy graph for an airplane. (see
Figure 5.2 on page 51 ). In this figure, in additto the steady-state value of specific energy
rate @s = 0) only positive values ¢f; are shown (i.e., curves for an accelerating aiitlcr
Of course, negative values of the specific eneaty occur when the aircraft is decelerating.
Since a value of specific energy rate can be coeupfar every flight condition of an

aircraft, Ps becomes a parameter that can be used to asgdaseaiperformance.
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Furthermore, it is also a convenient and revegbagmeter that can be usedctomparethe

maneuvering performance of various aircraft. Tlahmmatical details of this method are

Altitude

Ps > Ps

Velocity

Figure 5.2. Specific Energy Rate for Typical RghAircraft

given in Appendix B. The conceptual applicatiorittd method to comparative combat
performance assessment can now be explained gadlghicthe following paragraphs.

The detailed maneuvering between two adversacyadiirto gain a position favorable
for aerial victory is commonly called "dogfightingThe instantaneous "dogfighting"
capability of an airplane can best be describeadrims of its turning capability at each value
of its airspeeds. Thus, the variation of turn ket velocity is of primary importance in
determining flight conditions that will give ongyfiter an advantage over another.  Figure
5.3 is a diagram showing the forces acting on earadt that is undergoing a constant

velocity coordinated turning maneuver in the honizb plane. The angular rate at which the
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airplane is turningy , and the angle at which it bankss, depend on the value of the

specific energy rate. This information can be ade® in a graph which is known as a

L (Lift)

> Centripetal
force
¢ (Bank angle) -J

W (Weight)

v

Figure 5.3. Force Vectors on an Airplane in theigtmtal Plane

"doghouse plot" (because it looks somewhat likeghduse, and there is a semantic
connection with the term "dogfight"). This grapgiosis the maneuvering envelope of the
subject airplane. That is, the airplane can flydibthose conditions inside the doghouse,
and it cannot fly at conditions outside the dogleoughe flight restrictions may be imposed
because of airplane aerodynamic limitations (Idssatrol because of stall), structural
limitations (actual structural failure) or pilotfe€tiveness limitations (loss of consciousness
because of excessive g-loading). A typical doghaqust is shown in Figure 5.4. The salient
features of the aircraft's turning performance (dn@hce, of it's "dogfighting " capability) are

indicated on the plot
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It is easily seen now that by plotting the perfane of all aircraft on the same graph
scale, the performance of these aircraft can b&/macally compared. A typical comparison
is shown in Figure 5.4 between hypothetical aitctAf and hypothetical aircraft "B". In

fact, Aircraft "B" has a definite advantage at lspeed (gray area) because it can turn at a

Fighter "A" Fighter "B"

Turning rate //

Velocity

Figure 5.4. Horizontal Plane Performance Compasgd he "Doghouse” Plot)

higher rate at any speed up to the "corner” spiedcorner speed is the speed at which the
aircraft has its highest turn rate at the highgstidading). Note that the maximum "g"
loading is determined by the loading for which ghilet remains capable of controlling the
aircraft, and it is less than the loading at wtilod loss of structural integrity of the aircraft
occurs. On the other hand, Aircraft "A" has anadage at high speed (black area) because
it can go faster than Aircraft "B". Therefore,hat"and run" tactic would be preferred by

Aircraft "A" and a "dogfight" tactic would be prefed by Aircraft "B".
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Note that the doghouse plot is constructed farrstant altitude. The plots do
change with altitude, but the general relationgtifhe plot of one aircraft versus another
does not change significantly. Thus, the servaikng of the aircraft, that altitude at which
the aircraft can maintain controlled flight at ard) rate of 100 feet per minute, is important
primarily because it gives the pilot of the aiftkaith the higher ceiling the option of
whether or not to engage in combat. Obviouslthefservice ceilings of two aircraft are
significantly different, the aircraft that can #iy the higher altitude has a greater potential
energy that can be converted into a high kinetergyin a dive. Of course, all energy
exchange situations are limited by structural, m@rand pilot biological constraints.

The intermediate line on the graph between theiimam "g" line and the zero turn
rate axis is the line for which the subject aftcan make a sustained turn without losing
altitude or airspeed.. As would be expected, aft¢B", the dogfighter, has an advantage at
low speeds, but it loses that advantage to theatidtrun” fighter (Aircraft A) at high speeds.
A well trained and capable pilot will know wheres [@irplane stands relative to his
opponent's in the energy-maneuverability arena @nud, he will be able to capitalize on his
advantages and avoid disadvantageous situatidistiouild be noted that in regions where
the turn rate graphs overlap (i.e., in the whitace between the gray and black regions in
Figure 4.4) the aircraft have essentially equapability, and a combat outcome depends
on the relative combat skills of the competing1si

It is obvious from the preceding discussion thhigdly maneuverable aircraft has a
combat advantage at constant altitude over aradtittrat is less maneuverable, but what
advantages accrue to an aircraft that has supivierperformance or superior climb

performance? Figure 5.5 is a graph of altituelesws velocity for Aircraft "A" and Aircraft
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"B". The closed figure is bounded on the left digethe stall condition for the aircraft and
on the right side by the maximum speed. The sldipe in the center of the graph shows
the locus of all points for which the rate of dims a maximum. The graph shows that

Aircraft "A" has superior high altitude performaneéhereas Aircraft "B" has speed

| Fighter "A" Fighter "B" |
) e - ,"—— Tk \\
Altitude y / <\
, N
/ !
/ /! \
4 Lines of \
/ maximum \
/ climb rate \
I 1
1 2 I
Airspeed

Figure 5.5. Vertical Plane Performance Envelopm@arisons
for Airplane "A" and Airplane "B"
advantages (both high and low) at lower altitudEsese graphs also show that Aircraft "A"
has a higher rate of climb at all altitudes. lagtice, then, if the two aircraft confront each
other at the same altitude, aircraft "A" has arddiadvantage because it can climb away

from Aircraft "B" to its maximum altitude and leit there, out of reach of Aircraft "B", until
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it is advantageous either to fly away or to divehe attack. Aircraft "B" has little
advantage in this confrontation unless he canHig@dversary into a dogfight, though he
can "run for it" in level flight at most altitudes.

The preceding analysis can be applied to botitherican and German combat
fighter inventories identified in Chapter 4 to detene probable outcomes of combat among
the adversaries. A comparison of probable resutts attrition statistics will testify to the
accuracy of the assumptions inherent in the presggmtoach to combat analysis. Using this
approach, regions of performance dominance of oneaé type over another can be
identified, and an educated conjecture can be meghading probable combat outcomes.
When this type of analysis is made within the frauoik of pilot training and combat order
of battle that existed over Germany in early 1944, final outcome can be explained with
some confidence.

Four aircraft are considered in the analysis:Rh&7 Thunderboland P-51 Mustang
for the Americans and the ME 109G Gustav and F\WA1BGtcherbird for the Germans.
The horizontal plane analysis can be made by ptiegeturning performance data on the
same scale for each of the aircraft so that anlayenethod may be used to readily
demonstrate regions of superiority of one fighteraanother. Vertical plane analysis will
consist only of comparing appropriate tabulate d&peculative conclusions regarding
possible combat strategies and outcomes can bedeagpy actual combat order of battle
and attrition data.

Consider first the P-47 in comparison with the réa@n fighters. Figure 5.6 compares
the horizontal plane maneuvering capabilities,(f@ogfighting”) of the Thunderboénd the

ME 109G. This graph shows that the P-47 is by eams a dogfighter. At constant altitude
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the Gustav can easily out-turn it, except at hjggesl. Thus, if the Thunderbolt pilot were
not in a favorable attack position at constantuale, he would not initiate combat.
However, the P-47 does have a sufficient speednaalga at constant altitude to pull away
from the 109, though in most cases the Thundepiolt would opt to dive away from the
Gustav until he is out of danger, and then agamixto high altitude for another attack.
Data in Appendix A provide a comparison of the ieattplane performance of the two
fighters via the ceiling, power and weight parameterhis clearly indicates that in combat
with the 109 the best strategy for the P-47 iotiet at high altitude until a combat

opportunity presents itself. Then the Thunderbolild swoop down at high speed on the

Maneuvering Performance Comparison
P-47 (solid) vs ME 109 (dashed)
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Figure 5.6 Maneuvering Performance Comparison
P-47C Thunderbolt vs ME 109G Gustav
Altitude = 25,000 feet
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attack in a "hit and run" maneuver. In many capagjcularly late in the war, the German
fighter pilot under attack would perform a splirfneuver to dive away from combat, a
maneuver that worked very well against opposingtégs early in the war. Such an action
against a Thunderbolt, however, would be a dedutyce because the P-47, being very
heavy and powered by a 2,000 horsepower enginel cautidive any other fighter in the sky.
Fighter Group 56, which flew the P-47 throughow War and achieved more air-to-air
victories than any other unit in Europe, was paléidy adept at this strategy. The top
scoring ace in the European Theater, Col. FranedseSki of the 56th, brought down 28
German aircraft with his Thunderbolt. He survitkd war, stayed in the Air Force and
became a jet ace during the Korean War.

Figure 5.7 shows the comparative performanceeftiunderbolt and the FW 190A
Butcherbird. The P-47 can hold its own in turmimith the Butcherbird, and it even has an
advantage with increasing airspeed. Howeverdidgram is somewhat misleading because
it does not account for the difference in inertidhe two fighters, nor does it consider climb
performance. A dogfight seldom takes place atteonsltitude, and the P-47, because of its
inferior climb performance and high weight and trzesuffers in the type of climbing,
twisting encounter that the FW 190 pilots preferrdthus, again, unless the Thunderbolt
pilot were presented with an advantageous positiconstant altitude, he would opt to dive
away to fight another day. Inthe case of the RPhésrmost often meant taking part in a
"train-busting” mission. The Thunderbolt was vargged, and its air-cooled radial engine
could take a great deal of punishment before lediai Once the long-range Mustangs
appeared on the scene the Thundermpliadrons gradually deployed away from the escort

role into that of interdiction and ground suppdittis interesting to note that some famous
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Maneuvering Performance Comparison
P-47 (solid) vs FW 190 (dashed)
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Figure 5.7 Maneuvering Performance Comparison
P-47 Thunderbolt vs FW 190 Butcherbird
Altitude = 25,000 feet
P-47 pilots were shot down during the war, inclgd@ol. Gabreski and the brilliant leader of
the 56th Fighter Group, Col. Hubert "Hub" Zemket tiney and many other "Jug" pilots
survived in large measure because of the sturdstamtion of the airplane.

Now consider the performance of the P-51 in itisggle with the Luftwaffe.
Certainly the most important feature of the Mustanthe European air war is that it was
there ... there being wherever the Luftwaffe happeneldeto However, it would not have
survived very long if it had not had outstandingambat attributes.

The Mustang performance comparison against thelMEis shown in Figure 5.8,

and it is seen to be quite similar to that of thé7/2 The 109 is simply more agile than the
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Mustang at low- to-moderate speeds. However, thia difference between this
confrontation and the same one involving the Ps4hat the Mustang has a lower inertia
and, hence, a quicker response. A P-51 pilot woptdo stay in the fight if he were in that
part of the performance envelope where turn ratre wf the same order. In this regard,

unlike the P-47 pilot, his equal climb performaiisee Table A.1) would also enable him to
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Figure 5.8 Maneuvering Performance Comparison
NA P-51 Mustang vs ME 109G Gustav
Altitude = 25,000 feet
stay in the combat arena on an equal basis. TWegEaph shown in Figure 5.9 illustrates
that the Mustang also has a performance edge bedutcherbird. There is no doubt that at

this stage of the war the Mustang pilot wasttbaterand in the majority of combats his

superior training allowed him to use the Mustamdtgbutes to their fullest extent. In air
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combat in the vertical plane the Mustang was sopéoiboth the ME 109 and FW 190. This
can be surmised from Table A.1 in Appendix A. Rraerican airplane had the edge over
both German fighters in stall speed, maximum spesd,of climb and ceiling. Thus, the
Mustang pilot was able to choose the milieu in wHie would fight. More often than not,

because of his superior training, he was able tkenagproductive choice.

Maneuvering Performance Comparison
P-51 (solid) vs FW 190 (dashed)
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Figure 5.9 Maneuvering Performance Comparison
NA P-51B Mustang vs FW 190 Butcherbird
Altitude = 25,000 feet

The leading Mustang ace of the European war wgs®sorge Preddy of the 352nd
Fighter Group who flew his Mustang nam@dpes a Mightyto 26 victories over Luftwaffe

fighters. The most formidable combat fighter tesfithe European Theater, the 4th Fighter
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Group's Captain Don Gentile and his wingman, Captahn Godfrey, destroyed 36 German
aircraft®® The very first Mustang ace of the war was Mdmes Howard of the 354th
Fighter Group. But that was not Howard's onlyroléd fame as a fighter pilot. He began
the war in China and became an ace as a volurnyasy fvith the famed Flying Tigers
(American Volunteer Group) against the Japanedeer fesigning from the AVG in 1942,
he joined the USAAF and took an assignment as 4 836adron leader in Europe. In
January of 1944 while on an escort mission oven@ey he single-handedly held off a
swarm of German fighters that were attacking a Bdifadron. For his actions he became
the only fighter pilot in the European Theater éodwarded the Congressional Medal of
Honor*" Howard survived the war and went on to beconietadnant general in the USAF.
Gentile and Godfrey also survived the war, but Byaslas killed by Allied ground fire
during a low level mission on Christmas Day of 19%4

The Energy Maneuverability graphs for the fouckft chosen for analysis are not
conclusive in their own right in predicting the doah outcomes between the fighters.
However, when viewed in the light of the combatieilduring those spring months of 1944,
they offer a revealing insight into why the air vieanspired the way it did. Figure 5.10a
shows the attrition of fighter aircraft for thesfirhalf of 1944. Figure 5.10b shows the pilot
attrition for the same period. The Germans wetet@ined and out-numbered, their veteran
pilots were worn out and their number was dimimghboy the day. The German first line
fighters were up against aircraft that were equddedter in the important qualities of air

combat and manned by American pilots who alwaysdmdvenue of escape from an
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unfavorable situation because of these airplanétgsaand the pilots' superior training.
Worst of all for the German pilots, there was rfoige; no respite from the daily grind. For

them the war was here, there, ... everywhere.
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CHAPTER 6.
CONCLUSION

The fierce air battles over Germany in the Spahf944 may have signaled the
death knell of the Luftwaffe's domination of ther&pean sky, but it by no means meant that
the air war in Europe was over. Following the siea of Normandy in June of 1944, the
Eighth Air Force gradually turned their major effofrom tactical support of the invasion
through disruption of enemy transportation actegtto strategic attacks on the Third Reich.
In this case, the principal objective was the sgtithoil production and storage system.
Thirteen percent of the bomb tonnage dropped duhegvar was directed at the oil supply,
and the bulk of this effort took place in the lasten months of the wat. Seventy percent
of the Luftwaffe fighter force (almost 2,000 airftyavas allocated to protect the oll
production and storage facilities, and they seldaited to respond in force to attacks against
this life blood of their war machine. It is indtoge of the Germans' desperate oil situation
that a single refinery and storage complex arowguhia was guarded by over 460 heavy
anti-aircraft guns?

The final desperate measures of the Luftwaffegmghe tide of the overpowering
Allied air forces occurred late in 1944. Fightem@nander Adolph Galland instructed his
forces to be conservative in their defense efffota few weeks in order to build up the
number of the fighter forces so that the Luftwalftelld make a series of large-formation
attacks against the American bombers to seriowstynuhte their ranks. (He named this
effort wasDer Gross Schlad;The Big Blow"). Three such attacks were caroed between
the 2nd and the 25th of November, and a total eé sty three bombers were brought down,

but only about 25% of those fell to the Germantigs.
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The last gasp of the Luftwaffe came on New Yeady, 1945. A force of over 750
fighters attacked sixteen Allied air fields on tbentinent, destroying 134 aircraft and
damaging 62 more. The loss of equipment was béetlpy the Allies, but the attacking
German force lost 220 aircraft in the attack, andre importantly, about an equal number of
pilots. The loss was just too much to expect thitviaffe to be able to put up much
resistance for the remainder of the war. Inddse Highth Air Force flew eighty four
bombing missions against the Reich in 1945, theda®5 April against Pilsen and Salzburg.
Four hundred thirteen bombers were shot down byldkebatteries and the few Luftwaffe
fighters that made it through the numerous Ameriggirter escorts, an average of about 5
per mission, or about 0.5% of the attacking forBecall that the American attrition for the
Black Thursdayschweinfurt raid was about 26%. Truly, the Luffi@avaskaput

What had started out as the most powerful and moaie force in the world just six
years previously was now all but gone. Why? &ihe development and deployment of
the P-51Mustanghad such a profound impact on the Allied prosecutif the air war in
Europe, it is instructive to review Luftwaffe tealogical developments to determine how
they might have influenced the outcome of the veatt they been aggressively pursued from
the outset. Itis beyond the scope of the presenk to discuss these developments in
detail. Here they will simply be listed with a comant on their possible effect on the

outcome of the war.

1. Development of the external fuel tank for the MIB fighter. During the Battle of
Britain, the turning point of the early air wangtGerman fighter escorts had only ten

minutes of combat time over England before thed/thaturn for home. Greater
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endurance would certainly have improved the saiviate of the bombers. Incidentally,
such a tank became available for the ME 109EB#11

2. Development of a long range heavy bomber withelgpayload. At the outset of the war
the German bomber corps was equipped with tactiealium bombers and dive
bombers. All of these aircraft had a small paglaad they were relatively slow and
lightly armed for self defense. The German attetmplevelop a long range bomber, the
Heinkel 177, was beset with design and fabricallmmns which delayed its appearance in
combat until 1943, too late to have an impacthenwar. In view of the slender margin
of victory for the British in the Battle of Bain, it is likely that the presence of the
heavy bomber and range-enhanced escort fighteBritain would have turned the tide
in favor of the Luftwaffe.

3. Development of the jet propelled fighter. Thisrao doubt that earlier development of the
ME 262 jet fighter would have had a profound effec the air war over Western Europe.
Design of the airplane and its radical new powantp the gas turbine engine, began in
1938, but the first aircraft did not fly until Mar of 1943. Finally, in the late Fall a few
of the aircraft began to trickle off the assemblg, but it was too late for them to make
a difference. Much has been written in the pcest Merature that Hitler's decision to use
the ME 262 as a bomber rather than as a fighteronacial to the outcome of the war.
Though it was certainly a stupid decision when Aoan bombs were raining on
Germany, the ME 262 arrived too late to have nadgference anyway. However, if it
had been available in large numbers as a fightdra summer of 1943, the balance of

power in the air war would have swung to the Gersna
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The preceding is simply idle speculation. As l@asghe war continued and the
enemies of Germany were steadfast, Germany waarcéntlose it because of the
preponderance of assets arrayed against it. Howeae the Germans developed key
advanced concepts in the field of aeronautics eatiige war, they may have made the cost
of continuing the war so high that the Allies woulalve sued for peace.

It is untrue to say that the Mustang won the wdturope for the Allied forces.

It is even untrue to say that the Mustang won thevar in Europe for the Allied forces.

It is certain that the war would have ended withthetMustang's presence at all. However,
if the war had continued without it to the sameatosion on the track it was taking in 1943,
there isno doubthat the cost of victory would have been much highén time, in money,

in lives lost, and in futures changed. On the ohad, if the Mustang had entered service a
year earlier, the pressure that Mustang-escortetbboraids deep into Germany would have
placed on the Reich might have induced Hitler t few peace. Such speculation is
intriguing, but pointless. Whad certain is that the appearance of the Merlin-peder
Mustang in Europe changed the face of air comtsethnd hastened the demise of the

Luftwaffe as an effective aerial fighting force.
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APPENDIX A
TABULATED AIRPLANE PERFORMANCE DATA

In the present work the performance charactesistidour aircraft are considered,
two from the American Army Air Force (USAAF) andavirom the German Air Force
(GAF - the Luftwaffe). The aircraft considered figtailed analysis herein are the North
American P-51D Mustang and the Republic P-47D Teuoalt for the Americans and
the Messerschmitt 109G Gustav and the Focke W@AIButcherbird for the Germans.
Physical and performance characteristics of theseat are shown in Table A.1 on the
next page. Sources for these data are found iBitimgraphy as follows: Books by
Land (1981), Perkins (1948), and Hoerner (1958) amdrnet Addresses

www. luftfahrtmuseum.comwww.warbirdresourcegroup.orgnd www.acepilots.com

The data for propeller and airframe efficiencies oaly be acquired through
comprehensive testing. Appropriate test data weteavwailable to the author, so arbitrary
values of 0.85, which are typical, were selectedHese efficiencies. The engine
efficiency relating shaft power to brake powerssially high, so a value of 1.0 was
assumed. Variations in the listed horsepowerdbjext engines compensates for the
small errors incurred by this assumption. At aatefthe values of these quantities are
not sufficiently critical in the energy maneuvetipianalyses to affect the comparative

outcomes.
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Table A.1

Characteristics of Fighter Aircraft Considered

Airplane NA P-51 Rep. P-47C ME 109G FW 190A
Parameter Mustang Thunderbolt Gustav Butcherbird
Wingspan
b (ft.) 37.00 40.75 32.74 34.46
Planform area
S (sq. ft.) 272.30 332.20 176.10 197.00
Aspect Ratio
AR = IF/S 5.03 5.00 6.09 6.03
Drag area
f=GoS 3.85 6.33 5.65 5.11
Combat weight
W (Ibf.) 10,100 14,600 6,700 9,650
Engine power
P (HP) 1,675 2,000 1,500 1,500
Drag area
f (ftd 3.85 6.50 5.65 5.88
S.L. Stall speed
Vs (mph) 110 110 112 118
Max. speed
Vi (Mmph) 437 430 395 400
Service ceiling
h (ft.) 41,900 42,000 38,550 37.400
Rate of climb
hs (ft./min.) 3,455 2,800 3,345 3,450
Range (mi.)
June 1943 200 340
Jan 1944 475 375
March 1944 650 425
April 1944 850 475

Note: Propeller and airplane efficiencies are agslito be 0.85 for the four aircraft

considered in this analysis.
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APPENDIX B

AIRPLANE PERFORMANCE ANALYSISMETHODS

Horizontal plane analysis

In order for the reader to understand the perfomeaomparisons for combat in the
horizontal plane using the "doghouse" plot descrilbbeChapter 4, it is necessary to present
the functional relationships involved. Thus, westnshow the relationship between turning

rate and velocity in terms of aircraft charactésst This is given by Equation (B.1) below:

2

2
C pV S
_9 \/ ~1 (B.1)

where n = load factor, the ratiditbto weight
gravitational acceleration
aircraft forward velocity

aircraft weight

wing planform area

airplane lift coefficient

air mass density

T Ons<a
I TETR Iy

Now, the left-hand arc of the plot up to tiaximum dine is determined by the stall
characteristics of the airplane. For this casditheoefficient, G, is a maximum, and it is a
guantity determined by the shape of the airplamgwindependent of the flight trajectory or
of the atmosphere. The so-called roof of the dogk plot is the locus of points that
represent a limiting g-force on the pilot. Forpases of this analysis a value of 6.0 is
selected here to be consistent with the accepaedatds for World War Two combat in
which the pilots did not wear modern "g"-suits lieaate the blood-pooling problem

endemic in high-g maneuvers. The limiting g-loadiine is, thus, given by the equation

9+/35 (B.2)

Zglimit = \Vj
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Other lines of constant g-loading are also showthergraph. Finally, the right hand limit of
the doghouse plot is fixed by the maximum speeith@fircraft at the specified altitude.

V= Max (B.3)
The lines defined by equations (B.1) through (BoBin the boundaries of the "doghouse”
plot, and they are shown in red in Figure 4.4. @iagonal black line with negative slope
in this figure gives the value of maximum turnirge as a function of velocity that the
aircraft can achieve without experiencing a losgain of altitude. A point on this line is

determined for a given velocity by first calculaithe load factor,# with the equation:

b
550 HP C, p°
n, = 1 To £ Vo Py (B.4)
We 2+ s a1
7 eAR 7 eAR
where 7, = propeller efficiency
HP = engine horsepower

C, = zero lift drag coefficient = 2 PNV?S

airplane efficiency factor
wing aspect ratio = (spahp

Then, the corresponding best turn rate is calcdltethe same velocity with the equation:

N

. g n, — 1
Fp = (B.5)

Other lines that are helpful in analyzing the aftperformance from the doghouse plot are
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lines of constant turning radius, R, and constaadl ffactor, n. The turning radius is given by

Equation (B.6) as follows
R=Y (B.6)
V4

Finally, the constant load factor line is calcuthfer a given turn rate and velocity by the

equation

_ g4n°-1
o= v (B.7)

Note that the turn rate depends on the airplaag firrce and g-loading. The drag
force, in turn, depends on the friction and flovp@etion drag and on the lift force produced
in the turn. These characteristics can be caledlfdr each aircraft configuration. In the
present work this is done for each aircraft congdeaising the same reference data and
methods. Tabulated values of these physical arfdrp@ance quantities for the aircraft
considered for comparison in Chapter 5 are showippendix A. Results of the above
analyses for the four subject test aircraft of thesis are shown in Chapter 5, Figures 5.6
through 5.9.

Vertical plane analysis

The determination of .climb performance considdrect is a quasi-steady-state
analysis. That is, the aircraft is assumed tanbeimgs-horizontal flight, and its performance
at each altitude is determined from instantaneaiiseg of important parameters at that
altitude. The characteristic chart that can bel dseperformance comparisons in this case is
the altitude - versus velocity graph shown in Feggar5. The left-hand branch of the curve is

locus of points representing the slowest speedtleatircraft can fly as a function of

82



altitude. This is simply the stall speed, and ijiven by the equation:

= Vstall \/g (88)

stall, sealevel

altitude

The right-hand branch of the curve represents @rdmum velocity attainable by the

aircraft as a function of altitude. Since the powetput of a given engine-propeller
combination is not generally linear with altitu@e equation similar to equation (A.7) cannot
be used to determine power output as a functiaitibfide. In fact, the power output of an
engine-propeller combination at a given airplanieciey can be made almost independent of
altitude over a large range of altitudes with tke of a supercharger. It will be recalled from
Chapter 2 that the use of the supercharged Rolsdrengine in place of the Allison engine
in the Mustang produced a dramatic change in thieqmeance of the airplane. Appropriate
supercharged engine data are available for ugeipresent analysis. In any case, the right-
hand branch of the vertical performance curve whigresents the maximum velocity
attainable by the aircraft is determined when tlaimum power put out by the engine-
propeller combination at a given altitude is exaetjual to the airplane drag power at the
same altitude.

Important performance parameters for flight in vketical plane, in addition to stall
speed and maximum speed, are the maximum ratéwd,dhe maximum angle of climb and
the time to climb between altitudes. In the analp$ combat performance, the rate of climb
is the most important of these parameters, arsdthte only one considered in the present
study.

The rate of climb for an aircraft depends on theees power it can generate at a
given altitude. The excess power is the differdmetsveen the power generated by the

engine-propeller combination {JPand the resistive power generated by friction #oma
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separation on the airplaneg( D V). Thus, the rate of climb is determingdtbhe

following equation:

h = = B.8

W W (B.8)
where h = rate of climb usually given in units oéfeper minute

SHP = shaft horsepower available

k = unit conversion factor

n, = propeller efficiency

D = airplane drag force

\% = airplane velocity

W = airplane weight

Tabulated values of these parameters for the Aaerand German aircraft of interest
are shown in Appendix A. Also shown is the maximate of climb available to the
subject fighters at an altitude of 25,000 feet. tiAesaircraft approaches it ceiling, the rate of
climb decreases to zero. Téervice ceilings a standard used to define the useful ceiling of
an aircraft. It is the altitude for which the aaft achieves a rate of climb of 100 feet per
minute. It should be noted that the dive speedheiWorld War Two aircraft considered
here was often limited by structural rather tharigrgenance considerations. In this regard,
the Republic P-47 was by far the most structunaityged of the four aircraft considered. It
IS no surprise that, since it was also the heawedthad the most powerful engine, it could
out-dive any of the other aircraft considered. t@nother hand, it can be seen from Table
A.1 that the P-47 also had the poorest climbindoperance.

The computational algorithms and tabulated resiltee horizontal plane analyses
for the P-5IMustang P-47Thunderbolt ME 109Gustavand FW 19@utcherbirdare given

in the following pages. These tables constitugeftlur curves that make up the
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maneuverability graphs presented in Figures 5@utin 5.9 in Chapter 5. The four curves

are as follows:

1. The stall line. This is the left-hand boundime on the graph given by
Equation (B.1).

2. The limit load factor line. This is the tapd on the graph given by
Equation (B.2)

3. The maximum velocity line. This is the rightst boundary of the graph given
by Equation (B.3)

4. The coordinated turn line. This is the intedmte line on the graph with a
negative slope that emanates from the stalldm&terminates at maximum
velocity on the zero-turn line. This line is eehined from Equation (B.5) after
computing the load factor from Equation (B.4)

These results are calculated with the computéwsoé, MATHCAD 14.0. The

computational algorithm for each calculation isgemted prior to the presentation of the

tabulated results.
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Calculationsfor the P-51B Mustang
Altitude = 25,000 feet

1. The stall line

Load Factor Yaw Rate Velocity

(deg/sec) (mph)
1.0 0.00 164.36
1.2 4.64 180.05
1.4 6.34 194.48
1.6 7.56 207.90
1.8 8.54 220.52
2.0 9.37 232.44
2.2 10.11 243.79
2.4 10.78 254.63
2.6 11.39 265.03
2.8 11.96 275.03
3.0 12.50 284.68
3.2 13.01 294.02
3.4 13.49 303.07
3.6 13.95 311.86
3.8 14.39 320.40
4.0 14.82 328.73
4.2 15.24 336.84
4.4 15.64 344.77
4.6 16.02 352.52
4.8 16.40 360.10
5.0 16.77 367.53
5.2 17.13 374.80
5.4 17.48 381.94
5.6 17.82 388.95
5.8 18.16 395.84
6.0 18.49 402.60
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Calculationsfor the P-51B Mustang
Altitude = 25,000 feet

2. The load factor limit line (n = 6.0)

Velocity Yaw Rate
(mph) (deg/sec)
374 16.47
376 16.38
378 16.30
380 16.21
382 16.13
384 16.04
386 15.96
388 15.88
390 15.79
392 15.71
394 15.63
396 15.56
398 15.48
400 15.40
402 15.32
404 15.25
406 15.17
408 15.10
410 15.02
412 14.95
414 14.88

3. Maximum velocity line (Valid for all yaw rates)

V = \x = 437 mph
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Calculationsfor the P-51B Mustang
Altitude = 25,000 feet

4. Constant altitude coordinated turn

Velocity
(mph)

140
160
180
200
220
240
260
280
300
320
340
360
380
400
420
437

Load Factor

88

1.53
1.63
1.71
1.78
1.84
1.88
1.92
1.93
1.93
1.91
1.86
1.78
1.67
1.51
1.28
1.00

Yaw Rate
(deg/sec)

10.45
10.10
9.69
9.27
8.82
8.37
7.91
7.42
6.92
6.38
5.80
5.16
4.44
3.56
2.37
0.00



Calculations for the P-47C Thunderbolt
Altitude = 25,000 feet

1. The stall line

Load Factor Yaw Rate Velocity

(deg/sec) (mph)
1.0 0.00 164.36
1.2 4.64 180.05
1.4 6.34 194.48
1.6 7.56 207.90
1.8 8.54 220.52
2.0 9.37 232.44
2.2 10.11 243.79
2.4 10.78 254.63
2.6 11.39 265.03
2.8 11.96 275.03
3.0 12.50 284.68
3.2 13.01 294.02
3.4 13.49 303.07
3.6 13.95 311.86
3.8 14.39 320.40
4.0 14.82 328.73
4.2 15.24 336.84
4.4 15.64 344.77
4.6 16.02 352.52
4.8 16.40 360.10
5.0 16.77 367.53
5.2 17.13 374.80
5.4 17.48 381.94
5.6 17.82 388.95
5.8 18.16 395.84
6.0 18.49 402.60
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Calculations for the P-47C Thunderbolt
Altitude = 25,000 feet

2. The load factor limit line (n = 6.0)

Velocity Yaw Rate
(mph) (deg/sec)
402.6 18.49
404.6 18.39
406.6 18.30
408.6 18.21
410.6 18.13
412.6 18.04
414.6 17.95
416.6 17.87
418.6 17.78
420.6 17.70
422.6 17.61
424.6 17.53
426.6 17.45
428.6 17.36
430.6 17.28

3. Maximum velocity line (Valid for all yaw rates)

V = Mx = 430 mph
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Calculations for the P-47C Thunderbolt

Altitude = 25,000 feet

4. Constant altitude coordinated turn

Velocity
(mph)

140
160
180
200
220
240
260
280
300
320
340
360
380
400
420
430

Load Factor
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1.49
1.59
1.67
1.73
1.79
1.83
1.86
1.87
1.86
1.82
1.76
1.66
1.52
1.31
1.08
1.00

Yaw Rate
(deg/sec)

10.45
10.10
9.69
9.27
8.82
8.37
7.91
7.42
6.36
5.81
5.20
4.51
3.69
2.61
0.09
0.00



Calculationsfor the M E 109G Gustav
Altitude = 25,000 feet

1. The stall line

Load Factor Yaw Rate Velocity

(deg/sec) (mph)
1.0 0.00 167.35
1.2 4.51 183.32
1.4 6.17 198.01
1.6 7.36 211.68
1.8 8.31 224.53
2.0 9.12 236.67
2.2 9.84 248.22
2.4 10.59 259.26
2.6 11.09 269.85
2.8 11.64 280.03
3.0 12.17 289.86
3.2 12.66 299.37
3.4 13.13 308.58
3.6 13.58 317.53
3.8 14.01 326.23
4.0 14.43 334.70
4.2 14.83 342.97
4.4 15.22 351.04
4.6 15.60 358.93
4.8 15.96 366.65
5.0 16.32 374.21
5.2 16.67 381.62
5.4 17.01 388.89
5.6 17.34 396.02
5.8 17.67 403.03
6.0 17.99 409.92
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Calculationsfor the M E 109G Gustav
Altitude = 25,000 feet

2. The load factor limit line (n = 6.0)

Velocity Yaw Rate
(mph) (deg/sec)
374 16.47
376 16.38
378 16.30
380 16.21
382 16.13
384 16.04
386 15.96
388 15.88
390 15.79
392 17.71
394 15.63
395 15.60

3. Maximum velocity line (Valid for all yaw rates)

V = Mx = 395 mph
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Calculationsfor the M E 109G Gustav
Altitude = 25,000 feet

4. Constant altitude coordinated turn

Velocity
(mph)

140
160
180
200
220
240
260
280
300
320
340
360
380
395

Load Factor
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2.07
2.19
2.29
2.37
2.43
2.46
2.47
2.45
2.39
2.29
2.12
1.87
1.49
1.00

Yaw Rate
(deg/sec)

16.26
15.29
14.38
13.50
12.65
11.80
10.94
10.05
9.11
8.08
6.92
5.54
3.67
0.00



Calculations for the FW 190 Butcherbird
Altitude = 25,000 feet

1. The stall line

Load Factor Yaw Rate Velocity

(deg/sec) (mph)
1.0 0.00 174.82
1.2 4.32 191.51
1.4 5.91 206.85
1.6 7.04 221.13
1.8 7.96 234.55
2.0 8.73 247.24
2.2 9.42 259.30
2.4 10.04 270.83
2.6 10.61 281.89
2.8 11.15 292.53
3.0 11.65 302.80
3.2 12.12 312.73
3.4 12.56 322.36
3.6 13.00 331.70
3.8 13.41 340.79
4.0 13.81 349.64
4.2 14.19 358.28
4.4 14.57 366.71
4.6 14.93 374.95
4.8 15.28 383.02
5.0 15.62 390.91
5.2 15.96 398.66
5.4 16.28 406.25
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Calculations for the FW 190 Butcherbird
Altitude = 25,000 feet

2. The load factor limit line (n = 5.0)

Velocity Yaw Rate
(mph) (deg/sec)
390.9 18.49
392.9 18.39
394.9 18.30
396.9 18.21
398.9 18.13
400.0 18.09

3. Maximum velocity line (Valid for all yaw rates)

V = Mx = 400 mph
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Calculations for the FW 190 Butcherbird

Altitude = 25,000 feet

4. Constant altitude coordinated turn

Velocity
(mph)

140
160
180
200
220
240
260
280
300
320
340
360
380
400

Load Factor

97

1.59
1.68
1.76
1.82
1.88
1.91
1.92
1.92
1.89
1.83
1.73
1.58
1.36
1.00

Yaw Rate
(deg/sec)

11.06
10.61
10.11
9.60
9.07
8.52
7.95
7.35
6.71
6.00
5.21
4.26
3.03
0.00
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