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SPECIAL NOTE

This American National Standard (ANS) is a national voluntary consensus standard developed under the auspices of the American
Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE). Consensus is defined by the American National Standards
Institute (ANSI), of which ASHRAE is a member and which has approved this standard as an ANS, as “substantial agreement reached
by directly and materially affected interest categories. This signifies the concurrence of more than a simple majority, but not necessarily
unanimity. Consensus requires that all views and objections be considered, and that an effort be made toward their resolution.”
Compliance with this standard is voluntary until and unless a legal jurisdiction makes compliance mandatory through legislation.

ASHRAE obtains consensus through participation of its national and international members, associated societies, and public
review.

ASHRAE Standards are prepared by a Project Committee appointed specifically for the purpose of writing the Standard. The
Project Committee Chair and Vice-Chair must be members of ASHRAE; while other committee members may or may not be ASHRAE
members, all must be technically qualified in the subject area of the Standard. Every effort is made to balance the concerned interests
on all Project Committees.

The Manager of Standards of ASHRAE should be contacted for:

a. interpretation of the contents of this Standard,

b. participation in the next review of the Standard,

c. offering constructive criticism for improving the Standard,
d. permission to reprint portions of the Standard.

DISCLAIMER

ASHRAE uses its best efforts to promulgate Standards and Guidelines for the benefit of the public in light of available information
and accepted industry practices. However, ASHRAE does not guarantee, certify, or assure the safety or performance of any
products, components, or systems tested, installed, or operated in accordance with ASHRAE’s Standards or Guidelines or that
any tests conducted under its Standards or Guidelines will be nonhazardous or free from risk.

ASHRAE INDUSTRIAL ADVERTISING POLICY ON STANDARDS

ASHRAE Standards and Guidelines are established to assist industry and the public by offering a uniform method of testing
for rating purposes, by suggesting safe practices in designing and installing equipment, by providing proper definitions of this
equipment, and by providing other information that may serve to guide the industry. The creation of ASHRAE Standards and
Guidelines is determined by the need for them, and conformance to them is completely voluntary.

In referring to this Standard or Guideline and in marking of equipment and in advertising, no claim shall be made, either
stated or implied, that the product has been approved by ASHRAE.
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(This foreword is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.)

FOREWORD

This is a reaffirmation of ASHRAE Standard 94.3-1986.
This standard falls under the Standards Committee classifica-
tion of Standard Method of Measurement. This standard was
prepared under the auspices of the American Society of Heat-
ing, Refrigerating and Air-Conditioning Engineers (ASHRAE).
It may be used, in whole or in part, by an association or govern-
ment agency with due credit to ASHRAE. Adherence is strictly
on a voluntary basis and merely in the interests of obtaining
uniform standards throughout the industry.

Preparation of this standard was done by a group of vol-
unteers representing users, design engineers, manufacturers,
scientists, and the federal government. Work sponsored by the
U.S. Department of Energy and the Electric Power Research
Institute in the solar and off-peak energy programs at govern-
ment laboratories and universities has been especially helpful.
Particular thanks go to Roger Cole of Argonne National Labo-
ratory for his definitive work in creating and preparing this
revised standard. James Martin of Oak Ridge National Labo-
ratory and Professor M.W. Wildin of the University of New
Mexico made significant contributions.

The changes made for the 2006 reaffirmation were
updates to the references.

1. PURPOSE

The purpose of this standard is to provide a standard
procedure for determining the thermal performance of sensi-
ble thermal energy storage devices used in heating, air-condi-
tioning, and service hot water systems.

2. SCOPE

2.1 This standard applies to sensible-heat-type thermal
energy storage devices in which a transfer fluid enters the
device through a single inlet and leaves the device through a
single outlet. Storage devices having more than one inlet and/
or outlet may be tested according to this standard, but each
flow configuration involving a single inlet and single outlet
must be tested separately. This standard is not applicable to
those configurations in which there is simultaneous flow into
the storage device through more than one inlet and/or simul-
taneous flow out of the storage device through more than one
outlet. The transfer fluid can be either a noncondensing gas or
a liquid.

2.2 This standard does not include factors relating to cost,
life, reliability, or the consideration of requirements for inter-
facing with specific heating and cooling systems.

2.3 The test procedure and equipment outlined in this stan-
dard are most easily adaptable to devices used to store thermal
energy on the order of 107 Btu (101 7) or less.

3. DEFINITIONS

The following definitions are stipulated for this docu-
ment:

ambient air: the air in the space surrounding the thermal
energy storage device.

buoyancy-inertial parameter: a parameter derived from the
dimensionless Richardson number relating fluid inertial forces
to buoyancy forces in a storage device. See Equation (8).

charge capacity: the amount of heat that can be transferred
into the storage device during a period of time and for a
specific set of values for the initial temperature of the storage
device, the temperature of the entering fluid, and the mass flow
rate of fluid through the storage system.

charge test time: the duration of a single transient test in which
energy is added to the storage device.

discharge capacity: the amount of heat that can be removed
from the storage device during a period of time and for a
specific set of values for the initial temperature of the storage
device, the temperature of the entering fluid, and the mass flow
rate of fluid through the storage system.

discharge test time: the duration of a single transient test in
which energy is removed from the storage device.

heat loss rate: the rate at which heat is lost from the storage
device per degree temperature difference between the average
storage medium temperature and the ambient temperature (or
ground temperature, if the storage device is buried).

standard air: air weighing 0.075 Ib/ft® (1.2 kg/m?), which
approximates dry air at a temperature of 70°F (21.1°C) and a
barometric pressure of 29.92 in. of Hg (101.3 kPa).

standard barometric pressure: the barometric pressure of
29.92 in. of Hg (101.3 kPa) at 32°F (0°C).

storage device: the container(s) plus all contents of the
container(s) used for storing thermal energy. The transfer fluid
and accessories such as heat exchangers, flow-switching
devices, valves, and baffles that are integral with the thermal
storage container(s) are considered a part of the storage
device.

storage medium: the material in the storage device, indepen-
dent of the containing structure, in which the major portion of
the energy is stored.

stratification index: a parameter that indicates the degree of
thermal stratification in a storage device. See Equation (7).

stratified fluid: a region of fluid in which the density
decreases monotonically in the upward direction and is stably
stratified.

theoretical storage capacitance: the sum of the products of
masses and heat capacities of all components (including the
transfer fluid) contained within the insulating envelope of the
thermal storage device.

transfer fluid: the fluid that carries energy in and out of the
storage device.

Although this standard is written in terms of heat storage, it is
applicable to cool storage by reversing the directions of heat flow.
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