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Step 1: Theoretical Basis of Altitude Derating

When an internal combustion engine is operated at high altitudes, the surrounding atmospheric
pressure decreases. Because the ambient pressure drops, the density of the air entering the
engine's intake manifold decreases. This results in a lower mass flow rate of oxygen available
for the combustion process per stroke. For a naturally aspirated or non-fully compensated
engine, this necessitates a reduction in fuel delivery to maintain the proper air-fuel ratio,
resulting in a loss of maximum power output (derating).

According to standard power plant design conventions considering pressure effect only, the
developed power at a given altitude (P.) is directly proportional to the ratio of the local
barometric pressure (B) to the standard sea-level barometric pressure (Bs = 29.92-inHg):

Pe:PS(zfgz)

Step 2: Estimating Local Barometric Pressure (B) at Altitude

An empirical engineering rule of thumb dictates that barometric pressure decreases by roughly
1-inHg for every 1,000 ft of elevation rise above sea level. To find the local pressure B, we must
first convert our metric altitude into imperial feet:

Height in feet (h) = (1,900.3 m)(3. 28 %) = 6,232.984 ft

Now, applying the barometric pressure drop reduction formula:

h
1000

6,232.984 ft
1000 ft

B =29.92 — = 29.92inHg — = 23.6870 inHg

This indicates that at an elevation of nearly 1.9 km above sea level, the available atmospheric
pressure has dropped by approximately 20.83%.

Step 3: Determining the Derated Power Output (P.)

With our local barometric pressure established, we substitute the standard sea-level rating
(Ps = 3.0 MW) into our linear pressure-loss proportion equation:

_ 23.6870inHg \ _
P, = 3.0 Mw(EITEAL) = 2,375 MW

The reduction of power from 3.0 MW down to 2.38 MW represents a severe 20.7% capacity
loss. For a power plant engineer, this means that a generator set purchased at a premium for
its 3 MW standard catalog rating will fail to meet expected peak loads if it is installed in
high-altitude environments (such as mountainous mining operations or high plains regions)
unless design changes are implemented.

In modern power plant installations, this dramatic capacity loss is rarely accepted passively.
Mechanical engineers bypass this natural pressure limitation through Turbocharging and
Intercooling:
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e Turbochargers use exhaust gas energy to pre-compress the thin ambient air before
forcing it into the cylinders, effectively raising the intake pressure back up to or above
sea-level standards (referred to as altitude compensation).

e However, if the engine remains naturally aspirated, engineers must deliberately
downsize the electrical alternator matching or accept the decreased mechanical capacity
to protect the engine from running too rich, overheating, and generating excessive
soot/particulate damage.
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