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ABSTRACT

The mathematical algorithms were developed r
evaluating the Heating, Ventilating and Air Conditioning
(HVAC) loads and the associated transient thermal
responses r mobile shelters used by the United States
Armmy. The algorithms have provisions Hr determining
the heating and cooling loads needed fr sizing HVAC
equipment Pr shelters. The algorithms will accommodate
the energy gains of equipment and personnel, and HVAC
equipment operational fatures. These algorithms are
based on the ASHR AE energy balance principles as
presented in the 2001 ASHRAE Handbook of
Fundamentals.

The computational techniques use simultaneous
transient energy balances on the various surfices and
components ofa shelter. The shelter assessment model is
based upon a multi-node lumped-capacity model.

An algorithm is included r determining ifthe
required psychrometric process r a particular cooling
application is possible. Under certain loading and
environmental conditions, it may not be impossible to
achieve the desired inside temperature and humidity
conditions with simple air conditioning equipment. For
instance, an air conditioner for a shelter with a high latent
load (low sensible heat ratio) may be unable to remove
enough moisture to maintain the specified indoor design
conditions. The algorithm determines if adequate
condensation can occur at the cooling coil by checking to
see if the process path through the coil approaches the
saturation line on the psychrometric chart (at the
apparatus dew point).
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The algorithms described above are the foundation of
anew environmental assessment model r shelters. The
environmental assessment model has the ability to
determine heating and cooling loads fr shelters at
specified locations or under standard outdoor
environmental conditions. The user is able to select
weather data ffom various geographic sites around the
world. Altematively, the user can specify the standard
environmental conditions designated by the US Army
(AR 70-38).

This model diférs from standard HVAC load models
in the orm of transient responses that are predicted fr
the shelter. Currently available commercial and public
domain HVAC models predict transient load variations
and energy usage based upon a fixed inside design
temperature. The new shelter environmental assessment
model has the ability to predict inside temperature as a
function of variations in environment condition, HVAC
equipment performance, and inside load conditions.

NOMENCLATURE

material density, kg/m?

material specific heat, kJ/kgK

material volume, m®

wall thickness, m

material thermal conductivity, W/mK
outside wall convection coefficient, W/m?’K
inside wall convection coefficient, W/m?K
convection coeflicient fr the equipment mass
node, W/m*K

radiation heat transgr coeflicient ©r the inside
surfices, W/m’K
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