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SPECIAL NOTE 

This National Voluntary Consensus Standard was developed under the auspices of the American Society of 
Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE). Consensus is defined as “substantial agree 
ment reached by concerned interests according to the judgment of a duly appointed authority, after a con- 
certed attempt at resolving objections. Consensus implies much more than the concept of a simple majority 
but not necessarily unanimity.” This definition is according to the American National Standards Institute (ANSI) 
of which ASHRAE is a member. 

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 Chairman and Vice-Chairman must be members of ASHRAE; while other 
members may or may not be 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. 

ASHRAE INDUSTRIAL ADVERTISING POLICY ON STANDARDS 

ASHRAE Standards 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 definitons of this equipment and by providing other information which may serve to 
guide the industry. The creation of ASHRAE Standards is determined by the need for them, and con- 
formance to them is completely voluntary. 

In referring to this Standard 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. 

DISCLAIMER 

ASHRAE uses its best efforts to promulgate standards 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, designed, installed or 
operated in accordance with ASHRAE’s standards or that any tests conducted under its standards will 
be non-hazardous or free from risk. 
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1. PURPOSE 

1.1 This standard presents recommended practices and 
procedures for accurately measuring steady-state, non- 
pulsating pressures. 

2. SCOPE 

2.1 The scope of this standard is to describe methods for 
measurement of pressures appropriate for use in other 
ASHRAE standards, limited to the 1 psia (6.9 kPa) to 500 
psia (3450 kPa) range. The descriptions include: type of 
pressure, range of suitable application, expected accuracy, 
and proper installation and operation techniques for attain- 
ing the desired accuracy. Pressure devices include: differ- 
ential pressure (head) meters, elastic element (bellows, 
Bourdon tube and diaphragm sensor) gages, manometric 
gages; and pressure-spring gages. Reference to suitable 
ANSI/ASME and ISA/ANSI standards is used where 
appropriate. 

3. DEFINITIONS 

3.1 Pressure. The macroscopic effect of molecular colli- 
sions with surfaces confining a fluid; it is defined as the nor- 
mal force per unit area. More specifically, if 6A is a small 
area, 6A’ is the smallest area over which the fluid can be 
considered a continuum, and 6F is the component of force 
normal to &A, then pressure, P, is defined as 

P = lim &,$ _ &$ (SF/W (3.1) 

3.2 Presshre Terms. Pressures are expressed relative to 
a reference value. Pressure term relationships are shown in 
Fig. 1. 
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Fig. 1 Relationships Among Basic Pressure Terms 

l absolute pressure: the pressure at any point in a fluid 
relative to a perfect vaccum. 

l barometric pressure: the pressure of the atmosphere 
relative to zero absolute pressure (a perfect vaccum). 

l ambient pressure: the pressure of the surroundings 
relative to zero absolute pressure. 

l surroundingspressure: same as ambient pressure. 

l gagepressure: the difference between absolute pressure 
and ambient or surroundings pressure. 

l differentialpressure: the difference between two pressures 

measured by a device connected between the pressures (with 
respect to the same datum). 
l design pressure: maximum anticipated pressure the 
system being measured is expected to withstand. 

l workingpressure range: the range of pressures the system 
is expected to experience during normal operation. 

l static pressure: pressure measured in fluid flow (gas, 
liquid and/or vapor) in a pipe or channel transverse to the 
flow direction where conversion of fluid kinetic energy to 
pressure is not included and the flow conditions are not 
significantly disturbed by the measurement. 

l totalpressure: the maximum pressure on a plane normal 
to the fluid flow direction in a pipe or channel. 

l velocitypressure: the difference between the total 
pressure and static pressure (relative to the same datum). 

3.3 Pressure Gage, A device for measuring pressure which 
includes means for sensing, conditioning, and displaying 
the measured value. 

l accuracy (inaccuracy): deviation of the indicated pressure 
from the input value. (Usually expressed as percent of full 
scale.) The magnitude of the deviation is called the error. 

l precision: the statistical error of an instrument subjected 
to repeated measurements over a range of input values. 

l uncertainty: the expected range of measured values about 
a true value of unknown magnitude. (Note: not the same 
as accuracy; this includes bias and precision.) 
l sensitivity: the ratio of the change in indicated value to 
the change in measured variable, e.g., degrees of needle 
movement per unit of pressure change. 

l calibration: comparison of the particular instrument 
with: 

a. a primary standard; 
b. a secondary standard of higher accuracy than the in- 

strument to be calibrated; or 
c. a known input source. 

4. INSTRUMENT TYPES 

4.1 Elastic Element, Indicating Dial Type Gage 

4.1.1 C-type Bourbon Tube. Bourdon tube pressure 
sensors are the elastic elements most often used for indus- 
trial purposes. However, the increased use of computer- 
based data acquisition systems is decreasing the use of this 
type of pressure measurement device, unless modified with 
electronics. The measuring elements of mechanical indicat- 
ing gages are not ideally suited to low-pressure, vacuum, or 
compound measurements requiring precision measurments 
at spans below 30 psi (207 kPa) gage!,’ However, the addi- 
tion of electro-mechanical devices to the tube can produce 
accurate measurement in this range. These types of devices 
will be discussed later. Fig. 2 illustrates a C-type Bourdon 
tube gage used in a direct indicating gage. The tube, which 
usually has an arc of 250 degrees, has one end fixed and one 
free to move. The fixed end is open to the pressure to be 
measured; the free end is sealed. When pressure is applied, 
the tube tends to straighten out. In a dial indicating gage, 
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