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THE FIGHTER
PILOTS" GUIDE
10 COMPRESSOR

STALLS

By Lt Col Timothy A. Kinnan
In collaboration with Dr. William H. Heiser
Distinguished Visiting Professor,
USAF Academy

Every fighter pilot has stories to tell about
compressor stalls, surges, and related engine
misadventures. But how many of us really
understand these phenomena?

It's a widespread problem. There were 599
reportable compressor stalls last year in TAC. But
this number is understated since most stalls are
reported only if they lead to overtemp, flameout,
intentional shutdown, or damage.

And it's a complicated problem. Each new
generation of aircraft engines has included efforts
to design out compressor stalls. We thought we had
done pretty well with the J-79—until we put leading
edge slats on the F-4E. A by-product of flying the
Phantom at higher angles of attack is increased
stalls. Despite our best efforts, the compressor stall
remains a fact of life in modern fighters. Since the
F-15 and F-16 have entered the force, we've added
terms like stagnation and nonrecoverable stall to
our vocabulary.
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My purpose in this article is to explain in
layman's terms how compressor stalls occur.

Very basically, a compressor can be thought of
as a fan that pulls air through the tube. If the tube
behind the fan is constricted, the air becomes
compressed (Figurel). If we install a valve to adjust

the size of opening behind the fan, we can vary the
amount of compression. By reducing the size of the
valve opening, air flow through the tube will
decrease and the amount of compression will
increase.

In Figure 2, compression (pressure rise) is on the

vertical axis, and amount of flow is on the horizontal
axis. Because we hold rpm constant during this
experiment, the solid line is called a constant speed
line. As we open and close our valve, the
compressor operating point moves back and forth
along the line.

Since the compressor blades are airfoils creating
lift, you can visualize their angle of attack
increasing as the valve closes. Like all airfoils, they
can reach a point where the flow separates from
them and they stall (stall point in Figure 2). An
important fact you won't read in your Dash One is
that the compressor design point, for peak
efficiency and high compression, is as close as
reasonably possible to the stall point. This is
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significant, because it means the compressor
doesn't have to deviate very far from normal flow
before it stalls. When that occurs, the blades can
no longer effectively pull the air through the tube;
so the flow decreases drastically, and the
compression drops. This is depicted in Figure 3

3
/

as a sudden departure from the unstalled constant
speed line, a move from point a (stall point) to point
b.

Intuitively, it would seem you could unstall the
compressor by opening the valve a little bit, putting
you back at point a, right? Wrong. Once the blades
are stalled, the flow through the compressor is
reduced to the point that the blades remain stalled.
When the valve is opened, we now move up a new
line, the stalled constant speed line, from point b
towards point c. Once the compressor has moved
onto the stalled constant speed line, it will stay
there forever unless some action is taken, in this
case opening valve sufficiently to get to the unstall
point, c. At point ¢ enough air is moving through the
compressor that the blades' angle of attack is
reduced below the stall point. When that happens,
we jump back up to point d on the unstalled
constant speed line. We say that the stall is now
cleared.

It's worth noting that the blades don't stall
uniformly. There will be patches of dead flow and
patches of almost full flow. These patches would
like to be stationary with respect to the compressor,
but they can't decide whether to cling to the
stationary vanes (stators) or turning blades (rotors).
As a result, they split the difference and rotate at
one half the rotor speed. Hence, the name “rotating
stall” has become associated with the stalled
constant speed line.

So much for theory. Now let's attach our
compressor to a combustor, put a turbine behind
the combustor (which we'll use to drive the
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compressor) and bolt it behind the inlet of a fighter.
The valve behind the compressor in our theoretical
engine has been replaced in the actual engine by
turbine inlet guide vanes. The compressor operates
in much the same manner as before, and either
distorting the flow into the compressor or raising the
pressure behind it will have the same effect (cause
a stall) as closing the theoretical valve.

There are three general ways to distort the flow
into or raise the pressure behind the compressor:
compressor damage, engine malfunctions, and pilot
inputs. Compressor damage, usually the result of
FOD or birdstrikes, can distort the flow, and the inlet
and engine controls have no way to compensate.
Engine malfunctions can result from many things,
such as material failure or improper engine rigging.
The cause that you have the most control over is,
of course, pilot inputs. If you make abrupt changes
in angle of attack or sideslip angle, particularly in
the upper left portion of the flight envelope, the inlet
flow can be sufficiently distorted to cause a stall. If
you combine that with throttle movements,
particularly into and out of the afterburner range,
you can send pressure pulses upstream through
the turbine and backpressure the compressor.

Let's take a look at what happens in real life.
You're flying an F-4, and you've just lured an
aggressor into gun range. You're slow at 28,000
feet when you start a rolling break while lighting
your afterburner. Pop! As our compressor stalls, the
operating point starts down the line from point a to
point b just as before. But real engines have an
added complication: there’s a big space right
behind the compressor in the combustor. This
space has the ability to store energy (or pressure)
when the flow through the compressor suddenly
drops, and then to release that energy (like a spring
in a mechanical system). The result is shown in
Figure 4. The operating point starts down toward b,
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but as it arrives, the combustor releases its stored
energy, and the compressor rebounds past points
b, ¢, and d to return to point a. If the condition
which caused the stall is still present, the
compressor will stall again. This cycle repeats itself
hundreds of times a second. During each cycle, the
flow can actually reverse itself. The fuel/air mixture
ignites in the combustor and actually goes
backwards through the compressor and out the
inlet. Any fighter pilot knows the result: loud noise
(the hundreds of cycles actually sound like one
loud thump or pop), spectacular flames out both
ends of the airplane, and in airplanes like the F-100,
where the pilot sits over the inlet, his feet get
knocked off the rudder pedals.

Fortunately, the duration of the event is so short
that it seldom results in damage. More importantly,
it is so obvious that something is wrong that the
corrective action is obvious—even instinctive. Once
you've stopped doing whatever you were doing, the
compressor's operating point usually returns to the
unstalled speed line and you're back in business.
This process is called “surge,” and the loops
around the chart in Figure 4 are called “surge
cycles.”

The previous discussion of the F-4 versus
Aggressor engagement is not entirely pertinent to
the F-15 and F-16. What's different in the F100
engine? Among the advances in the evolution of jet
engines have been relatively smaller, lighter and
more efficient combustors. The new combustors
are less capable of storing enough energy to cause
the compressor to go into a surge cycle. Other
changes in the design of the compressor itself can
also reduce the ability of the system to spring back
towards point a. The result is that the compressor
tends to spiral down to point b and damp out as
shown in Figure 5. No bangs; no flames; just greatly
diminished compressor performance. As | said
before, the compressor is very happy to operate
there forever until we take action to get it off the
stalled constant speed line.
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But we don't have a valve to open to get to point
¢ as we did in the theoretical case. Rather, in most
cases, we have to shut the engine down and start
over. This is the type of stall that has emerged as
our most serious problem, and it goes by many
names: stagnation stall, nonrecoverable stall, and
rotating stall. Whatever the name, the result is a
loss of thrust, decaying rpm, little indication to the
pilot, and possible engine damage from high
temperatures.

Is there a moral to the story? You can certainly
improve your odds by knowing your engine’s
operating restrictions, particularly for afterburner
operation and by realizing that stalls are the result
of the whole engine system working together. You
are in charge of that system. Be aware of the
problem; the sooner you recognize a stagnation
stall, the more time (altitude) you have to work the
problem, and the less chance of damaging the
engine. Respect your engine and it will pay you
back with reliable operation. Abuse it and
lose it. 520

For those readers interested in a more rigorous and
detailed discussion of compressor stalls, Dr. William H.
Heiser will publish an article in Aeronautics Digest this
September. This periodical is edited by the Department of
Aeronautics at the U.S. Air Force Academy. To receive a
copy, contact USAFA/DFAN, USAFA, Colorado, 80840,
AUTOVON 259-4010.
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® The proper towing speed
is 55 mph. Have you ever been
driving a pickup on the flight line
and been passed by an aircraft
that's being towed by a Coleman
(MB-4) and tow bar? | have

received phone calls from my
boss asking me if tail number
074 qualified for the Indy 500.
Then he asks for my presence in
his office. Believe me, flight
chiefs don't need this.

e Yellow lines on the flight
line and taxiways are just for
pilots. | have spent hours
helping dig aircraft tires out of
the mud because some yo-yo
towed the aircraft 20 feet to the
side of the center yellow line.

Please be assured, when a
landing gear sinks in the dirt off
the taxiway, you will receive swift
attention and plenty of help
pulling it out. Every agency that
is even remotely related to
aircraft maintenance will honor
you with their presence.
However, your flight chief won't
be there; he or she will be
explaining to the boss why, in the
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middle of a tow, one of his
maintenance people changed his
career field to civil engineering.

e Checking the AFTO Form
373 (Operator’s Inspection
Guide) is only required when
the tow vehicle runs out of gas
or the transmission quits for
no apparent reason. Nothing
turns my hair gray quicker than
hearing someone say, “Just keep
pumping the brake; it will
eventually stop." And when the
Coleman breaks down, there is
the mad rush to sign off all the
missing daily inspections—or
worse, the driver will suddenly
realize it's a different month than
the one printed on the form.

e Once the tow starts is a
good time for the vehicle
operator to take a break. The
break lasts until the aircraft
reaches its destination, with or
without him. Would you believe
some operators have been
known to smoke, drink, talk, and
read while driving a vehicle

pulling a multimillion-dollar
aircraft? Sure, we've read about
them; and like the postman, they
do it in the fog, rain, snow, and
ice. Flight chiefs have been
known to seek other employment
when accidents occur under
these circumstances.

e The only qualification for
tow team supervisors is being
able to pick (within three
guesses) the base that he or

she is assigned to. In fact, the
tow team supervisor is
responsible for the entire
operation. Period. If there is any
doubt or question about being
able to safely proceed, he or she
is required to stop the towing
operation.

Let's face it, towing an aircraft
is easy, and these pitfalls can be
avoided. But anyone on a tow
team can ruin the unit's safety
record just by not paying
attention. The solution to
problems like these that
sometimes occur while towing an
aircraft between points A and B
is integrity. Don't hurt yourself
or damage the aircraft you
maintain. Do it right, and save
your flight chief some
aggravation that he or she
doesn't need. -
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SAFETY AWARDS

CREW CHIEF SAFETY AWARD

During an operational readiness exercise, SGT
MARK T. HUNT was in the process of preparing his
aircraft for taxi when he noticed an aircraft taxiing
by that had the safety pin to the front ejection seat
still installed; the pin and bag were on top of the
seat. Sergeant Hunt took immediate action. He
directed the aircraft to stop, connected the
intercom, and informed the aircrew of the
situation. If the safety pin had gone undetected,
the pilot would not have been able to use the
primary ejection handle.

Sergeant King’s actions exemplify a dedicated
crew chief. His attention to detail, quick
assessment, and quick action reduced the
potential for a serious mishap to occur.

INDIVIDUAL SAFETY AWARD

A1C JEFFERY P. KING was driving a forklift to a
parked L-188 Logair aircraft when he spotted
flames and smoke coming from the emergency
brake of a 25 K-loader that was going toward the
same aircraft. Airman King knew the aircraft
contained Class B explosives, so he overtook the
K-loader and warned the driver of the situation.
The driver of the K-loader stopped his vehicle.

Airman King then stopped his forklift,
chocked it, grabbed his fire extinguisher, and ran
to fight the fire. When his extinguisher ran out, the
fire was still burning; so Airman King looked for
another extinguisher, found one near the aircraft,
wheeled it over to the burning K-loader, and
extinguished the fire.

Airman King displayed a high degree of safety
awareness. He took control of a serious situation
that minimized damage to the K-loader and kept
the aircraft from being harmed.
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