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PREFACE
This report was prepared by the Army Cold Regions Research and
Engineering Lahoratory (CRREL), Hanover, New Hampshire 03755, for the Air
Force Engineering and Services Center, Tyndall Air Force Base, Florida

32403, with tri-service funding. The report documents work performed

¢ during the period Aug 1982 to July 1986. Air Force funding was provided
via USAF MIPR F82-79 dated 2 Aug 1982 to CRREL. Navy funding was provided
v via MIPR N6830582MP20023 dated 20 April 1982 to CRREL. Army funding was
provided through the AT42 prcjcct crea in Tanuary 1982, The CRREL Project
Manager was Charles M. McKenna.
This report has been reviewed by the Public Affairs Office (PA) and is
releasable to the National Technical Information Service (NTIS). At NTIS
it will be available to the general public, including foreign nations.
The authors wish to acknowledge S. Flanders, C. Korhonen and S.
Marshall of CRREL for their contributions.
This technical report has been reviewed and is approved for publi-
cation. )
vty A0 on mw s
Freddie L. Beason, P.E. Robert L. Smith, Jr. \
Ylechanical Engineer/Energy Major, USAF
Chief, Energy Division
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REFERENCE GUIDE FOR BUILDING DIAGNOSTICS EQUIPMENT AND TECHNIQUES

INTRODUCTION

The energy crisis of the 1970's fostered a sudden, urgent need for
energy conservation measures and, as a result, the field of bullding
diagnostics was greatly stimulated. Traditional building codes had been
centered on the health, safety and welfare of the occupant. But with the
rapid upsurge in energy saving needs, traditional demands were often over-
looked. Recently, the urgent need for energy savings has subsided,
although conservation needs have not. Often conservation has been
accomplished at the expense of occupant welfare, creating a whole new set
of problems. As a result, the array of energy-efficiency diagnostic equip-
ment and techniques has been augmented by other equipment for measurement
of health and safety factors such as ailr quality, lighting, noise pollu-
tion, etc. This guide 1s intended to help the facilities engineer provide
environmentally sound energy conservation.

Those using this reference guide may find it useful to use the infor-
mat fon presented to help better define their problems and to select reason-
able solutions. There are many ways to effect energy conservation. This
gulde attempts to present information on diagnostic equipment and tech-
niques which should be generally applicable to all building types. Sec-
tions on Building Enclosures; Heating, Ventilating and Alr Conditioning;
Lighting/I1lluminating; Electrical; and Indoor Air Quality provide informa-
tion on the different aspects of energy system dlagnostics that should aid
analysis of existing facilities as well as new construction.

Cost figures are 1986 dollars unless otherwise noted.
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N t Where possible, manufacturers of equipment are listed so that, as the -
AN Lot
N energy diagnostic approach becomes better defined for the readers speciflc iy
! N hY
o application, more detalled informaiton can be obtained than is possible to
a‘q present here. The manufacturers listed for each item are intended to give
o
 '1 the reader a start In obtaining more information and are not intended to be
'hﬁ' exhaustive., Readers will eventually develop a more exhaustive file of data .
‘;:‘ applicable to thelr specific areas of concern.
'-".':
o
4 SUMMARY .
. Three classes of portable infrared devices can be used for building
"
:?Q diagnosis: thermal imagers, spot radiometers and line scanners. None of
::;: rhese devices used by themselves can produce an absolute measurement of
,¥* temperature, but some devices or systems will produce differentfal measure-
Ca"L]
J‘ -l
o ments of temperature,
-I'\.
X
v Fach class and production model of infrared device has certain advan-
e tages and limitations. Thelr uses overlap.
A
-
5;4 Much of the recent development in thermal imagery has occurred with
o
) accessorlies manufactured specifically for these imagers.
*)J Some thermal imagers are multiple component systems, with a view
h" »
Ld -‘"
':}} finder or monitor. Some require cooling. They, like all infrared imagers,
>
i
a,:: work on the principle of converting thermal energy reaching a sensor into
*“f in electrical signal, which is then displayed as shadings of light.
-7
”;j: Spot radlometers are cheaper, less sophisticated devices than thermal
LaltS
Aty tmagers. A spot radlometer does not produce an image of the surface, and
19,84
v L 3ince the area "viewed” by the device increases with distance from the sur- o
jjif face to the instrument, a calculation must be made to determine the size of ~
S y
l‘ﬁ ‘. L}
R te taryget at each distance. A
‘o) 7 %
1 3
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Only one portable line scanner 1s being manufactured and sold in the
United States. There are, however, mounted airborne line scanners also in
current use. The unique quality of some portable line scanners i{s that
they feature a composite thermal/visual display that enables the operator
to view a gcene and obtain an image of that scene superimposed by a line of
temperature distribution.

All portable imaging systems/devices can be used for energy audits,
for quality control inspection of insulation installation and nondestruc-
tive detection (but not confirmation) of moisture in walls and bullt up
roof systems. In most cases, the imagers can be used for interior or
exterlor inspections, although there are instances in which only one is
possible.

Procedures for the use of thermal systems or devices have been and
continue to be developed through ASHRAE and ASTM. The ASHRAE Standard
101~1981 describes most of the infrared sensing devices currently availlable
from commercial sources and the accompanying procedures. For wood frame
cavity walls, the ASTM proposed procedure describes the use of thermal
imaging devices for quality control inspection of new insulation.

There are two techniques other than infrared thermography that are
used for non-destructive inspection of built up roofing systems to detect
moisture intrusion under the membrane. Nuclear meters and capacitance sen-
sors have been used successfully to detect mofsture under bullt up roof
membranes. The nuclear meter requires a grid system to be marked on the
roof for identification of measurement location. The capacitance meter can
use either a grid or continuous strip reading to locate noisture. The

resolution depends on the fineness of the grid. The number of measurements

ORI I 77 T LI
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s soes up as the square of grid frequency. Since it is only possible to make -
4 \‘ A
;;: 1 measuarement at specifc locations with these instruments, an inspection )
+ e s :
et will take considerably longer using one of them than with thermal imager -
N £
-t S
bad and some areas of moisture may be overlooked., However, they can be used T
EAN ‘\
)‘-. '-l -l
o daring dayvligzht hours when operations are considerably less difficult. ek
o “:-
v In other areas, recent advances in technology have made it possible to . ?
N .
'q’- autodmatically measure the alr leakage in bulldings with tracer gas 4
9 f --
- o
<, !
;*a, releases, The three tracetr gas methods are d{lution, constant concentra- :
% -
) tion and constat €low. The tracer dilution method is versatile and the i‘
W simplest to use of the three. With the use of ailr sample bags, tracer b
e
'Nj di1ncion does not require highly skilled techniques. o
LY R
LW e -3
h{; Trac2r gas methods are highly dependent upon weather conditions at 2&
> i .
E rime ot tracer release. Fan pressurization and depressurization can mea- ?}
,l..). ~l‘
" -
ﬁ:: sute Li1ilding tightness independent of weather conditions. But, the larger -
Aé 5
P -
Ata the huilding, the more cumbersome the fan method becomes. The fan method =
o can enhance observation of air leakage paths with infrared thermography. o~
I Tafrasonic apparatus have been used experimentally for characterizing o
o‘a 5:
i air leaks in small buildings. ¢

TR

-
3
.

" Other alr leakage methods employ commercial smoke tracer devices that Iy
oo »
'-hj can »nr.vide smoke 4t a well-defined location so a stream of smoke will ..
b .
A foliow the leakage path giving visual evidence. ;

¥ 7 2

- ) B b
;:f. Heat flux rtransducers (HFTs) are wafer-like sensors which, when placed -
R ‘.'.. -
O -
oY v Thing walls or roofs wicth temperature sensors, can provide a field -

. "~
L) -,. ) :.{‘
K" Arasare et af R-value. A data acquisition system typically must -

N L]
A ool gt D frarences {n temperature and heat fluxes for 48 hours in 40°F -ﬁ
.
s S
o ! roonlter deather, A
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e It is desirable to combine thermal imagery with multiple HFT/ !
:'g temperature measurement to map and quantify the thermal resistance of a N
p-i
S .
Ay building enclnsure. -
- -
‘_\ Portable calorimeters are relatively new developments for evaluating g
i; the thermal performance of walls. They should be used in conjunction with Y
K .
Y thermal imagers. iy
~, P i
AN There are many measuring devices used for HVAC system evaluations. »
ii These devices measure surface and alr temperatures, amblent humiditv, air v
n‘_‘\ ‘.‘
> . -~
) velocity, volume and pressure. A relatively recent development is the com- -
" bining of many of these measuring devices into an energy management and :
o~ ¥
L control system (EMCS). The EMCS is a centralized energy management system N
\'. <
e that employs an off-the-shelf mini or micro computer system. This serves -~
- to control functions, at multiple locations, for HVAC, lighting and boiler E
\if systems. In order to control a certain system, the EMCS must be able to A
.;f‘ monitor various functions. This monitoring can be considered a part of the 5
A diagnostic process since it usually provides a display of data that rvelate !
4 :_\ L:
i to building system performance. ?
1 x
4§: Energy metering is an important part of energy management and con- <

-
-
-

J .
e trol. Many different types of meters are available to measure the flow of o
S8 N
o liquids, gases, steam and electricity. The choice of which meters to use N
,P: and where to locate them depend on how the data will be used and how the ':
| B4

T . -
- energy system is designed. s
iy !
0 "
I Stack gas analyzers are available in portable and fixed types and are i
- -
{E useful 1in maintaining high efficiency condensation in boilers and furnaces. ;
&

) Thermal {magers can safety detect hot electrical equipment, such as o
L' -
~ o
) 2
§ : trangformers, Insulators or connections. The chief advantage of a thermal -
- -
. - A
B
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fmager is that it can be used remotely and rather quickly to monitor the

temperatures of an electrical system without disrupting normal system
aperition.

One of the most widely used devices for conducting an energy audit of
¢ building's {llumination system is the light meter. This device consists
of a photocell, appropriate filters and a meter to register the lighting
level. Selenfum and cadmium sulphide cells are commonly used in a typical
liyght meter. With the development of the microcomputer, the results of a
wal<-through lighting audit can be processed on the site immediately by
seaiing the data over telephone lines to a central computer,

Indoor air quality has recently become a major concern of profession-
ats responsible for the design, operation and maintenance of large build-
ings, especialiv those that are energy efficient. With the introduction of
potentially toxic chemical compounds into furnishings, construction mater-
1als and iasulation for the residential market, concern has become even
aqore widespread. In order to obtain some measurement of indoor air quality
to determine arximum acceptable concentration levels of pollutants, a num-
ber of hoth pas:zive and active monitoring devices have been developed.
These devices can be used to monitor concentration levels of carbon
nonoxide, formaldehyde, fibrous aerosols, nitrogen dioxide, ozone, radon

w1 sulohur dloxide. These measuring devices range widely in cost.
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CHAPTER | ;
NONCONTACT TEMPERATURE MEASUREMENT/THERMAL PATTERN RECOGNITION ui
<
(ol

THERMAL IMAGERS

Measurement and Analysis. Infrared technology is used for the obser-

ST b ) AR

vatlon and recording of surface temperature variations. Differences in the H;

. thermal resistance or the thermal storage capacity of a building enclosure gg
system (walls, roof) produce variations of temperature over the surfaces as ::

o

does the leakage of cold or warm air through the enclosure system. These iﬁ

)

variations can be located and recorded to determine the position and size Sﬂ

2 1

of insulation defects, thermal bridges, alr leaks and moisture damage. 2
i
Thermal radiation emitted by any object (e.g. building surface) can be :ié
3 '\
»

used to form an image of that object and to determine its temperature. The

amount of radiation from a surface depends on the temperature of that

=
surface and its composition, color, and texture. An infrared-radiation- :E
sensing device can be used to (1) record an image and measure the tempera- i%
ture of the surface, (2) record only the image of the surface, or (3) E

id
measure the temperature of the surface. gﬁ

\."ﬂ

Infrared sensing devices that image and/or measure surface temperature

TR

can determine only relative temperature differences across a surface. 1If

.
;)
“
the actual temperature of the complete surface is to be determined, it is &%
.}
fod
necessary to first find the actual temperature at one point on the sur- ﬁk
s
face. If that is not possible, then the surface spectral emittance (often s!
-
available in certain literature) and the calibration data of the infrared E:
ay ':q
device must be known, ~3
a
-
Three classes of portable infrared devices are used for building -
N
diagnosis: 1imagers, spot radiometers, and line scanners. QL
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Imagers can he separated into two distinct categories: <cooled and
uncooled. Both types of imagers can be further divided into (1) multiple
componrent systems (composed of a separate scanner and monitor) that provide
the operator with a thermal image of a surface on a TV-type monitor, and
{2) a single component system that must be hand~held in order to obtain an
tmage of a surface through a view-finder/monitor provided on the device,
4ditinin these two classes ther are imagers that can (1) record an image and
aasuve the temperature of the sample and (2) display the image of the sur-
“age,

The operazion of all thermal imagers can be explained by the same
bosis principle. An optical svstem transparent to thermal energy focuses
this en2r v onto a sensor that converts 1t Into electrical energy. This
~=lnctrical signal Ls processed to produce a display on a monitor in the
fycm of a2 "heat plcture” image of the object on which the infrared device
is focased. Depending on the type of imager, the monitor screen displays
var»ing lntensities of grays, reds, or greens. In the conventional mode of
inayer uperation, the lighter images depict higher surface temperatures,
and the darxer images lower surface temperatures. Intermediate tones indi-

Ate temperatures between the two extremes.

Th» {mage on the screen can be recorded with a Polaroid or 35-mm
1o, ot on video or digital tape. 1If the image 1s video taped, photo-
.°%s 1an be nade of the video image. Photographs of a heat image are

Loy s therangrans,

Coolel Suemsnrs

mers oar- two tvpes of cooling techniques used in single and multiple

cotaneat imagers:  crvogenic and thermoelectric. Liquid nitrogren and
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high pressure argon gas are used as cryostat coolants in both multiple and
single component imaging systems, while thermoelectric coolers (heat punmps)
are used currently in only a few systems.

The portable systems that utilize cryogenic cooling have the advantage
of drawing only a relatively small amount of power from their batteries;
however, this 1is balanced by the requirement that these systems need Dewar
flasks, cylinders, compressors or other storage and that the sensor cryo-
stats require perilodic refilling. Thermoelectric coolers do not require
bulky reservoirs or periodic refilling and are so reliable that a failure
is usually defined as a loss of a few degrees in cooling over a long time
period.

Uncooled Sensors

Pyroelectric vidicon systems (thermal television cameras) require no
cryogenic cooling., The sensors in these systems respond only to changes in
radiance so that radiation from a target must be modulated in order to pro-
duce a thermal image. In lieu of mechanical modulation of the image, pan-
ning the camera will produce changes in the radiation emanating from a tar-
get, which in turn will produce an image. A statlionary camera will also
produce an image if there 1is target movement in the scene.

More important to building dianostics and preventative maintenance are
the types of recording available for documentation. Not all systems can
record thermal images on photographs, video or digital tape.

The techniques by which apparent temperature differences are measured
vary somewhat among these systems. However, the most important point to
remember is that no thermal imaging system or device can be used to make an

actual temperature measurement of a surface without a relfable radiat{ion
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S;J s oore i source {(which produces a reference temperature), This refer- :
1_..":_ t
AN ence tuemperdature can be established through (1) a contact measurement of .
AH
e .
P Mo sartdce, (2) placement of a refereace radiation temperature source in *
. ! P
'r‘o the r{eld of view, or (3) a radiation measurement using a calibrated spot
hy
‘“n: rofionetor. Both (2) and (3) require knowledge of the spectral emittance
D) -
Y
e a7 the surrace. .
J
o
Y% : whether 1 measurement of apparent temperature differences or just a
Y
§5§: Jdocunentation of thermal patterns 1s required, a parameter known as the
". [}
1)
0t Minimun Resolvable Temperature Difference (MRTD) is significant in order to
S ) -
gﬁ& determire if an infrared sensing device at a critfcal distance from a tar-
i)‘ i
A‘:g get of a certain size can resolve and measure its temperature. The MRTD of
%’"Q
*taly; any 1afrared sensing device is established through a standardized measure-
;«5 1wt procedure.  Since not all devices have an established MRTD, a valid
¢:p
"
;g comparison among all those in current use is not currently possible. How-
A aver, the difference in inherent lmage resolution between any two devices,
g y
.;nJ e. . single compornient and multiple component, can be attributed to the MRTD
“,.
e
T Hf each device,.
S Accuracy
¥
ni- Some 1maging systems do not have the capacity for measuring surface
R,
140
! :? temperatures.  The data that are obtained with these systems are qualfta-
(M 7
“?g ive and subject to interpretation. The only quantitative data that can be
* . .
4 > “aeratel by such a system are the percentages of black-white/color con-
s toac . disolared/recorded by the system., For example, a black-white ther- )
R,
> mil imyi- ' an Insulated wall shows a certain percentage of that wall
charittertized hy grdy tones rangling from black to white, The area of each . -
2
T+ toae can he determined and related to the amount of insularion tn the 4
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actual wall., 1t is difficult to specify the accuracy of this procedure

because those areas are varlous silzes and shapes and are subject to quali-

tative interpretation. No baseline tests to determine accuracy have been

conducted at this time.

It is also difficult to specify an accuracy for those imaging systems

that can be use for measurement of surface temperatures. Since almost all

infrared systems and sensing devices require an independent reference

temperature (e.g. blackbody, contact thermometer) with which to derive a .

complete and absolute temperature map of a surface, the precision of the

measurement will depend upon the reference temperature source as well as

the infrared system/sensing device and can only be as good as the stated -

precision of the temperature reference source. The lack of a linear rela-

tionship between the electrical output signal of the sensor and the opera-

tor marker settings over a wide range of temperatures makes {t difficult to

specify the accuracy of temperature differences measured with an imaging

device. The accuracy of these measurements depends upon the application

and the device and can vary from a few percent to approximately 15 percent. -

Advantages

Thermal imagers are noncontact devices used to monitor the temperature

of remote surfaces. li'

Both types of imagers may be operated by one person, and can be efther

carried or vehicle mounted. Most 1magers can utilize either video or

photographic processes. Because of the two~dimensional monitor {mage pre- .1

sented, identification of the exact target area surveyed is relatively

easy. Most imagers, also, have a fairly large field of view at short dis-

tances from the target, and will develop an image in real time. Sone WY,
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o imagers can quickly measure discrete surface temperature differences. In 2
AN ‘n
) o
:" all, anomalous reflections from a target are relatively easy to discern o,
.‘gs .nh )
R ) .
k&y from real temperature variations of the target. ‘
*:
o5 Soae {magers have self contained systems that need no additional cool- 3
P o -
B . . -
Y 1, Nnme of the chilef advantages of uncooled detector imagers is that they p
N ‘
Y, ¢t he opnerated i{n a horilzontal or vertical position. i
K *E
" imitations o
\ —— —— e e
3 ¥

An imager used for ground-based surveys cannot easily be adapted for

':.l
LY similzanems display of visual and thermal images. Some systems canot L
) meis are Jdiscrete temperature differences. The cost of an imaging system 1is hate
0 e
&j sreater than that of other noncontact radlation sensing devices. d
LGN ,
oy -]
3*‘ Tiguid-conled tmagers require a mirror for vertical viewing. Uncooled 0
U z
"y {magers regilre change or interruption of target radiation. J'
N
X5 A
N .
R

;: Cost. Depending upon the characteristics of each of the infrared ;‘
N ;4
P bt svstens/sensing devices and optional equipment that can be ordered with .
2: each the cost will range from S11,000 to approximately $90,000, ,'
ALY h
i) )
! New Technology/Developments. The basic technology 1n cooled detector .
l‘:.! - [
| w

U S,
Al fuariae systeas/devices has been evolving during the past 15 years. Much g;
) :
"N 11 the devalopunent of new technology has heen associated with accessories ‘ﬁ
W ¢
)i that are snld with those systems/devices. Development of new technolougy N

Sl
L4
- A

8% v oacooled detector imaging svstems/devices has occurred during the past %i
i;: . sath. e of the most recent developments in uncooled systems/devices '~
o .,
:\' ' capacisvy £y measure apparent surface temperatures. v o
.
I8 {
A {armracturers. AGA Corp., 550 County Ave., Secaucus, N.J. 07094, :
———— . ———— ———— k
- "Z91Y 5a7-1399: Inframetrics, 12 Oak Park Drive, Bedford, MA, 01730, (617) S
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PORTABLE LINE SCANNERS

Measurement and Analysis. The line scanner is a portable infrared

scanning instrument which is pointed at a target and allows the operator to
see a thermal line scan which may or may not be superimposed upon a visual
{mage of the target. This line scan represents the temperature distribu-
tion along a single line on the target. The composite display enables the
operator to locate and analyze thermal characteristics of a target sur-
face. Unlike some scanners, the line scanner sensor operates wthout cryo-
genic cooling. A line scanner can be hand-held or tripod-mounted. When
records are required, a photographlc recording accessory is available.
Measurements can be made over various selectable temperature scans. Some
thermal imaging systems also include a line scanner capability.

Accuracy. The accuracy of the portable line scanner is difficult to
assess for some of the same reasons as for imaging systems.
Advantages

The line scanner can be used to obtain a temperature distribution on a
lineal plane of the target image for remote locations. The scanner creates
a composite thermal/visual display and the operator views the image of a
scene superimposed by lines of temperature distribution. The scanner can
be positioned either horizontally or vertically and the sensor does not
need cooling.

Only one photograph of the surface is required for a single line

temperature distribution analysis.
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Palike thermal imaging systems which require one scan of a surface
{e.v., building wall), many scans (and a photograph) must be used for line
Ssianners, and Actual temperatures cannot be measured directly. Videotape
racor iing 1s not available with the line scanner. Line scanners dare only
slighcly less costly than two-dimensionally imaging systems.

Cost. The cost of portable line scanners is approximately $9,000 to
S, 000,

Yew Technology/Developments. Currently there is only one basic type

i wartanhle llne scanner being manufactured. There are no known major

recnnotodical developments/changes being made to this device.
Manufacturers. Pyrometer Instrument Co., Inc., 234 Industrial

varewav, Northvale, NJ 07647, (201) 768-2000; Wahl Instruments, Inc., 5750

Haonom Ave., Culver City, CA 90231, (800) 421-2853 or (213) 641-6931.

4. ael Instrument Co., 1570 Cherokee St., San Marcos, CA 92069, (619)
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Camino Real, Carlsbad, CA, 92008, (619) 931-3617; FLIR Systems Inc., 16505

S.W. 72nd Ave., Portland, OR, 97224, (503) 684-3731.

SPOT RADIOMETERS

Measurement and Analysis

A spot radiometer is a relatively light-weight, compact, hand-held
device (often manufactured with a pistol grip). A measurement is made by
pointing the device at a surface and depressing the on-off switch. The
radiometer senses both the radiation from the surface and the reflected
tadiation from surrounding surfaces. The device incorporates either a
temperature-indicating display (meter or digital) in degrees Celsius or
Fahrenhelt or a radiosity display in BTU/ft2/hr or watts/inz.

A typlical range of temperature resolutions for spot radiometers 1is
t0.1° to 1.5°F with a response time of approximately 2 sec. The target
size "viewed” by the device increases with increasing distance from the
surface to the instrument (a 3-in. increase for every 4-~ft distance to the
target i{s typical, although this ratio varies for different instruments).

A temperature-indicating spot radiometer is calibrated by pointing 1t
at a reference surface of known temperature and emittance, and adjusting
the device until it determines the indicated temperature of that surface.
If the emittance of the test surface is equal to that of the reference sur-
face, the radiometer will be measuring actual temperatures. If a reference
surface temperature cannot be determined by other methods, then the instru-
ment operator must e=timate the emittance of the surface and set the dial
to that value.

There are several design variations on the basic radiometer in current Ny

use. The use of microprocessor technology, selectable emigssivities and

13




oy sisntine y2opes for defining object size are all found 1n radiometers used
-
N
' Do hagtdtay diagnoscics,.
o, )
\}-
- Accuracv, Tvpical accuracy is * 3% or better.
- advancages
s o
.-!
:;_ spvot radiometers do not need cooling. They can be used to monitor
\.-

~emperataves i lnaccessible locations, thus avoiding dismantling or
destraetive testing of the bullding. They are less expensive and nore

portanls than tine scanners and imaging systems, and unlike imaging systems

PR

y

<+ he calibrated in temperature and radiosity.

aminations

3

4,

}j “Looae an tnage 15 aot provided, plnpointing an exact location can be
Eﬁ dvroteriz oand although the display is calibrated in degrees, actual

ool moamperdrare 13 not weasured divectly. There is often a limitation of fileld
S

ks} Vo vy to dlstance from the target. And too, anomalous reflections
B

target are difticult to separate from real temperature varia-

I
3
]
)
I

I

Slons. Also, some instruments are sensitive to large amblent temperature

A

Cost. The cost of typical spot radiometers is between $750 and $2000.

.

New Te tologv/Developments. The most recent developments in the

AL

%ﬁ Tabricattes of spot radiometers includes the use of wicroprocessor tech-

i ol v, state-of-the-art optical and sighting systems, LCD displays, and
e ¢ atfc laternal ralihration reference.

P

éﬂ; Critactarers.  Wahl I[nstruments, Inc., 5750 Hannum Ave., Culver City,
E; ) 4 2(=345%% o (213) 641-6971; Raytek, 1201 Shatfer Rd., Santa
N LA oo, sy 227-8074, (408) 458-1110; Micron Iastrument GCo., 445
E%? Co sty Weowott, NION74R1, (800) A31-0176 or (201) 891-733n,
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DETAILED PROCEDURE FOR NONCONTACT THERMAL INSPECTIONS

All portable imaging systems have at least one factor in common: they
can be used for energy audits, electrical and mechanical {nspections,
insulation installation inspections and nondestructive tests for the
determination of the presence of moisture in walls and builtup roof
memhbranes. In each category, however, the system would be used somewhat
differently.

Energy Audits

Interior Inspections

For this procedure a portable imaging system 1s used to record and
document thermal patterns related to alr leakage, radiation, conduction and
convection., The evaluation of the thermal imagery 1s qualitative most of
the time; however, there have been recent attempts to conduct quantitative
analyses.

The objective of an energy audit conducted from the interior of a
building is to document and analyze all heat losses from a building enclo-
sure system for the purpose of recommending cost effective retrofit proce-
dures. Interior energy audits of large buildings can be time consuming if
only one system is used and the complete building enclosure system must be
inspected.

ASHRAE draft standard 101-1981 specifies that, "a thermal imaging
system used to assess heat loss characteristics of a building shall provide
sufficlently specific and detailed data to permit recognition of the
presence or abgence of insulation and air infiltration. This category of
survey includes three levels of measurement: Class A, Class B and Class

C. The Class A survey identifies the probably cause of a heat loss

17
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tomiiy, such as distinguishing between insulation volds and alr infiltra-

Tion as well as providing fnformation to estimate the R-value of the struc-
ril component observed.  The Class B survey only provides an indication
oiross theraal ancmalles with limited information on probably cause while
ve Ciass osurvev provides for locating gross thermal anomalies with no

~{amtris o Datormartion on probable cause.

According to the ASHRAE standard, there are three basic requirements

Sl Ue sgrvey must achleve, depending on the class of survev used.
4
or ifiass A surveys, the thermal imaging svstem should provide and
trome tosnecirie data to perult recognition of the probabhle cause of the
et losa ooy e, Lee, o alr infiltration or insulation vold. To accon-

nEUST ThTs, e fmager anst resolve anomalies 4 cm x 4 cm in size or
wmalber b cne temperature difference hetween the anomaly and its back-
Tount s egaivalent to or less than the interi{or surface teumperature

{virerence hetween an R-10 and R-15 surface. Futhermore, the data should
be waltable tor calencation of the Temperature Index.

v Tuv Class 8 surveys, the therwmal imaging system should provide and

i
=
T
-
o

soecific data to permit the location of gross heat loss anomalies

wish Timizeg iaforaation on probable cause. To accomplish this, the imager -
s, Cesoove anenalles 16 ¢cm X 16 cm or smaller when the temperature ﬁ‘

Yy
)

2.

erace hetwseen the anomaly and 1ts background is equivalent to or less
y q

“ror interior sarface temperature difference between an R-5 and an R-15

eleT

.
e w

.
L5

T .

se <ur liass © surveys, the imager should provide and document speci-~
1tz locatinn of the gross therwal anomalies wiht no si{ignifi-

! catoraatio on prohable cause. To accowplish this, the imager must
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resolve anomalies 16 cm x 16 cm in size or smaller when the temperature Ii

f
S
l'l
S

.
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5

difference between the anomaly and its background is equivalent to or less

e e
N
LS

At
»

than the interior surface temperature between an R-2 and an R-10 surface. s
|

For all classes of survey, the thermal imaging system should he cap- -

able of producing thermal data on hard copy records that provide documenta- :ka
tion of findings for future reference. o
* e
Ew

The ASHRAE standard specifies that surface and alr temperature thermo- N
meters, smoke penclls and air velocity probes may be used in conjunction fiﬁ
with the thermal imaging system to record survey conditions., The measure- ;i
F¥

ments to be recorded are described in Table 1l-1. e
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Table 1-1
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Date

Time of day

Indoor air temperature

Outdoor alr temperature

Wind speed

Wind direction

Surface finish and materials
Description of building construction
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Window glazing L
Orientation of surface -
Other factors which might affect data }}t
ar
I
Thermal anomalies of the building should be recorded as thermograms ::?
and supported by data necessary to ldentify the extent of the anomalies ;ki
within the thermogram. These data may take the form of drawings, photo- éfﬂ
F e
oy

graphs or video tapes. Equipment with photographic capabilities should

. or
[
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.
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record such characteristics. For Class A surveys, Interior photographs

1.

‘E

should also be taken to properly orient characteristics of areas within the

T

e

survey.
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t;n The ASHRAFE standand specifies the following survey conditions: h,
-
:: Y 1. A relatively stable condition of heat transfer should prevail. "
R J .
s'.'\ Y
g'a v Class A surveys should only be conducted after it is obvious that 2%
A any solar radiation absorbed during the day has dissipated. This is criti- <
LY -
Ko :
ANy cal decause of the calculation of approximate R-value.
.
o
N 3. fluss B and Class C surveys should be conducted only for the pur- o
‘\‘ . E
.-_- pose of detecting anomalles., They may be performed any time during the day .‘-'
L) » v
N .
ny, “u
-::} whent there i{s no solar radiation on the walls, as long as the minimum -3
«.l ) * :':
e fdooar-outdoor temperature differences In Tables 1-2 and 1-3 exist for a 4]
':,',
N niarinam of “wo hours prior to the survey.
e -
';.'_’_'x “« tnvirommental factors should be noted including date, time of day, :~
SON N
v n sind sneed, orecipitation, and site factors such as shading, sun loading, >3
coavective and radiative sources, ~0
A .
", o =%
A . Approximately one hour before the start of the survey, preparation
W Y
o, S
" should inclunje elimination of thermal artifacts to the extent practical by o
.. tirnig off heat, moving furniture away from the walls, opening cablnet N
0 L
.".; "
,_’ toots, owpeniag 1nside doors, drawing curtailns to expuse the walls, and tak- N
e -
) u
RXOM) ) . . -~
I iny pletures off walls. o
e e “7juilpment designation and serial number should bhe recorded. 5
-'\-‘*: )
:_- /s Temperature measurements should be made of indoor (Class A only) \
.\.ﬁ AN
;} T and oatdoor alr. g-
\,—:- Y. Data should be recorded with each thermogram to allow reference to -
N _ _ ok
-+ Fora a7 calibrated grey scale for the purpose of indicating the N -
L -
NN rei4nionshlp hetween contrast and temperature difference. W
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9. If the survey is used to characterize the apparent therual NN
resistance, the inside surface temperature of outside walls should he oy
recorded for the purpose of computing the Temperature Index. tg;

K~ Table 1-2
N Class B Survey
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Required Minimum
’ Resolvable Temperature Inside to Outside
Difference @ 0.13 cycles/cm Air Temperature Difference

"
" (°C) (°F) (°C) (°F)
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3 Table 1-3
Class C Survey
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;; Within the past two years, the Task Force on Infrared Inspections,
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Section 7.1 operating under ASTM Subcommittee Ci6.30, Thermal Measurements,
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has developed a draft procedure for the thermographic inspection of insula-

F

tion installations in buillding enclosure cavities in wood frame hnildings,
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While the procedure has been developed gpecifically for insulation {aspec-
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tions it could also he used for that part of an energy audit which does not
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deal with the {dentification of air leakage. The specifics of this proce-
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dure will he descrihed under the topic of quality control insulation
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{ngpections.
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Interior inspections have certaln advantages and limitations depending
vpen the size and location of the building, time of day, and the meteoro-
sital eondisions prevailing at the time of the i{nspection. Inspections
27 lavge haildings will require progressively more time. This is the major

“sitarion of an interior survey., However, this limitation could he mini-

ced tv o the use of more than one imaging system and operator.

The advantdves are the [ollowing: solar loading of the exterlor sur-

1o the bailding enclosure would not bring an immediate end to the sur-
wiv i o sahning of the exterior would not have a direct effect on the
Lot atio . of the thermal image, and meteorological conditions (precipita-

i, remeeratare, wind chill) would not reduce the productivity of the
sor v o e Imaging system.  Also, natural barriers (e.g., trees,
Serane . wgatee, staep slopes) would not be a factor {n providing an lmpedi-
=t s [he onerator's nmobility.,
wmal it ve sattera recognition analysis of thermal images has been
v1 ~iis oeoatiane to he the primary means of providing data for audits of
“ars residancial and aunresidential buildings. Recently there has been a
St 1 the development of procedures to obtain actual temperatures fron
;a4 14 vstens #hich have that potential. While most of this effort
. T oime primary stace, it Ls anticlpated that within the next few vears
Aarmt yraarass 211t have been made to consider the measurement of actual
tenneratares of buildings as routine.
rerii) Inspections

crorine survevs of bulldings using imagers are conducted with

vi-aelt esi ws ar cart-mounted systems, With the rapid advance of tech-
viv. 4l 2 est 11y are nsing direct video data recording techaiques
").')
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while others are using photographic records or simply written notes based

PRI 4 Ll

on thermal data and visual observations.

I

In the past, diagnosticians conslidered the most optimum temperature

[ PR

conditions to be satisfied with a large as possible temperature difference

hetween inside and outside. Such conditions imply that the outside

temperature should be very low while the inside temperature remains at

biclawg

ambient. Recent tests by Public Works of Canada of the minimum resolvable

w

temperature difference of varlous imaging systems indicate that detectors §
) used in these systems become less sensitive as the ambient temperature is E
decreased from +15°C to -30°C. The minimum temperature difference con- §
s

sidered to be acceptable for exterior surveys depends upon whether a high i
"

or low resolution imager is being used. If a high resolution system is ;
used a temperature difference of approximately 8-10°C is required for 2
observable contrast in the thermal image. A low resolution imager usually g
requires a 10-15°C tenmperature difference for an observable contrast. %

A compromise involving the spatial and thermal resolution of the imag-

el

=1

ing system and the time required to complete the survey must be made.

1
o

attempt should be made to include as much as possible of the exterior sur-

face of the enclosure system without violating the minimum resolvable

temperature difference specifications of the particular system being used.
With regard to the field-of-view for an exterior survey, the proposed

AST™ standard recommends that in the horizontal direction it should not

A W= AP S T

.
a

subtend more than approximately 9 ft and in the vertical direction not more
than approximately 25 ft,.
The sensitivity of the imaging system should be adjusted to give the

lowest minimum resolvable temperature differences which keeps the image
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’ from belng sAturdated to black or white. The thermal image from the screen
s
15
3N ¢ then be recorded manually, photographically or with video tape. For
ﬁlﬁ ) grap y
’ A
S e parpesas of indicating the relationship hetween contrast and tempera-
l:? tire diterences, data should be recorded to allow reference to a cali-
'l:l:'
e Srited grav scale or to two surface reference measurements.
’I"
e
£ Tne distinct advantage of an exterior survey of a large building is
y L )
f‘ " thar Lt can be conducted in a much shorter period of time than an intectior
W W’
B
.“;: sucveve Whete time 1s of the essence and only one imaging system is avail-
3 "‘, .

e L

wm exterior siarvev can be conducted to quickly tdentify and document

S w0 ch=imal anomalies within the butilding enclosure system.
N
iy
1 voorhe s adviatage (s that oblects (furniture, etc.) hehind the walls
-2 | L
0 e bt iAoy e Tosire systen do not have to be moved as long as there
@}
AN s recogition of those objects at the time of the survey,
» .
2 |
LSRN e it seivantage ot an exterior survey is the problem of solar loading
R
d‘. -
~ L or ot il enclosure system. Within a few minutes of the time that
:;{} so.lar radiation inpinges upon the enclosure system, heat is absorbed and an
f\ }‘
‘Q} Taacer ocaa oy Longet Jistingulsh hetween the {ncident solar radiation and
A ‘.'y..'
% + . .
s Lne a0 folnyd tihernal radiation. Therefore, an exterior survey should be
F--" e U soes of o alnlinun solar heating of the enclosure system. 1f the
R
o -
A5 S0 aeore wysten Mas alreddy heen heated, then 1t 1s usually (but not
A
O
T 4'wias s necessary to walt for at least 3 hours after sunset (or hegin 3
3 %
e 5etore sunrise LF Lt has not been heated) to avoid solar storage
) 0
103
nlj e vy tee o solar fecay (or buildup) process hefore initiation of the .
)
e
v Y - 0 s arve g,
o o tosadyantage (s the problem of wind scrubblng of the surface .
:J: v iosnre sestem. The effect of the wind is to reduce the overall
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o thermal image contrast by eliminating the surface temperature differences
L5 ]

a
¢l

s a_a_» u

. which depict thermal anomalies in the building enclosure system. At the

SRS

MY
r

present time there 1is not general agreement as to what value of wind velo-

w, city is considered excessive for observable image contrast. Even though oy
¥

» K2
}?; ASHRAE Standard 101-1981 indicates that this phenomenon {s wavelength 5
) -

N % ¢

dependent and limiting at wind velocities in excess of 15 mph, there have

Cy

been documented instances by Public Works Canada of observable therunal

1A

) _"}!. o
o ‘
(" image contrast obtained with wind velocities exceeding 15 mph. ﬁ;

- Py
", N Ny
:’; Exterior surveys are also hindered by the environment immediately e
- adjacent to a building (e.g. trees, shrubs, fences, water, other struc-

" X
’- -l M (]
" tures, sloping landscapes, etc.). Any of these objects may be located in f‘
n s
:"; such a manner as to hinder the mobility of the equipment operator or pre- Q:

e vent the operator from getting an unobstructed view of section(s) of the .E;

k30 s

LNy .

iy building enclosure system. 3

3 \‘:lf ;.-'
.ﬂi Public Works Canada has used a helicopter to conduct exterior surveys 'y

D of large multistory bulldings. The helicopter is used In conjunction with i
5 o
v a thermal imaging system coupled to an optical system that produces a ther- <
s e
- mal image superimposed on a visual image. This technique has the distinct n
J ‘

Y] advantage of being able to provide for a correlation between thermal ¥
e ~
J} anomalies observed in the thermal image and the precise location of those e
A -~
Iy
Ny anomalies on the bullding enclosure system. G
= .
e, Quality Control Insulation Inspections - Interior and Exterior Inspection ot
.~ -
qij Most of the procedures for conducting a quality control inspection are -
‘L] )
o o
‘{; described in the section on energy audits. The procedures are identical e
o | 4
)q for energy audits and quality control inspections with regard to determin- y
i} ing whether a new or retrofit insulation installation is done according to fi
o -
)'.f. ::'..,
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soecitications, job contract, proposals, standard installatfon practice or

ippiteable codes and standards.  Other thermal atomalies which are observed

RN

st
ey L

he srocess of an energy audit may require procedures not covered in

1 gttty control inspection. The Task Force on Infrared Inspections,

A .

b, operating under ASTM Subcommittee Cl6430, has prepare] a draft

e on Theramograpnic Inspection of Insulation Installations in

cavitles in Wood Frame Builiings™ which specifies procedures that

foahie o quality control insulation installation Lnspections.

v ANHRAY Standard 101-1981 the ASTM proposed practice deals «ith the

I3

itort Tevel Hf xnowledge. It states that "a trained thermographic
orowd data svaluator shall have knowledge and competence in prin-

< 7 ontrared theorv, alr movement, molsture wmigration, heat transfer,
his it onderstanding of building enclosure theory in order to apply

2es ro diaygaose detects in building envelope svstems,”
ording to the proposed practice the following enviromental condi-

o preferred oy thermographic inspections:

“Indnin temperature difference of 10°C between intecior and
anhient for 4 period of 8 hours prior to the inspecttion,
woodirest sodar radlation on the surfaces for a previous 3 hoars

‘rase with siding and a previous 8 hours for masonry and masonry

o=t gt {on,

c

Tor o exterior sarveys, Wind speed should be less than 1% mph and
oo ot he wet.
wot ir s recomnended that the above conditions prevall at the

tospet lons, 7t ls recognized that they can be performed under

mditions 1f satticlent knowledge 1s used In taking and {aterpreting
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et the thermal images. For example, a wall exposed to direct solar radiation b
:. :::-‘ d
will experlence a temperature reversal - the studs and voids will appear ,}ﬁ'
) Y :.\-f /
. warn and the insulated section cold on interior i{nspections. An exterior iy

o
(e

inspection will show the studs warmer than the insulated sections, O many

veneer surfaces, interlor surveys are technically possible one hour or two

L after sunrise.
[
.3 The proposed practice states that in order to evaluate the structure
! .,‘
K-, for installation of insulation, certain preliminary data should be
\l
g collected if possible:
& 1. Sketch or record of each type of anticipated wall cross section,
K
‘z noting age of construction, i.e., construction drawings and ant{cipated
1% )
-
o thermal pattern,
4
o3 2. Additions or modifications to the structure.
i..
3%: 3. Locations which the insulation contractor was contracted to insu-
(- late, the type of insulation (1f known) and the anticipated R-value.
4., Difficulties encountered by the insulation contractor.
- 5. Thermal anomalies noted by the owner/occupant. -
: L]
' f. Type(s) of existing insulation(s). }}gﬁ
§
. 7. Type(s) of exterlor and interior surface finishing materials which rf:
= might produce unwanted reflections.
' 8. Orientation of exterior walls. LS
< e
- 9. Potential paths of alr leakage into cavities,. oy
E RS
Y ;\j
$ 7. Extraneous heat sources mounted on or close to the walls, A
o
) ..\,:
"¢ Ile Time building i{s used. A
(73
with regard to Information on the outdoor enviroment the practice S
RO
- states that the meteornlogical conditions which prevail during the inspec- :}}
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':, kS
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tion can greatly affect the thermal {mage. 1In conducting an inspection,

)
3
the following locally measured interfor and exterifor environmental condi- .
"-
e
tions should be recorded: ‘
£
', Exterfor ambient temperature (on site). N
S
’.  Wind speed. Ti
o
‘. Wind direction. ]
. »
¢
4. Cloudiness. &
P
._N
3. Relative humidity. -
=5
n. vrecipiration for previous twelve hours. A
- IR
« Maximum and minimum exterlor ambient temperatures for a 24-hour iy
seriod prisr to the inspection. N
v ) 3
‘i 3. Cloud cover estimates for a period of 12 hours prior to the 0
. &
aal S et "
. LNSPe Il lon, n._._
. D
o Inside the building, the alr temperature should be measured in each %:
o :-.u
ii room on each level and in the basement to an accuracy of 1°F or 0.5°C. v
*3 Reilative humidity should also be recorded for each level of the house. ::
:"' Ny
~ ‘theated spaces should be noted and the interior temperature recorded. If T
.":, oo
- W
, certiin rooms have temperatures differing by mocre than 4°F or 2°C from the o
o cemperature of the corresponding ruoms on another level, those temperature (Y%
‘. 1’ :J.
v sverld he reported, R
L 3
ii \s mentioned in a previous section, not all surfaces are accessible il
- . “aspention {rom the exterior and interior. Ideally, all movable ?~
,. -4
S , A
N nistsles hiocking the view of the surface should he moved, and {f they are v i~
rA <)
A fc coitaor Jith the surface, they should be moved at least one hour bhefore g
4
™ .
RS iagpect fon, "
- . Ehd
;2: Sﬂ
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.'4 o
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The heating system should be left on unless turning it off will cause

more than a 4°F or 2°C change in temperature. Operation of the heating

N

system should not mask existing thermal anomalies.

In contrast with the ASHRAE standard the proposed AS™ practice is

SR

specific with regard to onsite equipment check and settings: =
l. Verify that the system meets MRTD requirements for the temperature o
gradient through the wall,
2. Instrument gain or contrast should be set to allow (in the 1image)
the operator to distinguish a stud from the wall around it. The brightness
or level control should be set so that anomalies or their reference areas
are not in saturation (maximum brightness or white) or in suppression
(minimum brightness or hlack) on the display.
3. Verify proper operation of recording system (if any).
4. Produce hard copy of the thermal image of the wall.
Similarly the specifics of the Inspection are outlined in the ASTM
practice:
l. A complete quality control inspection of the building may consist
of both an exterlor and interior inspection of all surfaces which should
have been insulated.
2. Inspections should be made of all surfaces which can be viewed
with an angle of less than 30° from the normal to the surface. Inspections
should be made from several angles to detect the presence of reflected
radiation.
3., For an interior inspection, scans should be made from a position

which allows a view of at least two horizontal and one vertical stud space.

29
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4. For an exterior {aspection, scans should be made from a position -
which allows a view of ar loast six horizontal and three vertlical stud ;{
Ee

5o Hard coples of each anomaly with notation of the location of all }f
patlding characteristics (e.g., windows, doors, and vents) should be made. ?
-~

The uality Hf the hard copy should be based on the need for calculations . ;f
of areas Jitn {nsuftficlient {nsulation or for ident{tflcation of cavities ::
cith o varied Jefects. The primary purpose of the quality control inspection E%
is to provide precise shysical location {nformation to allow for corrective ‘ i:
retrorie, '~
Tt is not possible to provide a detalled interpretation of thermal R

patt-ras without some understanding of the construction of the building.

o
W
-

~
RS It should be determined, if there are air spaces between the Inspected sur- :'
-“::-' 9
W face and the insulation, whether there are heat sources in the cavity and Q'
! Dy
& fu
¥ the composition of the wall enclosing the cavity. In cowmparison with the -
™
studs, locations without insulation appear colder in interior inspections e
ind waraer {n exterlor ifaspectinns. Air leakage between the insulation and :}
“» N
u the surface may cause a thermal pattern similar to a location without insu- >
PR tation. The Interpretation of the thermal image or other hard copy allows -
P 7,
3 deterlnation of the following: N
. -
-_"-_ ~
= i« Total area and location wherz there i3 no insulation. ~
'{E . Total 4rea and location where there is full insulation. ;
e, -
ot i
o ! Total irea and location where there {s only existing i{nsulation ' \
e (S
b !
y s

‘

x
n
%

*hose applicatifons where insulation is bheilng added).

|

.

Ld
S

. Locatinn of cavities with fmproperly fitted ingulation, or shrink-
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3. Location and extent of air leakage or moisture damage.

Irregularities in the insulation and air tightness of a building will
provide various apparent surface temperature patterns. Certain types of
detects have characteristic shapes in a thermal image. In evaluating ther-
mal patterns, the following characteristics are considered:

s l. Relative uniformity of the thermal pattern.

2. Contours and characteristic shapes of the thermal patterns.

3. Irregular pattern shapes with uneven boundaries and large tempera-
ture variations produced by air leakage in the building enclosure.

4. Regular and well defined pattern shapes produced by missing
insulation.

5. Mottled and diffused patterns produced by moisture in the struc-
ture where temperature variations are not extreme within the pattern.

6. Measured ditference between the temperature at a location on the
wall with full insulation and the temperature of the selected colder or
warmer region.

7. Continuity and uniformity of the constant temperature region over

the surface.

1Te"a
D
P )
)
[
)

The type of defect can usually be determined by calculations, ancil-

[P
L

2

.

AR AN

ol

lary measurements, experience, or by comparing the actual thermal image

.
'

with reference thermal images for structures with known insulation
defects. Such determinations should be substantiated in the report.
The ASTM practice specifies that the report on a quality control

inspection should contain, at a minimum, the items listed below:
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"'c"
8
RN
.
J)
3 , | .
T l. Brier description ot the construction redtures ot the building.
oY
". " axTe) . . . N + . . .
N“ﬂ “This inrormation should be based on drawings or other construction docu-
" nents when available).
3
oV, -
o _+» Tvpes ot surtace materials used and their estimated spectral band
mittance
S cmattance.
Yo arientation oi the building with respect to the points of the com-
pass and 1 description of the surrounding huildings, vegetation, landscape,
¢ oTisrocainmate,
P <. Lgnipment specitications, including model and serial number and
o
e ans criticil settings used during the measurement.
:“-4"
oo . Nate and hour of the inspaction.
e
v ». oatside alr temperatures observed in the course of the twenty-four
o L oars befTe and auring the iaspection.

tnrormation about the solar radiation observed in the course ot
wolve hours before and during the inspection.

~. Precipitation, direction, and velocity of the wind during the

N RURERER S WO T4

Y. Inside air temperature and alr temp:rature drop across the

“» Anv other important tactor intluencing the results.

Stetches /photographs of the building showing the positions ot the

1 HITESAE SAS TN
.« .erinal images with indications of their respective positions, and
with oo o amet.ls on thelir appearance.

.
x

estiits of the analvsis dealing with the tyvpe and extent ot each

has been observed.
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l4. Results of supplementary measurements and inspections.

15, Estimate of the total area and location where there is no insula-
tion.

In, Estimate of the total areva and location where there is full
insulation.

17, Estimate or the total area and location where there is only exist-

]
ing insulation (for those applications where insulation is being added). A
r_\ "
." lN'
l8. Names of numbers of inspection team and team leader. 1&;}
SN
- Py
e G - . wy
NONDESTRUCTIVE SUBSURFACE MOISTURE TESTS TYRW
N ,.';:'\:
l: Ry
Thermal Imagers Wi
. {x.‘-::'-\;
The prevalent existing method of using visual means to detect moisture el
within the insulation of built-up roofing systems, and cutting into the
membrane tor verification has provided a useful but localized view of mois-
ture damaged roofs. Experience has indicated that this procedure often
leads to misinterpretation of roofing problems.
The development of roof inspection techniques using thermal imagers
provided a means to quickly detect and accurately map subsurface roof mois-
ture, and plays a significant role in non-destructive testing of roor
assemblies. Due to the portability of imaging equipment, surveys can be
performed by walking the roof or by scanning from the air. The method
selected depends on the construction of the root assembly, climatic condi- ;3:!
e Y
= <
n N
tions, the size of the roof, the number of roofs being surveyed, and the ‘:?;:
B A AR
AN
: . . . . F K
problems and the information desired. The best time to survey a roof is \5;3
[
during the night. Certain problems can also be investigated from the ﬁiap
N
A
interior and good results have been obtained using this technique with 2,

:§f 1"
A

E
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adverse weather conditions. Information can be stored on video tape or

AR
EAEA

S

iilm, depending on the future use of the information.

"~

Although wet insulation is usually depicted as a bright area on the

,

.
F )

£
k)

viewing screen of a thermal imager, not all brightness can be attributed to

IR

cantrapped moisture. Exhaust from roof -mounted fans or heaters suspended

¢

below the roof, changes in construction, and repairs on areas that have -~
: N

been re-roofed, often resemble entrapped moisture on the thermal image. <o
"

The technique of thermal imaging senses variations in surface tempera- b »

tur2>, and only senses the effect ot moisture as it relates to the surface
temperature of the membrane. All materials between the interior and exter-
ior of a huilding, including the ceiling and air spaces, are considered
part of the roof assembly and all influence the thermal performance of the
root.

Moisture reduces the insulation's effectiveness and increases its con-
ductivity. At night, during cool or cold months, this moisture can be
depicted in a thermal image as warm zones on the roof's surface.

buring warm or hot months, under conditions of intense solar radia-
tion, the roof acts as a large thermal collector. Any insulation laden
with moisture absorbs this radiation and acts as a heat sink. After
suns.-t, especially on a clear night where there is good radiant cooling of
¢.¢v surface, the moist areas tend to hold their heat, forming warm zones.
ihe awount of thermal energy stored by a roof is directly related to its

~amstruction and the volume of moisture trapped within it.

L
The perinod in which the inspection must be done begins after sunset by
X when the wet insulation areas remain or become warmer than the dry areas to C?
o
)

3

provide a4 detectable temperature differential. As the root cools

s
ol
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heX

throughout the night, the temperatures of the wet and dry insulation areas :rj
o

tend to equalize. )
o \1

During the inspection procedure, thermal anomalies may appear. ;ﬁ
Because these anomalies may be associated with phenomena other than wet ‘-
-

insulation, (e.g., interior heat sources, light fixtures, steam pipes, -
. R

. heavy gravel, etc.) they must be verified by taking roof cores. Other B

means of verification may also by used.

The use of thermal imagers for mapping subsurface roof moisture has
one very significant advantage. Since these imagers can be used to quickly
pinpoint the presence of subsurface moisture in insulated roof systems,
only those locations which are suspect need be considered for maintenance
action. This means that the "guesswork”™ of attempting to locate suspect
subsurface moisture over large roof areas has been virtually eliminated

from the process of visual inspections. Once moisture has been confirmed

in those suspect locations the cost of reroofing will be limited to these

specific areas. Before the advent of the use of thermal imaging techniques ’?:
there was no way to quickly "see” the presence of subsurface moisture. Now :i\
]

g

that these techniques are readily available it is possible to quickly and

By 2 %

Srn

precisely assess where maintenance action is required. The potential

annual cost savings with this diagnostic technique can be enormous.

£
L

There are several limitations to the use of thermal imagers for roof

subsurface moisture inspections. For proper interpretation of the thermal }:j
imagery there is no need for a thorough understanding of both infrared é%i
theory/applications and roof construction. The equipment must be capable :;i
" of detecting relatively small temperature differentials which may occur E;ﬂ
with damp insulation or under less than optimal conditions. It must pro- ;%:

OO0
LSS
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L ide 1l imaye Wwith sufticient clarity and contrast that will provide useful K
e -
18 - . . . . . . . A
e and readanie inrormation throughout the entire inspection period. The R
LAt i
Al v
a0 st o be portable enough to permit the operator's access to all areas 3
._-t.:- -
\:f ot Lie Too!s to be Inspected. Uninsulated roots do not, in general, retain -
o surficient quantities ol water tor a long enough time to permit infrared N
o E
\' insoestions,  Jhe etticliency of visual inspections on uninsulated systems 4

.
4

.
Jat

- “sosucn Lhat the use of Instrumented inspections is not required. w
L. N
- 9
fx: mavivonmentar condicions mnst be near optimal for location of interply . B
#al ¢
To1st oreo Since lelt plies are highly porous to moisture, interply mois-— ;
e !
S Lhre ¢ a transitory state and may be more readily and economically located N
o N
X ) aWoves T evawination.  For these reasons, the use of instrumented inspec— Y
LN

{» tion tor othe locatlon or interply moisture is of questionable value.
k. - Lightweight conctrete decks may be inspected, but care must be used in

N interpreting the dar2.  These systems are poured in place and often retain
o

&' | SACMRAV IR 4 ¥

1 si2n17icant moisture content. Unless this is realized, the data may tend

o to «ruiicale unarceptable molsture contents throughout the entire roof. .
SN i
~ -.' . ~ . T . I3 --
K- Taspeotions o this type system are more ditfficult because the boundaries ;
- - o
J Tty wet arcils are indistinct and extensive verification is necessary. >
s <
A . . -
o] [niew Livers o insulation may mask the thermal loading effect on -
L -
‘A . S ; RN
o maiture retained in the lower layers and prevent its accurate location. &
' -
L v torwal insulator placed over a layer of wet insulation makes moisture E
A}*: i rion wure dirtienit. "
'e ::. . tq:
- , v
{} uiocianini oo d osurtdace reduces the energy reradiated from the roof and o
1 1} o
‘ . . .
}_v increases to cnerry due to reflectance. Therefore, a newly aluminized -
)
'j{ roo! surtidce may be impossible to inspect until the surface reflections -
Lece -
G{ ha v ~en reduced throayh oxidation or other contamination. 5
1, %
-
: .:{l‘ l.‘
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A surface with heavy gravel above the insulation will retain sufti-
cient heat, preventing temperature differentials due to the moisture con-
tent of the insulation trom being detected, making it difticult, if not

impossible, to survey. Anything on the building interior or exterior that
significantly affects the roof surface temperature may make accurate
inspection results impossible to obtain.

When a roof inspection depends upon temperature differentials
generated by solar radiation, a roof shadowed by clouds, trees, or building
appurtenances may not receive sufficient solar energy to permit an inspec-
tion. The roof must be free from surface moisture or snow during the
inspection. If the roof surface is wet the day of the inspection, the
sun's energy will be spent drying the surface instead of warming the wet
insulation. Inspection of the surface may be difficult.

Winds in excess of 15 mph will significantly increase the convective
cooling effect on a roof and will cause the wet and dry areas to rapidly
reach the same temperature. This effect shortens the time of inspection.
Although an infrared inspection of a roof is generally regarded as a

nondestructive test, verification of the results may not be. Since thermal

image interpretation cannot absolutely guarantee the presence of subsurface

moisture, other means of verification must be used. Roof cuts are the most -

reliable form of verification. The use of thermal imaging techniques must

be considered quasi-nondestructive until such time as a nondestructive

verification technique has been developed.

%

The use of thermal imaging techniques for subsurface moisture inspec-

&

-
4y

tions of roofs is a recent development. There have been no known recent

significant advances in inspection techniques.
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o Spot Radiometers B
AR
f_-.‘ Although theoretically a spot radiometer can be used in every applica- o

~ N
- . . - , . . : < 9

tion in which an imaging svstem is used, from a practical perspective, it E
o gat !
o : e o e . "
o would be difficult to justity {ts substitution in every instance because of -
..:_. ',
» )

< U, . - . o . M
e the nasic and signiticant difference in the characteristics of each R,
o W

! Jevice, due to the localized measuring capability of the spot radiometer, -
".l WJ
[ “he ASHRAr standard 1)i-1981 recommends that that instrument be used for )
! ;
3 :‘ (1) interi r measurenents of wall segments to detect the presence of - 3y
) ¢

tnermal anomalies, and (2) to determine the apparent range of thermal
LU R ) .
"-.“ . . Ly g . P N
W resistanc- Y a bullding component utilizing the Temperature Index or o
4% ."‘

o simllar technigue.  The use of the spot radiometer is not recommended by -
B 04
@ that <tand:rd oor exclusive use In conducting surveys of total wall
22 .
oo | o , e ¢
‘_:_:' sections or ifor complete building surveys ilor the purpose of identifying o
-.".1 ;
. ) . ‘
AR all irsuiation woirds and air leakage paths. z

~ .
L 2

The A5HRAL Stancard has estabiished two classes of interior measure-
>
. . ) -
AN ments: A and B, The Class A measurement is used to locate the presence of
x5 k
Qe thermal aconaties and to determine the local range ot apparent thermal -]

- -
(g [}
J resiszance (K-value) 5f & building component while the Class B measurement

BN N
[ , ) . ) N
Y is uscd nly Lo detect the presence of thermal anomalies. “~
“-._'. [Nt
o . -3
o For vlass A measurements, the Standard stipulates that (1) a spot ~3
.’i\ Y

]

& . o : . c . .
< o.uometer be calibrated with a hlackbody reference with a temperature -
«© 4
.‘..4‘ Pl
in - $u
--‘..' . . Db + = a : . . ."
oy GoooLragy within 2 o003°C (U.0°F), (2)indcor ambient and outdoor air N
-l..-. N ..‘
ey ) L
Ny Temperal Wre be Jetsrmined within an accuracy of * 0.3°C (U.5°F), (3) i
N 0

. ¢
;.‘:‘ outdoor atr L0, erature be measured with a conventional thermometer, (4) -
' T
. < [
m 10door anblent tesperatvure be measured with a spot radiometer by pointing "
»
‘: o I
¥ it 4l a0 et having an emittance similar to the exterior wall and o
Wl "
)
"".":' [N
‘;f:- R L&
o ~3
\..‘- -~
\n"“ <
w¥d L
(7 -
Wy ,.
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thermally insulated from it, (5) spot checks to determine range ot apparent

thermal resistance be conducted no sooner than three hours after sunset,
(6) the heating system be turned off one hour prior to measurement, (7)
curtains and drapes by pulled closed, and (8) measurements not be made on
‘E ref lective surfaces. For Class B measurements, the Standard states that
. (1) the indoor/outdoor ambient air temperature difference must exceed the
appropriate value for a period of atleast two hours prior to any
measurement, (2) spot checks in no case be made when the indoor/outdoor air
temperature ditference is less than 10°C (18°F), (3) exterior to interior
surtace measurements of building components exposed to solar loading must
P~ exceed the appropriate values, and (4) the heating system be turned off one
hour prior to measurement. In actual use the spot radiometer is panned
slowly across a wall section in order to allow for the instrument response
time. Any significant temperature changes are noted by the operator.
The following data are recorded:
Date
“ Time of day
Indoor ambient temperature
- Outdoor air temperature
. Wind speed
Wind direction
,:3 Weather conditions
Surface finish and materials
Description of building construction
Window glazing

Orientation of surface

ﬁ’\'- "n 'J‘ r*'ﬂ -f.f.(.f'*-"'--".n.'f '('._O.',.{_ (T a”
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Jther facrors which might affect data
Ranve of apparent thermal resistance
Appareat outdoor’/indoor temperature ditference.
when pakins Ulass A measurements using the Temperature Index Method

the range oI apparent thermal resistance is determined using the procedure

Ziven in Section 3 ot the Anpendix or the ASHRAE Standard. When spot )
Jhelds are conducted ©y deternine the existence of cavity insulation, cer-
tiin criteria dre appli=d to decermine if in ract that insulation is ‘
Dreseticr fhe wall o is o ivsulated if the apparent surtace temperature between
studs is oorooater thu the aprarent teaperiature of the studs and uninsulated
SR Lhe apoarent o soud compesature 1s o less.
Cltooae. v izl of Ty soaae advdntages and limitations of interior and
SATeT L0l Lisprlions are 2xperlences by uperators of spot rdadiometers and
LTar 00 syt The daitiondar limltations ot a spot radiometer ‘nonimag-
HEATSRE SN I . teate additional problems tor an operdator of that
device. Tooer it e srehoems s the time required to conduct a complete
crverp oandes . Larite oL o Insulation installation inspection, or
2lecroloal acanare o saspection, The other problem is the rapidly expand-
iny tieid ol sl w that accurs with increasing distance trom the surtace
Rl e asared WU Inout coner it ot an image that can be monitored). With-
e o herotitoor oar faerinyg capability, it would be almost impossible to
cov aput todrometer o tnoapv o application requiring pattern recognition .
T HeuT ac welsture tests of roots and wails). Theretore, its use
ALt e Te o ot v, e applications requiring extremely localized sur-
.
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r?}_ The advantage of using a spot radiometer is that tor extremelv local- .:
S -
,jnf ized surface temperature measurements, it can be used to quickly measure -t
LA »

f~. o

them and infer a range of R-values for that particular locale.

i Portable Line Scanners :
7 4
" : The use of portable line scanners is not unlike that of a thermal N
b "
b . ) } . ) . '
5 - imaging system. The significant difference between their use is that an é
W -
vﬂ imaging system automatically produces a thermal image of an object through T
i ‘-::c Tl
o a combination of optical and electronic components, while a portable line 3
o -
) scanner produces a surface temperature profile superimposed on a visual 1
. N 4 3
gj image. A complete temperature map of a surface can only be made by ;
. Y
" f
: ~ manually scanning (moving it up or down in a manner that will produce -
- -
D
pPa temperature “lines” that are superimposed on the visual image of the sur- ;f
:iﬁ face being observed). x
:ﬂf At the time the ASHRAE Standard was being drafted, no portable line o
e e
) scanners were being sold. Therefore, that standard does not cover the use
“}fj of such a device. 3
B \.:.' .:q_ .
- Because the line scanner 1is not an imaging device, the time limita- hY
'\"'. Ay
J tions for large scale surveying would be similar to the limitations of a :
. Q spot radiometer. However, because a visual image can be produced, use of 2-
N o
a . -
¥H: the line scanner generally has the advantage of taking less time to corre- .
A .
AN 3
N late a thermal anomaly (once 1its located) with its precise physical loca-
"ii tion. 4
Ay e
o . , . W
:,: For certain applications of electrical inspection, a portable line %
~ .
S
scanner has the advantage of not being affected by spurious electromagnetic 2
]
fields produced by the electrical equipment itself. This means that if the *
"
“
components to be inspected are obstructed by other components, objects, or h$
t
’
“~ -
~7 41 A
s 3
- 'r .
" .
N
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NONCONTACT ELECTROMAGNETIC MEASUREMENTS

NUCLEAR METER

-

1%
oI

g

Measurement and Analysis. As early as 1941 a paper in the 0il and Gas

LI R

s * 3 %
TR I e R o |

]
* 'r’.’ ’

Journal described the basic process used in the nuclear meter. The instru-

ment was developed for use in petroleum exploration and consisted of a

o [
N} -
:3' neutron source and ionization chamber. oy
i:g =3
w The nuclear method for determining moisture content of a material is iy
. . . L4

based on the principle of measuring the slowing of neutrons emitted into R

"«' N
:-:: the material from a fast-neutron source. The collision of the fast neu- ".:-
o :\'
o . . . o
e trons with hydrogen atoms in the material slows those neutrons. The number -
‘:q of slow neutrons is detected by a counter tube and electronically counted. x,

o5
.
1] ‘. "
LT

.

LU

i

The slow neutron count is proportional to the amount of water in the mater-

e
ot
A

ial.

L

The nuclear meter has been used successfully to delineate entrapped

I.. LS
‘?.—' Ny
:" moisture on a large number of buillt-up roofs. Use of the meter is reason- ::.-
=
:-". ably simple, requiring only it and a calibration block. The work can be :;u
g done by two people who are trained to use the instrument. An average of -
" 13
o v
< 400 readings (approximately 32,500 sq ft of roof area) can be surveyed per v
- o
"-- V.‘f
e day. Ny
:_, Accuracy. Not determined for roof measurements. 8
- ~°.4
3 Advantages ol
N >
o ol
-.j Nuclear meters can be used to detect entrapped roof moisture. The \
i - J
3 number of backscattered slow neutrons received (compared to a reference -
U \4-.
: standard) is directly related to the number of hydrogen atoms present in '::.
L] R
N g
;: the entire roof cross section under the meter from the surface to the ,:
ot 43
o g
s ‘.')l
&
5 .
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deck. A reference grid system will proivde an accurate location of

entrapped moisture at the expense of increasing the time required to com-

pilete the job. The nuclear meter can also be used to check out and verify

"
-~ : :
;_\; suspect locations found with an infrared scanner. Use of a nuclear meter
o
;".r' srovides contact with the roof during daylight hours when visual inspection
Q nt the root materials can be made.

]
% )
:.*{ Limitations
Y _
i The neans of detecting entrapped moiscure is direct in that the meter -

, re<2oads to hvdrogen ion concentrations in the material. A grid system
!
o must be laid on the roof and readings need to be made at each grid inter-
G ‘

-,‘: sectinn. This procedure slows down the survey, but provides an accurate
@ : . : -
m 1ap, since each reading is referenced to a position on the roof surface.
i
o
S Cost. Instrument costs range from $2800 to $5500 and can be used for
i Sev=ra. yYears without extensive maintenance.

.

New Technology/Developments. None.

Manufacturers. Campbell Pacific Nuclear, 130 South Buchanan Circle,

Pacheco, CA 94553, (415) 228-977U; Seaman Nuclear Corp., 3846 W. Wisconsin
Ave., Miiwaukee, WI 53208, (414) 762-5100; Troxler Electronic Labs, Inc.,

P.U. Rox 12057, Cornwallis Rd., Research Triangle Park, NC 27709, (919)

>49-56651.

b g

g CALCACITANCE SENSOR
a
s “zasurement and Analysis. The dielectric constant for a roof contain- *
i -
‘6 ing moistvre will be significantly different than for a dry roof. For
t -xample, water has a dielctric constant of about 80 while dry roofing
A
f
*

m~it-rials have a dielectric constant of approximately 4. This extreme

7o
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. ¥
L difterence affords the use of an electronic capacitance sensor to detect e
) Sl
2,
" moisture in both insulation and membrane. .
-, po:
N Moisture readings taken from the capacitance system are plotted on a F#;
T -
N drawiug of the roof to create a three dimensional representation of mois- A
R ‘
N ture content. :

' - Accuracy. Not available. r&"
o =

D Advantages

::.

A Sensor can detect moisture in both membrane and insulation.
1 R
Limitations ; ﬁ
. noe

- Sensors cannot give quantitative results. Grid has to be laid on ?;?:
3 \‘::
d roof, increasing moisture survey time. b
1 AR
\ I

Cost. $275 to $4200. ja4

x New Technology/Developments. None. j{f
» S

" Manufacturers. A-Tech, P.0. Box 5576, Madison, WI 53705, (608) by

4 A

.

831-5333; Tramex/United, 1300 Shoshone St., P.0. Box 4246, Denver, CO .

= 80204, (303) 892-0400. oy
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:"\ CONTACT HEAT FLOW MEASUREMENTS
. \

HEAT FLUX TRANSDUCERS

Measurement and Analysis. A heat flux transducer (HFT) is a thin

water, either circular or rectangular in shape. The wafer contains an
embedded thermopile (a series of pairs of thermocouple junctions placed

across the water) which produces a signal proportional to the rate of heat

flow passing through the wafer.
The constant relating the output to the heat flow rate is called the
sensicivity of the device (expressed in millivolts per Btu/(hr/ftz)) which

is a slignt function of its average temperature.

R~ N , = 3 .
SHAN AST™ Standard Practice C 1046-85 for In-Situ Measurement of Heat Flux
AT
:ij and Tewnperature on Building Envelope Components specifies the procedure
e

out lined here more fully.

The output signals from heat flow sensors can be read out at any

O interval using data loggers, strip-chart recorders, or analog integrators.

Any read-out device must have sufricient sensitivity to rescive a signal at

::ﬁ its lowest level.
i 'n,:".
o I . R R .
afﬂi fanutacturer's calibrations of HFTs are seldom valid for use on build-
%
A . . .
% . irgs. Because HFTs distort the heat flow which they are intended to
o .
L measure, 4 change of materials, temperatures or other factors may change
F"-, ’

N : ~
uuit the conversion ractor significantly. Therefore, calibration of HFTs should
"o, | , ,

duplicat: the material and thermal surroundings in which they are to be

-

L used. [t the sensor is to be permanently imbedded in the construction, .
e b the calibration procedure should represent the materials on either

i S1de 0!t seasor. [f the HFT i{s to be surface-mounted, then the calibra-
H Jc
4 .b.’.-
.-
SO
~ J.; 46
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tion must occur in an apparatus which simulates this. 1In either case, the
temperatures and heat flux during calibration should approximate the
average temperature and heat ftlux which the sensor will likely encounter.
ASTM Stnadard Practice C-1046-85 describes these requirementts in greater
detail.

When HFTs and thermocouples are to be surface-mounted, masking tape
usually provides good attachment, smoothing over the sensor to avoid
disrupting air movement, and adequate matching of infrared absorptivity.
The match of absorptivity is important so that the sensor will absorb heat
in a manner similar to its surroundings. Surface-mounted HFTs should be on
indoor surfaces only because of the strong influence of solar radiation.
Curtains should be drawn to prevent sun from shining on measured surfaces.
Gaps between the HFT and the surface of more than 0.5 mm (0.02 in.) can
cause errors from 2 to 10% because of convection. A layer of gel tooth-
paste or similar substance behind the HFT can improve thermal contact.
Thermocouple leads should be attached to the surface for a foot or so
behind the junction to ensure that the measurement represents the surface
temperaiture.

Thermocouple junctions are mounted (using epoxy) to the inside and
outside surface of the building component. After the epoxy dries, the
junctions should be covered with the same paint as used on the wall in
order to equalize the absorptance and emittance of the measuring location
to that of the surface. Thermocouple leads should be run at least a couple
of feet along the surface in order to minimize heat conductance along them.

Accuracy. When the HFT technique has been used in field and

laboratory studies to determine the thermal resistance of walls and roofs,
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" “{
o
l:&? the agrevament between measured thermal resistance and the corresponding
QV,\
-:,; predicted thermal resistance using steady-state heat transfer theory has
Ke7s
.
agreed to within 6 percent when the composition of the wall was known
.‘ -
'&j accuratelv. For the calculated values, heat transfer coefficlents from
{h: engineering handbooks are used. Without a third means of verification,
A -
! such 38 drilling an inspection hole, it cannot always be determined whether

A the ditference between measurement and theory is due to the use of
N,
4*;‘

~ incorrect values of the material properties or to inaccuracies associated N

with the m2asur=ment.
’
o
~mume~

S‘*\q ot .
N in attempting to assess the thermal performance of building compon-
]

@ ents, it i{s npecessary to determine the quantity of heat passing through
X

J”? thuat component in a given period of time. The result of this measurement,
Xodd

j&ﬁ together with interior/exterior surface temperature data taken over a

5

pericg of time, can be used to calculate the thermal resistance (R-value)
of tne c¢omponent,

¥ will produce a quantitative value.

T meost inmportant advantage of using HFTs for measurement and

a4’ 515 1s that they produce a signal output which is related to the heat

:1ow rharough that particular location. The addition of contact temperature

rs ta the irside and outside surfaces enables the calculation of the

Ay
5 ™ , .
L) f to I resistance (2-value) of the building component at those specific
"‘ v
h \; location-,
- X
et Limitaticns
o T
.9 : Sinee an BFD is a contact transducer, it must be mounted securely to
"
l‘.
o t' bdullding component to insure the accuracy of the measurements. Thermo-
) § p y
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graphy 1is recommended to assure that sensor sites are appropriate. OUnce

the sensor is placed, the results obtained are only applicable to that one

S
‘,v . e
i .

~

spot.

B4

L]
Ny
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An HFT with a relatively small thickness can have a fluctuating

Py

r

*y
Y
CRPATS

L

A

T
Lres

signal. This may require averaging.

t
£
.
»
1,

- Since the sensor contacts the surface, heat flow at that location is

perturbed. If the heat flow is only in one dimension (i.e., through the

XA
l."
5

surface) the sensor should be measuring the actual flow rate. However, if

2

the heat flow is multi-dimensional (i.e., along and through the surface),

s
Aol
the sensor will not be measuring the actual flow rate. RO,
Setup time for a heat flow rate measurement can be somewhat long. It f??}]
o,
Wby
several (or many) locations are to be monitored, setup could become
. --_ o
extremely time consuming. _::??
. , Kone
Since careful calibration, detailed measurement preparation and proper &1ﬁx
SO

data interpretation are necessary, qualified technicians are required to

li!;

carry out this procedure. Field personnel should be experienced with - n:
e N
) <
D
proper low-level electrical measurement techniques and also have an under- ﬁ":ﬁ
AN
W
standing of the fundamentals of building heat transfer. If the dynamic sl!f

response of a building component is to be determined, graduate level train-

ing in mathematics is required.
A minimum temperature difference between inside and outside air !
~

temperatures must be malntained in order for an HFT to respond with a

measurable and useable output signal. Spurious voltage sources can induce
fluctuations into the measurements; however, integration can be used to [

average out many of the fluctuations. NS

S

P
s
.
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Mounting an H¥[ onto the exterior surface of a building cowmponent
shouald be wvorted since the sensitivity of the device will change with the
change in the outside air temperature.

o order to ohtialn a representative R-value at any location, the

sensor shonld remain at that location for at least one diurnal cycle, (24

-
nrs? vdepending upon the thickness of the construction). Building enclo-

suTe svSsTemns consisting of masonry walls may require measurement over a

perlod ot omaree davs, -

=7+ lhe 2ost o or o neat flow sensor depends upon its size. The
Gpofoxle e a0t most <mall to medium size sensors is in the range of
a2t . Larder sensors wiil cost more. The total cost of a system

{52y 0 o reggout device) o mouttor one location would be approximately

roiogvibDevelopaents.  In studying the performance of building

inprove their energy etficiency, it is sometimes necessary to
W are et Tiows that are relatively small and spatially nonuniform.
Mot afis can ususllv determine the area-averaged heat flow.

The Toiwreice perreley Laboratory has developed an HFT, based on ac
resi-tance theroometry, that will accurately measure average heat flows

Ov T LATSe dreas.  S.ev have built several moderate-sized (0.09 m? or 1.0

- o otyees and are pisnning larger units (0.7 m? or 7.5 ft2).

",

- .

P me oo rechntooes can be used to construct larger HFTs, and average

n‘ - hd
o0y

- ROR S CLer o are areas may be measured with comparable sensitivity by

)

'f a convenient size. Their work has exposed no
and the major difficulties expected will be in

irye units from strains and in developing a
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convenient method of calibration. A lower sensitivity could be attained by
improving the design of the amplifier.

The most recent development in the use of HFTs is that of combining
their use with a thermal imager to determine the proper placement of the
sensor in order to avoid locations (framing members, insulation voids) not
required for monitoring.

Portable Calorimeter

Recently, the Building Research Division of the National Research
Council of Canada (BRD/NRCC) developed a portable calorimeter (guarded hot
box) for measuring on-site heat transmission through building components.

The calorimeter is a five sided insulated box, the open side of which
is sealed against the building component on the hot side. An electric
heater located inside the box is thermostatically controlled so that the
temperature is equal to the indoor temperature of the building enclosure.
Since the reverse heat loss through the box and the loss where the box edge
contacts the surface are essentially zero, the metered energy supplied to
the electric heater is essentially equal to the heat transmission through
the building component. This technique has the advantages that the
measurement provides a minimum disturbance to the heat transmission and a
sufficiently large measured surface is considered to be more representative
of the total performance of the building component than the smaller surface
measured by an HFT. The accuracy of the technique is about 5 percent.

Prior to a calorimeter box measurement of a building component, a
representative measuring site should be selected. While thermal anomalies

need to be located, there is usually more interest in the performance of a
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KX building component in ar:is free of defects, unless the purpose is to -
.- <
B medsure the efiect of thermal anomalies on the enclosure performance. -
by LS i‘
A e
The calorimeter box is sealed to the measurement site. 1t is very ;i
._"\-.
loportant that a good seal is provided along the edge in order to prevent ?{
~
convective exchange between the calorimeter and the room air. éi
. '$
.y Reguired Measurement Periods for Various Building Components. aﬁ
L7 o)
E >, & . w’
2 Measurement Time &
s Component days -
? .:,":l - !
¥ o s . . .
Built~lip Roof, Concrete Deck o e
. Built~Un Roof, Steel Deck 0.5 ~
e wood-rrame Cavity Walls 1.0 o
hOS “lasonry Walls 1 -5 =3
g o - "
AN Metal Curtain Walls > Ued ~4
‘O v
o0 Td Taes: aeasire scat perioads should insure an accuracy within 5 percent in
: o . . v N 3 E
SO Jetermnining the thermai resistance, R. -
L) . -
, : . 5
catorimeter box measurements should be carried out only during periods o
Y
whern fhe outdoor and indeor temperature difference is greater than 10°F.
J{. Solar radiatior on walis in the winter season may frequency produce :ﬁ
S -
3{- tenperature ditferences less than 10°F., During the measurement, the indoor o
._\). ;'-
B temperdture shouid re thermostatically controlled at a constant level in
Y : ) o . | =
. ofoer Lo minimize dirferences Iin the temperature between the calorimeter o
AN iy
[ box g the room.  Solar radiation and conditioned air trom supply vents ~:
Ko -, .
Y
. .1’ - |

Siold not contact fhne chilorimeter box.

¥
s
2 B

.' . . . et r-~‘
. the  «thods for interpretation of data from HFTs are applicable to ro
. .’,‘-:, & -
. A} L
W data roduced ov this technique. However, the results are applicable to v
“, Cu !
>y ) , i
farger ~r-as or the building components., ‘ﬁ
o This techatlque has been used only by the National Research Council of o
o ;
N , .
- Canada.  Thev have constructed !0 portable calorimeters and have had pri- |
CUAN “
A a
vate contra:turs construct portable calorimeters using their specifica- ]
[ ) x
. .
N ey
v =
1) 52 Cj
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‘h
>, tion. The cost of construction is estimated to be from $800 to $1000. No
[ ':
&
>~ data are available describing training requirements; however, they should
b
o«
- be equivalent to those described for HFTs.
~ Envelope Thermal Testing Unit
hY
:: The envelope thermal testing unit (ETTU) was developed by the Lawrence
)
- . Berkeley Laboratory in order to evaluate the on-site transient thermal per-
Ly
1{ formance of walls. It consists of two “blankets” which are attached to
1
:J' opposite sides of a wall and through which the heat flux to opposite wall
o
2a¥
surfaces can be controlled. This unit was designed to overcome some of the
iy
. difficulties in using HFTs and calorimeters for the on-site evaluation of
'S building components. Unlike those devices, the ETTU controls variation in
“ heat flow and not temperature.
: The term "blankets” is used because they cover the test wall section
- and are slightly flexible so that they can be made to conform to slight
irregulari.ies on the wall surfaces. Placing the blankets in thermal con-
0} tact with the wall eliminates complications associated with air film and
.\‘iI
4,83
- considerably reduces the bulk of the unit.
>
'
\' Each blanket consists of a pair of large electric heaters separated by
,l
;ﬁ an insulating layer in which is embedded an array of temperature sensors.
8.{
‘O
» Each heater 1s designed to provide a heat output that is uniform over the
&
< whole area.
:: A microprocessor-controlled data-acquisition system determines a
:: ) planned variation in heat flow and records the wall's response.
N
.28 ]
. After calibration of the unit, the thermal resistance of a building
Y
‘: ) component can be determined within * 5 perceat.
7
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This technique can be used where accurate determination of the thermal
characteristics of the building enclosure are required. Its accuracy makes
it sulcable for the verification of thermal specifications in new and
retrofit buildings. Since it requires the application of both an exterior
and interior blanket, it may be difficult to use on the upper stories of
tall buildings and cannot be used in below-grade applications. This tech-
nique should be applicable to both cold and warm climates. Where possible

it should be used after a thermographic survey.
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w CHAPTER 4

KA

"

m BUILDING ENCLOSURE SYSTEM EVALUATION

)

i)

) AIR LEAKAGE MEASUREMENT

-

& DECAY (Tracer Gas)

- Measurement and Analysis. The leakage of air into and out of a build-
< ing is one of the major components of heat loss. Although recent advances
"

: {n instrumentation have made it possible to measure the air leakage rate of
-

WY a building automatically, the techniques to obtain these data are both

.; expensive and time consuming. In attempting to assess the alr leakage

:i characteristics of a building, four questions must be answered: 1) what are
y

the measured alr leakage rates under varlous climatic conditions and usage

.'h ‘.

patterns, 2) how tight ts the bullding after retrofit measures are applied
R to it, 3) where are the leakage paths, and 4) what is the severity of each
leakage path.

Air leakage 1is the uncontrolled entry of air into or out of a build-
ing. It can be measured under natural conditions by mixing irndoor air with

a gas not normally found in elther outdoor or indoor air, (e.g., sulfur

’

hexafluoride (SFg)) or by measuring the excess (indoors over outdoors) of a

: naturally produced component (CO,, CO or radon). This substance is called
i: a tracer gas.

-~ The infiltration rate of a building 1s usually determined by the

<

S

-{ tracer—-gas dilution method. This method 1s very versatile, and the

N

4 simplest of the tracer-gas measurement systems. It can be used for short-

X , and long-term measurements, and the measuring equipment may be located on

o site or the samples may be collected in air bags and analyzed offsite.
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The tracer-gas technique for measuring building air leakage consists
of (1) injecting a quantity of tracer gas (e.g., sulfur hexafluoride (SFg))
in such a manner that it is well mixed and (2) measuring the rate of decay
of thig gas.

After assuriang that the initial quantity of gas 1is well mixed, concen-
tration measurements are made at 5 to l5-minute intervals. The air leakage
rate Is then determined by a graph of the SFg concentration decay vs.
time. The following instrumentation 1s used for these measurements.

1. Tracer gas monitor. The monitor should be calibrated by the manu-
facturer or on site with mixtures of at least two different con-
centrations used in the range of the test.

2. Sampling network. A network consisting of tubing, tubing junc-
tions, a pump, and an aspirator. This network is used to draw
samples from remote locations, blend them, and bring the blended
sample to a convenient place for analysis.

3. Syringes.

4. Fans capable of circulating air throughout the building. The
building's air handling system can also be used.

5. Meteorology stations that record wind speed and direction and out-
side temperature.

6. Indoor temperature monitor.

Automated equipment developed by researchers at the National Bureau of
Standards (NBS) and Princeton University has been used in the United States
since 1974. These system use an electron capture gas chromatograph that
measur=s SFg 1in the parts per billion (ppb) range. The unit pumps air

through an aluminum oxide column that separates SFg from oxygen (0,), which
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also captures electrons. The gases then pass through a detector contalning
a radloactive source of electrons. The decrease in the current estahlished
by the source is measured and converted into arbitrary concentration

units. The column is flushed with argon (Ar) or nitrogen (N;) between
samples, depending on the type of detector.

Although exact SFg concentrations are not crucial to the method, it is
important to calibrate the apparatus to ensure that operation is in the
linear range. A linear response with a current corresponding to a poten-
tial of 70 V or higher indicates proper detector operation. Earlier ver-
slons of these systems used mechanical sequencing timers to control
sampling and injection, and recorded the output on a chart recorder. The
latest version consists of a microcomputer with two 5 1/4 inch dual-sided
floppy disc drives, a real-time clock, & CRT terminal, an electron-capture
detector gas chromatograph, a 10-port sampling manifold, 5 injection units,
and interfaces for both analog and digital data.

A less expensive method for obtaining these data consists of (1) using
concentration monitoring equipment placed in the building and (2) analyzing
air sample bags filled at intervals of one to two hours. Testing of a
dwelling consists of the following steps.

l. Injection of SFg

A quantity of SFg is injected into the dwelling so that the
initlal concentration is 100 to 150 parts per billion (ppbd) or
approximately 10 to 15 mf per 1000 o’ of living space. The gas is
injected into each room in a quantity approximately proportional to

the volume of the room.
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2o Mixing otf Tracer uas

I

'y

_f.l

2.

A period of approximately 1/2 hour to ! hour is allowed for proper

aixing or the gas. 1f the dwelling is heated by a forced air system,

P
e
"

the fan can be turned on to assist in the mixing; however, convection

D
LIV RV |

WI.‘
.

currents will mix the tracer gas on each floor of the dwelling if the

s
[

dours between rooms 4are Jpen.
3. Filling Air Sample Bags

Alter adequate mixing of the tracer gas, one sample bag is filled °

(using 1 smacl pump) with alr from each floor of living space. The

R,

W \ -

_uﬁ 4ir sample bags must be filled slowly to ensure the collection of

s |

AN represealAtive samples.

S

[ 3 4+ Disgsipation ot Tracer Gas

e Jne or two hours is allowed for the tracer gas to dissipate. The
gy .

o mechanical system iz left in its normal operating mode during this

"

Cime.
u;\
N 5. Filling Air Sample Bags (Repeat)
:\
::. tue procedure {n the third step i3 repeated with a second sample
"
bag »f alr trom each floor of the dwelling.
o]
-ﬂ 5. Shipping Sample Bags to Analysis Center
w0
I,I
:$? The sample bags are shipped to a center for analysis and
2e
; medasurement of the tracer gas concentration. The air infilration rate
M
\
: ts then determined by computation. .
N
ES Arcarding to some experts, A tracer gas should have the following
At '
! attributaes:

IR
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l. Content in air must be relatively small, and there must be no

source of it in the building.

2. It must be possible for a low concentration to be accurately

detected.

3. The density must be as near as possible to that of air.

4. It must not react with the constituents of air or be adsorbed onto

the surfaces of walls, furniture, clothes, etc.

5. The gas must not be harmful to building occupants.

6. It must not be flammable.

7. The gas must be easy to handle, easily available and inexpensive.

Another purpose of alr leakage tests 1is to measure whether ventilation
is adequate. There have been numerous complaints in office builldings in
both the U.S. and Canada of symptoms related to insufficient clean air
supply: headaches, nausea, fatigue and respiratory symptoms. These
complaints may be due to excessive concentrations of carbon monoxide,
smoke, formaldehyde or other contaminants, or to excessive relative
humidity, heat or insufficient air movement.

Failure to achieve specified building ventilation rates indicates a
potential for employee complaints of symptoms and of contamination by such
pollutants as radon daughters which cause no complaints. Ventilation may
be more adequate in some parts of a building than in others. Insufficient
air movement may occur even when ventilation is adequate; however, an
excessively low air exchange rate is prima facle evidence of poor air

quality.
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ACguracy.  Errocs in Iracer gas concentrd4tion measurements are
woroHvimitely 2,5 percent.  This negliztbie in comparison to the usual

ter cdused by owind guscs, changing temperatures and furnace cycling.

cr

2
Advantages

Tracer Zis acthoads ave: 30 lapoartant ald in determining rate of air
leaxdge or v-arfilation adequacy. The error rate i{s lower than with other
1lr leakage wasirement mezhods that relv on wind gusts, changing tempera=-
tares and dvad systenm vcoolling.

Tracer zis 2an e asel for both short and long-term measurement
Thooaghe st rhe veir. Che indection and measurement may be done elther
nAtaa iy o7 autd e 123 lv . an o1 siagle Jdetector can be used for a number
Womeasarenent s,
wlinothe ai~ oag saaplling method, odpordtors need not be highly
tralied, and the measurement and anaiysis can either be done on or off
sighi, Wwhirh gives the method ugrear flexibility.

Limitations

Unly longtlernm dverays results representing difterent climatic condi-
tioas sre usefal tor comp2rison with atner balldings.

slade st leakage oscouvs on windward and leeward faces of a bullding,
poor constraccion mar be missed by the tracer gas test. Tight control must

©wept on the densicy of tne tracer gas and the location of the detector,
or coTioes infiliration rates, Migh or low, could be registered. And, the
metioc vl D oact covide rhe vrecise locatlon of air leakage paths.

motarge talidings and those partitioned {nto many rooms, unless they
system, unfiorm tracer gas distribution will bhe

have « ceatral atr haandling

4

dooticalt to htain,
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fhe cost may be very high and operation may require highly trained S
technicians unless the air bag sampling modification is incorporated. f:ﬁ

Cost. The chromatngraph-detector unit is compact, simple to operate :
and costs approximately $6000 to $8000. 1t is portable but tanks of SFg
and Ar or N, must be transported along with it. An attachment 1is availlable
to enable ten sites to be automatically sampled almost simultaneously.

The complete automatic system costs approximately $20,000 and must be
specially assembled. It has been used in air infiltration studies in large
buildings.

New Technology/Developments. None.

CONSTANT CONCENTRATION (Tracer Gas)

Measurement and Analysis. This method is similar to the decay method

except that time intervals between tracer injections are shorter.

Currently all constant coancentration injection techniques in use utilize

. )

automated systems.

R4
a

British Gas Corporation Method e

Ay
m%‘

The British Gas Corporatfon air infiltration unit is based upon a

Ao

r
.A,”.
&

microprocessor and rapid sample analysis. Gas 1is released to maintain con-

£

stant concentration in each room of a house. Rooms are monitored in

sequence for 6 seconds each, an 1njection valve is opened and the duration

of injection 1s recorded.
The two most recent concentrations are used to vary the amount of N,0 R
injected prior to the next sampling with the concentratlon maintained at 50 L

+ 2 parts per million (ppm). Each of the injection lines 18 calibrated ™

prior to the test so that the Injection 18 sultable for each room. Eﬁ{%

7
'l
‘e

‘v
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This method has been used for almost 2 years with up to twelve rooms
measured simultaneously. Six houses have been analyzed with an accuracy of
10 percent.

National Research Council of Canada (NRCC) Method

In this method, concentration 1is measured every 2 or 2 1/2 minutes.
Fixed amounts of SF; can be injected up to 90 times over the next interval,
the intervals spaced as closely as 0.9 seconds apart. The same electron
capture—-gas chromatography unit 1is used to measure tracer gas concentration
as described for the tracer decay method. Since a level of 15 ppb SF¢ is
generally maintained, the amount of tracer gas used during a test 18 very
small,

The NRCC apparatus has been functioning for three years and is now
available as a commerically packaged unit. This unit can hold SFg
concentrations in a house constant to within 4 percent over l5-minute
intervals and 2 percent over a one-hour interval.

Kumar et al., in a report on two houses, claim that agreement between
constant concentration and tracer decay methods was better than 2 percent.
In order to achieve thorough mixing {n these houses, the furnace fan was

operated continuously.

Danish Institute of Technology Method

The Danish Institute of Technology automated system is microcomputer-
taseds There are many similar{ties to the British Gas Corporation system.
Injection of NpO is essentially continuous. Small fans are located near
the No0 injection port in each room to promote rapid mixing. Ten solenoid
valves are used to control injection and another ten control sampling to

the {nfrared detector. The design also provides a tank of N,0 gas at 48
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ppm to periodically check the design valve of 50 * 2 ppm N,0 concentrations

r
5
%

LY

e

within the home. Temperature and humidity sensors are being added to a0 j
fda

further increase accuracy. -
Metal tubes near door hinges are used to provide sampling paths so ?j?::

A

N

that door operation is unaffected. The NyO0 injection orifices for each R
e

s room 4are carefully designed and calibrated. The system can operate for up :ﬁ;?
oI

to six days unattended. Records are maintained on floppy discs, with a e
- _,::_.

viewing screen provided to check on site operation. L

Swedish National Testing Institute Method

The Swedish National Testing Institute automatic measurement method is

similar to the previous one. The short response time of the N0 analyzer

allows collection of a large number of samples. Arrangement of ten tubes %
\b
to the analyzer allows nine air samples and one fresh air purge. The fresh o

1‘. J"_:'.:-'

'y
b o)

air must be raised to room temperature to avold analysis problems. The

pumping system moves the samples to the analyzer through plastic tubes
within the house. When operated from a van, special tubing is used to

insulate the nine plastic tubes. Measurements are made at set intervals

and used by the micro-processor to calculate air exchange rates for each

o

S
room, RRLAAN
TR
\:,_\::'-
Advantages St
RS

12

‘ Measurements may be taken over a long period and there is a task
observable response to weather changes. Also, since the gas injection rate
1s directly proportional to the infiltration rate, data analysis {s mor=
direct. With this method, infiltration rates of buildings with spaces hav-
i{ng separate air supply systems can be measured. Large alr change rates

can be generated with a measurement accuracy of 5 to 10 percent.
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‘oY iLimitations
) \j e
Sy
s Systems that use electron capture gas chromatography have a major
BN y p 4 graphy
)
L )
-
weakaess in that with heavy usage the column and detector require consider-
T able maintenance, cleaning, and calibration., The switching value also
L.
1”$j requires maintenance. Additionally, with these systems, zero drift of the
n‘ .
— detector {s a continuing problem.
‘:-
:;; In all systems of this type, measurement is always a response to a
¥
:: pravious tracer concentration since the mixing of alr and gas {s not -
ey
{nstantaneous.
) '
ii' The measurement system must always be automated and no precise air
o ‘1‘ »
- |5
;{; path leakages can be identified.
B
54 CONSTANT FLOW (Tracer Gas)
-
}? Measurement and Analysis. The constant flow method was developed at
-.'r
2
Az the lawrence Berkeley Laboratory (LBL) to provide automated infiltration
‘fn measarements in a test space at 30-minute intervals. The instrumentation
j{ >eizinally used N,0 with an infrared analyzer but because of exposure
1%
<,
;) tialts was moditied to use SFg.
4 The system used was designed to permit researchers to examine the
R A"
El "-‘: . R
"o 2ffects of weather and mechanical systems on infiltration. The instrumen-
¥
-
S tattan contalas a amicrocomputer that (1) controls the injection rate of
- Nid
ol “racar gas, (2) selects the sampling port, (3) processes and records
L
{: Jril’ roa1d sostem data, (+) calculates and records average infiltration *
¥ -.‘.
. s3lues, asd (9) computes a new injection rate based on the previously
"
\; caiculared inr'ltration rate to keep the concentratlion within a particular "
1
',
fﬁj ritge. The average (afiltration monitor, developed at LBL, permits simple
g
‘ wnatreaded measarement of the long-term intiltration rate of a bullding.
) '
"
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,Qb The monitor minimizes both inconveniences to building components and the )
WS . .‘h\
" &,
S§ technical skills required to install the system. It consists of an Eg
[} - A
- injector and the sampler, each of which contains a small solenoid pump that “ﬂ
L \.
? is pulsed at a rate controlled by an internal timer. Each pump 1is either oy
20 D
R ? emptied by injecting tracer gas into the space or filled by sampling the o
1 A
:'n.' m
, mixture of tracer gas and room ailr in the space. The concentration {s P
- ~
Y determined after the pump is emptied or filled. :{j
2#. -
2 s Accuracy. Not available. :::
- o
Advantages b
rjg This method permits continuous measurements of the ventilation rate. R
B . » ".I
R W .."’\
'{ﬁ No complex instrumentation feedback loops are required to maintain N
1,90 _&.'
6 constant concentration. !
¥ .
"?j The technique minimizes inconvenience to building occupants. {Q
Ly Y
A oo
N !

LA

Qﬁ Limitations

*y

i
2y

’

The infiltration rate may drop considerably during changing weather

L]

conditions, causing the concentration to rise beyond the limit of the fb

T

n>

detector. ?5

b, S
) The technique must be automated in order to achieve maximum effi- N

K. clency. N

S ::;

~ Lo

" The method does not provide a precise location of individual air leak- :&

v g

age paths. o

o o
SeY Cost. Not available. “

o =

™ New Technology/Developments. None.

Y
. T yT,
§h «

FAN PRESSURIZATION

S Measurement and Analysis. Fan pressurization is used to measure

building enclosure system tightness independent of weather conditions. The
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building 1s pressurized or depressurized by a fan and the air flow is

measured. Buildings can be compared by generating the alr leakage at a

standardized pressure difference. A fan mounted {n an airtight assembly {s

mounted either in a window or doorway, and measurements are made in

minutas. Inadequate mixing 1s not nearly as lmportant a factor in fan
measurenmenty as {t {s in tracer gas measurements. In order to minimize
natural pressure differences and to obtain measurable flow rates, large
pressure ditferences are usually required. Use of a large fan or a number
of smailer fans simultaneously may be required in medium-size buildings.

Tests are _onducted as follows:

. Make observations of the condition of the building, including win-
dows, doors, walls, rnof and floors. Measure and record the wind
speed and outdoor and indoor temperatures. Place the air-moving
apparatus near the structure and connect the duct or blower door
assembly to the building enclosure, using a window, door, or vent
opening. Seal or tape openings to prevent leakage.

2. Calibrate the fan to obtain air flow rates if no other flow meters
wiil be used.

3. Measure [low rates at pressure differences from 10 to 70 Pa at
10 Pa increments.
4. Calculate airflow rates.
A unitorm pressure is maintained in the building that {s within 20
percent o' the indoor-outdoor pressure difference. The maximum variation
from stack ur wind effect should be no more than 10 percent of the pressure

ilfference. Tests are usually not made when wind speeds are above 15 km/h.
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.‘:J The thermal stack effect 1s usually disregarded for one-story builld- L.
-« o
:_ ings. For two or more stories the stack effect usually results in a pres-— ._
":-.-: sure difference of approximately 0.1 Pa/C° (or 0.056 Pa/F°) per story. At :::.:'
\{ a temperature difference of 20 C° (3b6°F), the stack effect in a l0-story
A
:':.; building results In a pressure difference of approximately 20 Pa.

.-§ , An alternative pressurization technique uses the air handling system
k of the building to pressurize it; however, this method cannot be used to

'& measure permeabilities of individual components such as windows or doors.

'P] The following instrumentation i{s required.

_:_ l. Fan, blower, or blower door assembly, capable of establishing
3-__ indoor-outdoor pressure differences in the range 10-70 Pa.
-‘:: 2. Manometer or pressure indicator capable of measuring pressure

" differences to within 2.5 Pa.

»

_}.'3 3. Air flow or velocity measuring system capable of measuring flow to

't within 6 percent of its average value. The instrument should be
'_:.: calibrated according to the manufacturer's instructions or in a
: :. calibrating wind tunnel.

‘ 4. Wind speed measuring device accurate to 1 km/h or 0.3 m/s (60
:—_‘.- fr/min).
};’; 5. Temperature measuring device accurate to 1°C (2°F).
\‘: 6. Afr flow regulating system, e.g., a damper, or variable motor
B speed control, that will regulate and maintain air flow within

: specific limits,

7. Ductwork able to accommodate both pressurization and depressuriza-

‘: . tion.
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Accuracy. ASTM estimates the uncertainty of the measurements to be

. -
approximately 10 percent. 2]
Advantages E:
F.
The method {s simple and can be used to compare air leakage rates of o
o~
buildings at various times (e.g., before and after retrofit), i}
No reference to wind and outside air temperature i{s required for data * ;
, y
analvsis. fatd!
-
The method can be used in conjunction with Ilnfrared thermography to “ :jf
locat= leakapge paths precisely. .:
(W
The effectiveness of retrofit measures applied one at a time can be E
assessed, -
)
Limitations
K
Under some circumstances the pressure differences generated are so i
34
great that the leakage paths may be quite different from those that occur o
+
under normal conditions. *q
It i{s difficult to isolate one pressurized space from an adjoining ff
space., '_.-\“
&
it is difficult to pressurize adjolning spaces to maiantain a uniform l
pressure difference. ju
X
. )
Cost. 32500 - $10,C00 .'
New Technology/Developments. Pressure differences induced by fans are
e -
1rge thar wind has little effect by comparison. An alternative pres- }k
v :'_ f
surizar 2 recheique that uses pressures close to naturally occurring ones X
.8
i {s the iafr . wonfc or "AC fan” method. A piston inside the building or T
), - '3 =
: . mount..d 12 A4 wa'l aliternately causes air to leak 1in and out. If the fre- o3
L}
) "-‘
: . guenc s {s iow enouxt, there is little compression and decompression. The ‘:,
] ]
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™y
:EQ frequency provides a means of distinguishing induced from natural pressuri-
¥
B -
) E: zation; the latter can be electronically filtered. This method has not
Sk been widely used and {t may prove as difficult to apply to large buildings
:‘:\ as the fan pressurization test.
_“Q Infrasonic methods may be helpful in simulating natural conditions
"
: - since they produce lower pressure differences than fans, but their rela-
'fﬁ tionship to natural conditions has not yet been determined.
-t
*zj Manufacturers. Manufacturers include: Infiltec, Division of Saum
S N
Enterprises, Inc., PO Box 1533, Falls Church, VA 22041, (703) 820-7696;
~E: Retrotec USA, Inc., 6215 Morenci Trail, Indianapolis, IN 46263, (317)
S8}
o
N 297-1927.
'3
o
h
"y INFRASONIC SYSTEM
[ ™
4 i; Measurement and Analysis. In the frequency range (0.1-7 Hz) small
>
A
.h- buildings are characterized by one acoustic capacitance and one nonlinear
P leakage resistance. Infrasonic apparatus comprising a motor-driven source
»
[
;zi of known output, a pressure pickup and a signal processor 1is used to
o
.?. measure air leakage.
J
, The infrasonic system 13 composed of a portable source and a pressure
B
:t‘ sensor that are set up inside the building. The fixed displacement source
e
:u: alternately compresses and rarifies the ailr above a moveable piston. The
_}; bottom of the piston supplies an alternating volume of air to the enclosed
RS
:{: . space. The piston has a peak-to-peak displacement of only 3.8l ecm (1.5
o
A in), making its action more like a bellows.
S The pressure sensor has a very thin plastic membrane across {ts open-
-.’:'J
5 ing. As the pressure and the space vary (due to the source), the membrane
S
-'..I
;’ deflection {s measured with an optical lanstrument.
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The {nfrasonic system generates a very low frequency (approx. 1 Hz) of
xnown magnitude. The source frequency is applied to the building interior,
and the alternating component of inside pressure is a function of the type

and slze

[

f leakage paths.
The pressure variations that must be detected are such that the sensor

oust he able to resolve 0.1 to 0.0l Pa., 1In order to prevent normal baro-

metric pressure fluctuations from interfering with the measurements, the

sensor chaaber is provided with a very small slow leak. )
The signal from the sensor is processed before {t is passed to a chart

record=r.  The system also uses a sharp cut-off filter to attenuate ordi-

adry acoustic noilse above 7 Hz.
Accuracy. Wwhen compared with a blower door system, the alr leakage

data agree within 200%.

Advantages
Setup time {s minimal since no pressure taps or through-the-wall vents

are required,

Limitatious

Accuracy {s low. Ponr agreement is due to wind gusts and lastrument
calibration.

Calcnlations of atr leakage from an infrasonic test requires using the
atlding volume and the measured frequency response curve.,

Cost. Not yet avallable commercially.

ne 7 Technolougy/Developments. Sound generatlon is provided by a number

2f sources. These include: tape player/speaker system, sliren, horn,

beils, »=tc. Numervus sound detection systems {nclude a doctor's stetho-

<eope aad 4 small mlcrophone attached to earphones with appropriate elec-
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tronics. Both allow local sensing to pinpoint the leak. One approach that
has proven effective is a white noise tape recording and a rising-falling
tone recording. The white nolse sound is useful outside where other noise
generation may prove objectionable.

SMOKE TRACERS

Measurement and Analysis. Commercial smoke tracer units are avail-

able. These units provide smoke at a well-defined location so that in the
presence of an air leakage site a stream of smoke extends to or from the
opening.

Smoke tracer techniques employ both pressurization and depressuriza-
tion of the building. Building depressurization/pressurization is effected
by a fan, blower, blower door assembly, or mechanical ventilating system of
the building that can be used to move air through the conditioned space at
flow rates so that leakage sites will flow air to meet the depressuriza-
tion/pressurization requirement. The system is normally adjusted to pro-
vide steady air flow rates during the leak site detection procedure.

Accuracy. Not applicable.

Advantages

Easy to use. Visual sighting of smoke flow provides instant analysis
of leakage sites.
Limitations

Gives no quantitative information. Building may have to be evacuated
before use. Smoke moving through the enclosure system in a twisted path
may be absorbed in the insulation or other materials.

Cost. $100 to $10,000.

New Technology/Developments. None.
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CHAPTER 5
HVAC SYSTEM EVALUATION

ToZMPERATURE MEASUREMENTS

LIQUID-IN-GLASS THERMOMETERS

Measurement and Analysis. Any device that indicates temperature (s a

thermometer; however, in common usage the term signifies the oridnary
Viruaid i glass iadicating device. Mercury-filled thermometers have a
asful range from —~4U0°F (freezing point of mercury) to approximately 1000°F
(sotreniag polat of 2:455). hermometars are usually calibrated during
manuafwcture at the freezing aad boiling points of water, and the space
Selgen Those polats {s evenly divided by scale divisions., The
Stgnid-=in-glass therpometers are calibrated for either full or partial
tamersion. If 3 chermometer is calibrated at full immersion and used at
varzi ! immersion then a courrection factor must be applied to account for
e tz2aperdtdare difference between the two.

Accuracy. the probable error for etched stem stem liquid-in-glass
theraumetraers is =« scale division.
Limitations

A thermcmenter used to measure gas temperatures can be significantly

itre:ted by radiation from the surrounding environmeant; therefore, it {is

vxvaary to aninimize these radiation effects by shielding. All thermomet-
= ot coar in cotvtact with the medium which they are measuring; their
Pinicaticis are slailar to those that measure surface temperature. They

1

CAn Aedsare 4o Uhal tenaprature without complex corections for the charac-

terisiies of rae wediun; however, the measurement is only valid for that
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Cost. Liquid-in-glass thermometers can usually be purchased for a few
dollars each in small lots or possibly less in larger quantities.

New Technology/Developments. None.

THERMOCOUPLES

Measurement and Analysis. When two wires made of dissimilar metals

are joined, a thermocouple junction is formed. A voltage which depends
upon the materlals of the wires and the temperature of the junction exists
between the wires. When the wires are joilned at two points, a circuit {is
formed. TIf one junction is kept at a temperature different from the other,
an electric current flows through the circuit. This phenomenon is used for
temperature measurements in thermocouple systems, a reference junction
being kept at a constant known temperature, while the other {s at the point
at which the temperature measurement is required. Advances in solid state
circuitry have made possible digital readout devices, made both as a
stralght millivolt or microvolt meter and as a packaged thermocouple
teadout. The latter instrument only requires attachment of a thermocouple
of proper composition to provide direct meter reading of temperature.
Accuracles approaching or even surpassing those of the commonly used poten-
tiometers can be attained, depending on the quality of the instrument.

The choice of materials for thermocouple wire 1s determined by the
temperature to be measured, the protection from corrosion, and the preci-
slon and service required. In general, copper vs constantan {s suitable
for temperatures up to 700°F, iron vs constantan up to 1500°F, and chromel
vs alumel up to 2200°F.

For use In heated alr or gases, thermocouples are often shielded, as

are thermometers, and aspirated thermocouples are sometime used.
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~a, 4ith the ase of thaeryocouples, temperatures at remote points may be
' . . . . L y :
S indtcited ¢ recorded and may be obtained witnin thin materials, narrow
N
[ "‘h‘
oy spaces, or ortherwise lnaccesstible locations.
e
O i
AN v\ sSeries arrangement of therwmocouples, often called a thermopile, can
O
.=
O hava oxireae soasitivity and is useful in detecting very swmall changes and
‘._..".
P P 4
A dirfereaces {0 temperature.  The thermocouple {s particularly useful in
o« a
fe: dezernining a sarface femperature and may be attached to a metal surface in
.. ] -
. vivoof severil wavs.  For temporary arrangements, couples may be attached -
w
Se o means of fape, adhesive, or putty-like material. To minimize the possi-
B »
e ~ility o7 eveoor dae fo heat conduction along the wires, a surface thermo-
b e
o
;:_-: souple should he aade of fine wires that are held in contact with the
BT
(][ surfface 750 o lach or 20 ‘rom the junction. The wires must be insulated
e
NN 2ioent ol the Junccion,
'
.\"_\‘,
AR
;ﬁ‘ Accuracy. Accurdey s dependent upon the cholce of materials used for
t
N the thwrmocoapie wirte walceh {o turn is dependent upon the temperature to be
aedasured.  seaeraily {or teapceratures up to 2200°F the accuracy can vary R |
.
r.a .1 F o D3k, For temperatures from SU0°F to 3000°F the accuracy can .
cazy from o 17F po 5%V, <
*
.
e taeraocoupie material used for standardizing other thermocouple o
N
TerasaTeae s ks gocirate but expeansive and requires expensive measuring W
Y
s rher aatertals ace tess accurate dand are subject to oxidation, x
TN
T
.2 5
. R
=
: "hereaaple s are used In the probes of surface temperature -
Tregs g - weme s vs the advantages omd limirations discussed in that
R LT coap v ieable here. -9
-9
R
-
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o Cost. A typical cost for a thermocouple assembly is $lUU or less.
> —_—
b This does not include the cost of the measuring device.
; New Technology/Developments. Thermocouple assemblles feature quick <
B
< ;
. .
\ disconnect plugs, miniature all-purpose heads, very high temperature -
- probes, extremely flexible probes for bending around inaccessible corners -
and very thin diameter, low thermal Iinertia, fast response thermocouples T
g ‘.
*» (used for measurements in gas flow systems). K
N .
> RESISTANCE THERMOMETERS .
‘ Measurement and Analysis. Resistance thermometers depend for their E
v r
X operation upon the increase of resistance of a sensing element (usually -
N .
i -
o metal) with an increase in temperature. Thelir temperaure range parallels -
P that of thermocouples, although readings tend to be unstable above 950°F. i
- -
n For accurdate results the entire thermometer coll must be exposed to the -
‘- temperature to be measured. -
¥ Thermistors (semiconductor compounds) are a special class of resist- i
. b
o Ance thermometers that exhibit large changes in resistance with tempera- .
g tare, «suallv decreasing with temperature increase. Small formed shapes of .
compound, selected for a particular application and temperature range, are H
]
- =
- made and heat-cured. The thermistor element 1s connected by lead wires to o
N -
o a dtzitil ohameter or special wheatstone bridge for readout. Thermistors -
N can be purchased with a known temperature vs resistance curve or as uncali- §
a -
~ hrated units. -
B " ."
o ° ° kK
-~ Accuracy. In the range of -320°F to 1800°F the accuracy of a resist- y
LY .
. w
ance thermometer ranges between 0,02° to 5°F. When measuring gas tempera-
23 -
“. tures {ts accuracy i{s affected by radiation from surrounding surfaces. .
“ .
‘. ¢
[/ :
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Advantages
Compared £y the thermocouple, the resistance thermometer does not

require a cold junctlon, and it can be scaled for more accurate measure-

,

:J ments, bt ¢ives best results wheun used to measure steady or slowly chang-
5

:J ing temperitures., Of all usable metals, platinum best meets the require-
4

.

nents of thernometry because {t can be highly refined, resists contamina-
tion and {s mechanically and electrically stable. The relationship between
temperdturte anli resistance s nearly linear and drift and error with age

and e are negligible.  Production units can be closely matched in cali-

Jost. Deneadiag apon the material used in the sensing element the
_ost of 3 cesi:zance thazvraocmeter can be up to aud slightly over $100.
Theruistors dare avatilable at 510 and up.

Sew Technolugy /Devlicpmernts. A major advance has been the development

DY T Juim o sonstag elements for platinum resistance thermometers which
cuntines the Lrecis{on measuring capability of platinum with the rapid

Tesnoeoase Lime a0 a thermocouple.

.

Yo surewrst and Analysis Measurement of the radiant temperature fin

P

Cttoced spaces |8 required to determine comfort levels, as well as

cLentronie {astrumeatation,

e th raomet-r is commonly used to measure mean radlant tempera-

(AR

»

" ‘a5t ument consists of a 6-in. diameter hollow copper
'-

.! . lat Stack palnt and has a temperature probe at its
'

“vture in the globe at equilibrium {s the result of a
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balance between the heat gained or lost by radiation and the loss or gain
by convection,

A two-sphere radiometer may also be used for the measurement of MRT,
This instrument uses two spheres approximately 2 in. in diameter, one {s
gold-plated, and the other black. The two spheres are heated elecrically
to the same temperature, eliminating differences in convection. The dif-
ference in energy to maintain temperature equilibrium is measured, and the
MRT of the space can be calculated.

Accuracy. The accuracy would be determined in general by the type of
temperature probe used in the sphere.
Limitations

Time constant is long, approximately 10-15 minutes. Correction for
air temperature and local air speed must be made for accurate determination
of temperature.

Cost. No data available,

New Technology/Developments. Plane Radiant Thermometer: An electron-

ic device which determines the radiant temperature {an one (or two opposite)

directions(s).

. Several commercial devices recently available.
. May be determined from detailed surface temperature measurements.
. Occupant response should be gathered, but only carefully.

LIQUID CRYSTAL DISPLAY (LCD) THERMOMETERS

Measurement and Analysis. These heat sensitive indicators turn color

through a chemical reaction as the temperature changes. They can he used

to measute both alr and surface temperature.

77
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Accuracy. Accuardcy ot 3 typical single temperature ratlng s within

Advaatages

LCD's 4re low cost. They will adhere to most surfaces.
~imitations

Remate temperdtare cannot bhe measured, they are capable of measuring
tocaiized temperitures oaly.

The user aust be close to observe temperature change.
“ost. Uepending upon gquantity, cost varies from less than one dollar
Do less .1 rten aollars.

New Technologv/Developments. None.

HUMIDITY MEASUREMENTS

Measurement and Analysis. Any lnstrument capable of measuring the

humidity oz psychrometric state of the air is a hygrometer. A psychrometer

s a4 jartitn.ar xind of hygrometer which consists of two temperature

-1,

$N8S00 5, tae ~ich has a cloth wick applied to {t. The wick is wetted
Jith Aismilied water and ventilated with alr moving at a sufficifent rate,

celeties Lootve astrament.  The evaporative cooling has been found by

270t U stodace 4 wet  bulb temperature approximately equal to the

¢ o isnen o weiohulh temperdature.  The difference between the dry-bulb

e Lt o the Jet-bulh temperature is known as the wet-bulb depres-

v
~

Ling psvibrometer, two thermowneters are mouanted side by side

A tn 4 tr i el with a handle by which the device can be whirled through
L .h
-j; “te 4 7. The metinn o continued until the thermometer readings become
o
., . . ‘

£ Teid ba the ventiloted aspirated psychrometer, the thermometers remain
i.

e

<

. 78
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stationary and a small fan or blower, or a syringe, is used to move the air
across the thermometer bulbs.

Other temperature sensors, such as thermocouples and thermistors, are
also used and can he adapted for recording of the temperatures or for use
where a small instrument 1{s required.

. Charts and tables are available showing the relation between the
temperatures and humidity. Data are usually based on a barometric pressure
equal to one standard atmosphere. A correction must be included for varia-
tions in barometric pressure.

For air temperatures below 32°F, the water on the wick may either
freeze or supercool, and its state must be known and a proper table or
chart used, since the wet-bulb temperature is different for {ce than for
water.

Accuracy. 1In the range from 0-500°F the accuracy is 0.3 to 3% of the

relative humidity.

Advantages e
Rty
Psychrometers are used as a standard for humidity measurement. :j}ig

L) -

Limitations -
.’:r.’.r.‘_.
Psychrometers are seansitive to air moving across the thermometer \C{jn
RN
bulbs. The accuracy decreases as humidity Increases. They are temperature ol

'
ety

dependent and difficult to use at sub-freezing temperaures. They do

S

St
require a moderate amount of maintenance. The wick must be kept clean and e
X d. Al
S S
e,
the wet bulb should have distilled water. _}ﬁy:

Cost. up to $100. Increases with accuracy.

New Technology/Developments. None.
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o DEWPULINT HYGROME [ER
' -
l-.
- Measurement dnd Analysis. In the most common form of these Lnstru-
ments, mexns are pravided for cooliag and observing the temperature of a
_.\ .
'O surtd4ce exnised ty the alr. The highest temperature at which condensation
e
qu olcurs on the surface is taken as the dewpoint temperature of the alr.
» "
Ry B ,
This temperiturs aay be used with chirts and tables to determine the relat-
- A
t{f tve humatdity of the air. A bright surface or metalllc mirroc is usually
“{; ased with various methods to cool tt, including evaporation of a refriger-
1Mt oF A stream of air passed through dry ice. 1In some systems, the
-‘..
.- srasence of coidensation s detected visuvally. Thermoelectrle cooling is
\'_'
~ . . .\
-~ d3v i 1 oantomalod gvstens with photoelectric cells to detect the presence
af a4 moisiare deposlt and ecourdtely coatrol the mirror at the dewpolint
% teaperatacre. In automated systems, the dewpolnt temperature is displayed
- on a disl, and proviston is usually uade for recording.

An fastrament, in which the temperature varies with the ambient dew-
noint teamperature, s designated as a heated electrical hygrometer. This
device nsually consists of a substrate covered by glass fiber fabric, with

a splral winding for electrodes. The surface {s covered with a salt solu-

A tiar, usuaily Jiebhfun chloride. When {n operati{on, the flow of electrical
v -

"l'. . . v o

o cutrent throughk the salt film heats the sensor. The resistance charac-
)
e cisri-w of che =alt are such that a bhalance {s reached with the salt and
&
LK (ry critted) anisture content, corresponding to a saturated solation. The
N

Rl

“a -

:ﬂ tenter . re of the sensor then adjusts automatically so that the water
L

. vapor oress oo of the salt tilm {s equal to that of the amsblent air.
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:: Accuracy :‘_
408 A
g :..
e Range Accuracy s
_ Type (depression °F) (depression °F) :
o Condensat ton (-180) - 200 0.2 - 2 1-
L -
.-“_. ah
'-'.}; Salt-phase transition 0 - 160 1 -2 <4
[N -
N Limitations 'l-‘
r} _.
K T The condensation or chilled mirror hygrometer is delicate, expensive R
.35 d
and must remain clean in order to provide accurate readings. Some diffi- i"-
o .
1' :.i culty can be expected with the supercooling effect. When lithium chloride -
\- o«
S >
ol is used in the salt-phase transition type hygrometer, {t cannot be used to R
7y -
-t measure celative humlidity below approximately 15% and it has an upper dew-
:", "-" point temperature limit of about 160°F. :':‘
':.‘ Cost. No data available. N
-;, New Technology/Developments. None. o
o Y
W R
.-_': DIMENSIONAL CHANGE HYGROMETERS -
‘-." h-‘
L "
[ Measurement and Analysis. Many organic materials change in dimension B"
“‘.,) with changes in humidity, and this action has been used in a number of N
Al
) ’
:'_":-: simple and effective humidity indicators, recorders, and controllers. (’:
"'"-;. Motion caused by changes in dimension through a linkage causes a pointer to '1_‘
uh move across an 1ndicating dial, moves a pen across a recording chart, or _'
W =
:'5 actuates a pneumatic or electric control mechanism. N
n“‘ -
:‘ y Organic materials commonly employed are human hair and animal -
. .
A membrane, animal horn and wood. Other organic based material like paper, >
S )
::: nylon and dacron are also used. N
“l ~
z" ':
" ]
._i 81 N
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¥
::? Accuracy. In the teaperature range betwen -40°F to 150°F and humidfity
\-"
¥ - . '
,\g ringe trom J -~ l99% reilative, a typlcal accuracy for a dimensional change
W

. Ywaroaetsar is 3% ra2lative humidicy.

ay _

e Advantages
k-

4
b Thev can read directly (n relative humidity, and they are simple and
o inexpensive by coaparison with most other types.
B~ s .

o _imitations

N~

{j No orpanic material has been found which can be relied upon to con- -
» sistently reproduce {ts action over an extended period of time, and the
K-

E: responses may be signiricantly affected hs exposure to extremes of humid-
~J - . : N o

:J tty. Such devices require initial calibration and frequent recalibration

n.

Jr setiing; especiaily when golng from one humidity extreme to another.

N
O
' Costs No data availlable.
. 225
-3
R New Technology/Developments. None.
t,
- ELECIKICAL IMPEDANCE
- ShELIR AN AR LA
",
Iy Measurement and Analysis. Any substances absorb or give up moisture
>
-~ with changiag reilative numldity, and exhibit corresponding changes in the
4
:) electrical impedance. The seusor in thils type of hygrometer consists of
)
o v .
?Q Aaal 2lectrodes on a substrate. 1t is coated with a film, usually contatin-
o
.
Ca
J: 112 a salt, in a binder to form an electrical connection between the wind-
S Menns oare crovided tor determining the resistance of the film. The
&
" tela-ipe ¢ woasor restsreonce to humidity is represented by graphs. Since
-
:;- rthe <-on . dfsplavs a sensi{tivity to temperature, these graphs consist of a
‘_, sevles 4 v rves. each one being suitable for a given temperature.
.. -«
b Accuracy. In the range from -40°F to 150°F, the accuracy varies from
A oo
"
(4
:' T fo 8 rhe,
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RN Advantages
"y
! N Is susceptible to excessive humidities and to a varlety of vapors.
"
Should be calibrated periodically.
[Fs +
o\ Limitations
‘--
E: Displays a high sensitivity to humidity change.
» - Cost. No data avatlable.
i
e New Technology/Developments. None.
Vo
:}: ELECTROLYTIC HYGROMETER
i Measurement and Analysis. Air is commonly passed through a tube where
-_*
) the moisture is absorbed by a desiccant, and electrolyzed. The air flow is
A
'eta regulated, commonly at 130 cc per minute, STP. The electrical curreat
b o
Ei' required for electrolysis can be related to the humidity level. The
f': instrument is commonly designed for use with moisture-air ratios in the
}: range of 1 to 1000 parts per million, but can be obtained for use with
. higher humidities.
:; Accuracy. 1In the range from -100°F to -5°F depression, the accuracy
fi is 3% of the scale range.
) Limitations
P Ordinartly limited to low humidities.
> .
{5 Cost. No data available.
]
® New Technology/Developments. None.
=
¢
‘i GRAVIMETRIC HYGROMETER
~
:j{ Measurement and Analysis. The humidity level can be measured by
i
M
extracting and welghing the water vapor in a known quantity of air. For
_fﬂ precise laboratory work, powerful desiccants, such as phosphorus pentoxide
» and magnesium perchlorate, are used for the extraction process, while for
2, :
or 83 R
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some purposes calcium chloride or silica gel may be satisfactory. Freezing
the water vapor out of a measured stream of air with solid carbon dloxide,
and weighing the {ce, is a similar operation.

A commercial system for continuous measurement of humidity uses plezo-
»lectrele crystals coated with an absorbent material which reaches a
moistare content that {s dependent on the amblent humidity. The natural
fraqueacy of the crvstal varles with the mass of coating and the moisture.

0.1 to 2%,
Limitations

Spectal equipment and extreme care required for high accuracy.

0st. No data available.

Yew Technology/Developments. None.

VELOCITY MEASUREMENTS

ANLMOMETERS

Measurement and Analysis. Heating and air-conditioning engineers are

called upon to neasure the flow of alr more often than that of other gases,

414 1sually the ailr is measured at or near atmospheric pressure. Under
this conditlion, the air can be treated substantially as an Incompressible
flui-d,

A detecting vane anenoneter consists of a plvoted vane enclosed in a

.

AT =xerts a prewsure on the vane as it passes through the instru-

e the aovement of the vane is resisted by a spring and a magnet.
The ..itrument gives {nstantaneous readings of directlonal veloclities,

With *laotuatiuy velocities, 1t is necessary to average swingsof the

~eedle,
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ft: The propeller or revolving vane anemometer consists of a wind-driven
b
'$:: wheel connected through a gear train to a set of recording dials that read
g
Wt
.« the linear feet of air passing in a measured length of time. Each instru-
‘ "
'}jj ment requires individual calibration. At low velocities the friction drag
IR
by ">
e of the mechanism is considerable. In order to compensate for this, a gear
“$':
~ - train that overspeeds 1is commonly used.
jib- A cup anemometer is almost universally used for measuring wind -
i ,»_. :‘-
jt} speeds. It consilsts of three or four hemispherical cups mounted radially Q
-’ .
- N
from a vertical shaft, Wind from any point of the compass will cause the %
A r.
ANG cups and shaft to rotate. The instrument is so constructed that wind Fo
§ -‘:. ".
~ .
e speeds may be recorded or indicated electrically at some remote point. ’.
o 0
[ o
3 Measurement of low air velocities (0-100 fpm) is particularly diffi-
:;f cult for the instruments mentioned above. The flow pattern 1s very un-
"
ﬁ:{ stable, causing the turbulence level to be of the same order of magnitude
"y
as the velocity. Useful data can be obtained with any of several instru-
' -
o ments, if they are maintained in calibration and the user understands their
e
- operation and limitations. Several types of thermal anemometers (direc-
i)' tional and nondirectional), are applicable to this range, but have ques-
4~.ﬁ tionable accuracy at the lower end.
(I
=7
e If a suitable sensing element is heated electrically at a fixed rate
-'_.-‘
f‘f and exposed to an air stream, its temperature is determined by how fast the
}Q air stream {8 conducting heat away from it. Therefore, {ts temperature is
by ;-
e
A a measure of alr velocity. 1In the hot-wire anemometer, a very thin heated
' wire {s used as a resistance-thermometer clement whose temperature may be
'ﬁi . determined accurately.
)‘.p:'
Lt
o8
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4
The hot wire anemometer {s a general purpose instrument for air flow 5
.
nedsurements. 1yplcal applications are: ~3

- troubleshooting and the balancing of heating, ventilating, and air Y
w1
t

conditioning systems by measuring duct air velocities t

.

‘1

- monitoring outdoor air movements <

) - £

- flow measurements for performance tests on ventilation fans .

- velocity profiles in large ducts B

- calibration of other air flow meters. c N

- b

[he anemometer can be conveniently used to measure the total mass flow Xy

~

of air in a pipe or duct. Generally, it 1is necessary to take measurements -;

At various polnts in the duct to determine a velocity profile. Then the .
X
best placement of the sensor can be made to achieve the desired relation- 7

ship of mass flow rate and velocity. -

A hot-wire anemometer system consists of a hot-wire sensor, an elec- i

tronic module containing a power supply, amplifiers, and feedback circults, nt
O
Ky

and a suitable data recorder. A voltmeter and an electronic filter are N

a

- . \

often used in turbulence studies. N
Sensors for anemometer systems are avallable i{n a wide assortment of iy,

types and sizes. Specifications for a typical hot-wire sensor are as -
~d
frllows: {a) length, 1 to 2 millimeters; (b) dlameter, 5 microns; and (c) Ry

-

k

wer2clal, platinum coated tungsten. The sensor completes one arm of a =

ro
.3
Wheatstone Hridge clrceutt and s heated to a temperature which is signifi- . t?

o™

X . ¥

zancly nigher than the fluid temperature. The electrical power which s N

K %
W supplied by the anemometer to the hot-wire, and which 1s dissipated into Y,
o A
. . : s
D5y the ¢iuid, {8 related to the instantaneous velocity of the fluid over the Ry,
A )

"-.‘ wire,

Ny
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Two basic types of anemometer systems are used, constant curreat and

constant temperature. In the constant current anemometer, the electrical

PRy
o 4

o o

curreat supplied to the sensor is kept constant and any temperature change

-4,

1s a measure of air flow. In the constant temperature anemometer, the
temperature of the hot-wire sensor is kept constant and the electrical
energy needed to hold this temperature constant 1is a measure of air flow.
For either system, the voltage drop across the wire 1is proportional tn the

instantaneous fluid velocity over the wire. The relationship between

sensor voltage drop and fluid velocity must be carefully determined by
. calibration. The calibration process should be conducted in a suitable
2 device (miniature wind tunnel, water tunnel, etc.), using the fluid of
interest at the temperature of Interest.

The useful frequency response of an anemomenter system can be as high
as 45 KHz. A hot-wire anemometer 1{s capable of measuring very rapid
velocity fluctuations.

The heated-thermocouple anemometer 1s calibrated to give velocity in
terms of the differential voltage between heated and unheated thermo-junc-
tions exposed to an alr stream.

y In the heated-bulb anemometer, a heating wire {s wound around a
3 mercury-in-glass thermometer, and the temperature difference between this
:f thermometer and a similar unheated one serves as an index of air speed.

3 Accuracy

3 Instrument Range (fpm) Accuracy (%)
A Deflecting-vane type anemometer 30-24,000 5
Revolving-vane anemonmeter 100-~3000 5-20
Heated thermocouple anemometer 10-2000 3-20
Hot-wire anemometer 1-1000 1-20

up to 60,000 1-10

SR AP
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Characteristics of specific anemometars. :

Instrument Limitations i

Deflecting-vane type anemometer Large 1/2 - 3/4 inch N

diameter probe. Tubes N

connecting sensor head N

to body somewhat awkward. .

~

Revolving-vane type anemometer Subject to error with .

variations n velocities .

with space or time; -

easily damaged; -

rl

Heated thermocouple anemometer Accuracy of some types not ¢

good at lower ead of range. 1

Steady state measurements -

onlv.

o oe -
s "r

The hot-wire anenometer {s a sophisticated, complex, delicate and
ctostlye {nstrument. Principal advantages of hot-wire anemometertr systems

are: {a) hign frequency response suitable for transient velocity and

RS ARY L L R

turbuleace measurements; (b) abllity to accurately measure very low
valocitias in gases and liquids; (c¢) avatlability of speclalized sensors

and accessoTies; and (d) small diameter probe with flexible connection to

It e s s PR

instrument bodv.
ALt anenmoaeters need pertodic caltibration.
Cosre Sidu=3220,

New Technology/Developments. Devices have been developed which are

A4t enongn to Fit Y a shirt pocket, have retractable self stowing
DT ire Lu.tra low powered (AAA cells) and extremely rugged.

Minulacturers, Manutacturers include: Alnor Instrument Co., 7555

ML R 2N 2 B B Sn SR R4 | L v JR JFLUR R ads I

.i. North Lot Avel, Skokie, 1L 63077, (312) ©47-7866; Kurz lastrument, Iac., .

41 PO rawer %49, Carmel Vallev, CA 93924, (B00) 424-7356 or (408) 659-3421, v




:?i PITOT TUBE

'535 Measurement and Analysis. The Pitot tube, used in conjunction with a
i}fj manometer, provides a simple method o7 determining the alr velocity at a
‘2;: point in a flow field.

K-~

5332 The type of manometer to be used with a Pitot tube depends upon the

kL -

ﬂnx - magnitude of the velocity pressure being measured and the accuracy

;:f desired. At velocities greater than 1500 feet per minute, a draft gage {s
EE;E usually satisfactory. 1If the Pitot tube is being used to measure low air
R velocities, a precision manometer is essential.

;;ﬁ Many forms of Pitot tubes have been used and calibrated. To meet
;E;g special conditions, difterent sized Pi:ot tubes which are geowmetrically
1

F;;i similar to the standard tube can be used.

g
;r:f Accuracy

S

::51 Range, fpm Accuracy

180-10,000 with micromanomter; 1-5%
500-10,000 with draft gages;
10,000 up with manometer
Limitations
In order to obtain a velocity profile across a duct, a traverse of

many readings must be taken. Pulsating or disturbed flow in a duct wil.

result {n erroneous readings,; therefore a Pitot tube must be loc« -d su:':

i
e clently far from that disturbance to avotd those errors. This meth. .t ‘-~
l-’
- “ ]
A inapplicable in many cases because of 1its lack of precision a- 1nw
.
] )
' citles or the i{mpracticability of taking traverses where manv v~
.r:
o {n prospect.
}-' .
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o
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i? Cost. No available data.

Eﬁ New Technology/Developments. None.

f& AIRBORNE TRACERS (see also section on leakage measurements)

ib Measurement and Analysis. Tracer techniques are suited to making

o

KX velocity measurements in an open space. Typical tracers lnclude smoke, -

‘)‘ feathers, pieces of lint, radioactive and nonradioactive gases. Measure~

)

:} 1ents are adade by timing the rate of movement of the tracers or by monitor-

Jf ing the change in theilr concentration level.

;; Smoke {3 very useful in studying air movements and can be obtained

% from titanium tetrachloride or by mixing potassium chlorate and powdered

;J sugar aind firing the mixture with a match. Titanium tetrachloride smoke

3

:; can be easily handled in a small pistol-like ejector. Smoke tubes,

:; candles, and bombs are available for studying airflow patterns. Gas

4 tracers are a useful method for studying complex ventilation problems.

'; Accuracy

)

"

2‘ Range, fpm Accuracy

T 5-50 10-20%

R

o Advantages and Limitations. See section on air leakage measurements.

;% Cost. $20 - $5000.

l* ew Technology/Developments. An infrared radiation absorbing tracer

.3 ga- tz2chnijue using nitrous oxide (Np0) and a thermal imaging system has . |: '
:4 been devaloped by the Architectural and Building Scilences Division of é;;
: b,

Public Works; Canada (PWC) to illustrate patterns of air flow from air-

- m
»

condictoning supply diffusers. Air flow patterns are recorded in real time

P XY

o1 video tape through use of an Infrared camera and N,O0,
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;‘l A typical diffuser test setup contains a screen that is heated and Fl‘
2 &g

located some distance behind the diffuser. The space partitioning arrange- j-}j

ment is not changed from that found in actual practice, and thermographic

3
A7 1| 28
]
-~ 2

N scanner is located at as high an elevation as 18 practicable. N,0 is then

P
-‘_',

[l

introduced into the diffuser air stream where it appears as a smoke-like

X
-

o
»

oo Ul

I oy

image to the scanner. The images can be enhanced by the use of a computer;

.
R the background may or may not be removed during this process in order to
! e
: it
;1& provide a clear image of the exact path of the tracer. The PWC data indi- ':-:
1\ N
b \
) cate that some types of air diffusers will provide good penetration of &
. o
N supply air into the work area under almost any conditions. These :,:
. 'l
.5;: diffusers, however, are generally considered to be less desirable because ;":
K9
- they create strong downdrafts of cooled alr and cause discomfort. The .
a
::': "draftless” diffusers, on the other hand, are affected by furniture layouts
Q"
N and diffuser flow rates. When air flow rates are high there is good pene-
:!‘ tration of supply air in variable air volume systems. When air flow rates
_-,' are decreased according to lower cooling requirements, up to 90 percent of
.
j;, supply alr does not reach the occupaat.
¥ L
I.
P VOLUME MEASUREMENTS m;
™ &
I 4+
e, VENTURI, NOZZLE AND ORIFICE FLOW METERS :&:
o W)
o Measurement and Analysis. Air volume in HVAC systems may be deter- ﬂ
[)
" mined by several methods. Some methods require in-place sensors, others ?ﬁ
he RO
-~ Lol
- may be performed in installed systems. Unlike balance measurements, which .-‘;}
X o
L™ o
b are often made at terminal units, some volume measurements may be required ﬁ
Pdn
a in system ducts for optimal load management, or for performance analysis. -
'~ e
o - bq_‘-‘
-," Gas and liquid mass or volume flow rates are most often determined by o
\-'i\‘
i‘ measurement of the pressure difference across an orifice, nozzle, or ﬁ
o e
3 a:
o 91 NS
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Venturi tube. The orifice i3 more easily changed than the nozzle or
Venturi tube and is less affected by change of Reynolds number. The nozzle
1s often preferred to the orifice because of its relative freedom from the
influence of approach conditions and accurate predictability of {its coeffi-
clent. The Venturi tube is in essence a nozzle followed by an expanding
recovery sectlon to reduce the net pressure drop.

The flow meters are usually used to measure fluid flow through pipes,
ducts and plenums.

Accuracy. One percent accuracy above a Reynolds number of 5000,
Limitations

Accuracy 1s affected by approach conditions.

Cost. 3$1500-$3000.

New Technology/Developments. None.

Manufacturers. See Chapter 6, Energy Metering

DISPLACEMENT METERS

Measurement and Analysis. For measuring liquid or gas flow, many

types of displacement meters are avallable. The two types are the gas
meters, which employ leather bellows, and the wet test meters, which use a
water displacement principle. The Thomas meter has béen used in the labor-
arory for neasurement of high gas flow rates with a small pressure drop.
Tl: gas is heated and the temperature rise measured by two resistance
therm.meter grids. Knowing the heat input and temperature rise, the flow

ls calculated as the quantity of gas that will remove the equivalent heat

at the same tenperdture rise,




Accuracy Si
Instrument Accuracy ?.:.

Displacement meter 0.1 - 2% up to 1000 cfm iﬁ

(depending on type). Ji
Gasometer 0.5 ~ 1.0% Ex

- Thomas meter 1% over any range. -
Limitations }i

Some displacement meters require calibration and are used in applica- ;

tions where relatively small volume flows at high pressure drops ocur. ?

Gasometers are used in short duratlion tests and also for calibrating other :'

flow methods. The Thomas meter is usually used only to measure the flow of gf

gases and usually can only be justified where an elaborate setup is -
required by high accuracy. i‘

X

Cost. $100 - $2000. :

New Technology/Developments. None. "

Manufacturers. See Chapter 6, Energz Metering E;

:t:

ROTAMETER &

Measurement and Analysis. The rotameter is used for permanent instal- "

lations where high precision, ruggedness, and ease of operation are import- ;i

ant. Its most frequent use is in measurement of liquids or gases in small E

diameter pipes. For ducts or pipes over 6 in. in diameter, the expense of x;

Py

this meter may not be warranted. In large systems, however, the meter ‘1

might be placed in a bypass line and used in conjunction with an orifice. *J

iis{ _ In its most common form, the rotametr consists of a float which is E~
%{ﬂ free to move vertically ian a transparent tapered tube. The fluid enters at ::E
zﬁu_ the narrow bottom end of the tube and moves upward, passing through the 3
?" i)
” :
b ;
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annulus formed between the float and inside wall of the tube. At any
particular rate of flow, the float assumes a definite position in the tube,
its location indicated by means of a calibrated scale on the tube.

This type of flow meter is usually furnished in standard sizes cali-
brated for specific fluids by the manufacturer. The compactness, reliabi-
lity, and ease of installation are particularly advantageous when many
measurements of the same type are to be made.

Accuracy. One percent accuracy over any range of measurements.
Advantages

Compact, relliable and relatively easy to 1iastall.

Limitations
Must be calibrted for each specific fluid by the manufacturer.
Cost. $300 - $3000

New Technology/Developments. None.

Manufactureres. See Chapter 6, Energy Metering.

TURBINE FLOW METERS

Measurement and Analvsis. Turbine flow meters are volumetric sensing

meters having a magnetic turbine rotor suspended in the flow stream 1n a
nonma,net1c meter body. The fluid steam exerts a force on the blades of
e otor, setting it in motion and converting the linear velocity of the
flstd to an equivalent angular velocity. The rotational speed of the tur-
bine :3 oropertional to the fluid velocity and to the volume rate of flow
f the flusd.

Tt ospeed of the rotor {e monltored by an externally mounted pickoff

asseanlv. Two tvpes of pickoffs are used: magnetic and radio frequency.
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Since the output frequency of the turbine flowmeter is proportional to
flow rate, every pulse from the meter is equivalent to a known volume of
fluid that has passed through it; adding these pulses yields total volu-
metric flow.

Accuracy. Accuracy 1s 0.5% over any range of flow.

Advantages

Some meters may be used in bidirectional flow applications.
Cost. $2000 - 33500.

New Technology/Developments. None.

Manufacturers. See Chapter 6, Energy Metering.

POSITIVE DISPLACEMENT METERS

Measurement and Analysis. For measuring total liquid or gas flow

rates, many types of positive displacement meters are available. In this
type of meter, the fluid flows into compartments of definite si{ze. As the
compartments are filled, they are rotated so that the fluid discharges from
the meter. The rate of flow through the meter 1s equal to the product of
the size of the compartments, the number of compartments, and the rate of
rotation of the rotor. Most of these meters have a mechanical register
which is calibrated to show total flow.

Novel and more sophisticated positive displacement flow meters have
become commercially available. These meters use a metering gear pump (or a
special blower), a transducer which senses the pressure difference across
the pump, and a feedback system which controls the speed of the pump and
maintains a zero pressure drop across the pump.

Accuracy. Using positive displacement meters with electro-mechanical

feedback, fluid flow rates from 0.10 to 150 gpm have been measured with
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accuracies of better than 0.10 percent. Because of the zero pressure drop

across the meter, accurate measurements near the boiling point of liquids

can be made.
Cost- 5500 - SZSOO.

New Technology/Developments. None.

Manufacturers. See Chapter 6, Energy Metering.
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CHAPTER 6 s

ENERGY METERING =~

ENERGY MANAGEMENT OBJECTIVES ¢

Energy management includes energy metering. The type of energy meter- A

- ing system required will depend on the functions the metering must serve to
meet the energy management system needs. For instance, {f the only need
for energy metering is for billing on a facility wide basis, then only a
centrally located metering system is needed at the heating plant or sub-
station. On the other hand, if energy useage 1is to be paid for by many
different users within a facility, then each energy accountability unit
needs a metering system so that the information needed for user motivated
conservation and billling is generated.

Energy conservation 1is often most effectively pursued if a small user
group - an individual, a family or a small office -~ i{s metered and billed
for the energy it uses and there is direct feedback to the individuals who
control the energy use. At the other end of the spectrum, if metering is
facility wide and large numbers of users are contributing to a very large
total energy consumption, individuals or small unit users have little feed-
back on the effectiveness of their conservation measures, and often the
tendency is for individuals to become insensitive to energy use and the
need for conservation.

Energy metering 1s expensive. So is energy use. A balance must be
teached so that the metering installed produces savings in energy use equal

to or greater than the cost of installing and operating meters. Ut{ility
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companies {nstall meters on each user unit whether it be a family, an
office, or a factory. They must install meters for each user because they
need the information for billing purposes. The cost of metering is built
into the cost of service to the customer. But for a large facility which
e{ther generates its own energy or distributes purchased energy to many
user rroups within 1t, the situation appears different. Bills are not
usually sent ount to each user group. Instead, the cost of energy is
totalled and all users share equally. In this system, individual user
group energy use 1is not known. Thus, inappropriate or wasteful energy use
ts difficalt to pinpoint and correct.

inergy use meters provide information which may be used in several
ways to help reduce energy usage.

l. Providing {nformation for Usage Centers.
Where energy use responsibility is tied to payment and comes out of each
usage units annual budget, where there is consumer accountability, the
energy meter provides necessary information to allow local usage units to
monitor, control, and assess their own energy conservation measures.

2. Monitoring Energy Use to Determine Equipment Malfunction.
Some equipment malfunctions are not obvious and are often detected through
observing energy usage over a period of time. Inefficlenclies due to
¢ juipment malfunction often go undetected for months unless increased
en=rgy usage 1is measured, observed and investigated. Ideally it should
never he necessary to find out about malfunctions this way because

preventive maintenance should keep equipment operating so that this does
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not occur. However, many facilities are not able to sustain an effective
preventive maintenance program and malfunctions do occur.

3. Monitoring Energy to Measure Conservation Effectiveness.
The effect of conservation measures on energy use can be cbserved with the

information gained from energy metering. This allows the energy manager to

compare predicted energy savings with actual energy saved. By
substantiating the cost-effectivenss of energy conservation measures, the
energy manager builds a data base for the facility which makes future
predictions more accurate and new programs easier to sell.

4. Monitoring Energy to Measure the Impact of New Users.
When new systems are installed, new departments added, new managers put in
place, or new operating procedures adopted, the energy monitoring system
can help the energy manager evaluate the impact of these changes. Energy
use requirements can then be planned more effectively.

5. Long- Versus Short-Term Energy Moniltoring.
Where energy is being billed to user groups, long-term energy monitoring is
required. In this way energy use is totaled in the form of kilowatt hours,
pounds of steam, BTU's or gallons of oil and {s used to allocate the cost
of energy to the users. However, if the user is very large and sub-units
are not to be held directly accountable for thelr usage or billed for it,
then sub-unit system efficiency can often be monitored with short-term
energy meters which are installed temporarily in the energy line to monitor
energy use for a day, a week, a month, or whatever length of time 1s

required to accommodate the energy manager's needs.
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From these considerations, it can be seen that the energy manager must
decide what overall energy management strategy is to be employed before

deciding on energy metering equipment.

OPERATION AND USE OF ENERGY METERS

Energy supplied in the form of gas or liquid such as steam, alr, water
ot oill is usually measured by a device which measures the volume of materi-
al as it flows through pipes from its source to its point of use. The
volume nmeasurement may be direct, as in the case of steam condensate meter
which takes all the condensate passing through it and measures its volume;
or calculated, based on the measurement of pressure or velocity in a pipe
of xnown dimensions and flow characteristics, as in the case of a turbine
meter in a hot water or steam line.

The volume flow measured or computed is then converted to mass flow,
usually in terms of pounds or kilograms. This conversion is simple for
liquids and for gases at constant known conditions of temperature and pres-
sura. But for gases with varylng conditions, temperature and pressure need
to be monitored to accurately convert the meters' volumetric readings to
mass flow and finally to energy flow.

The uscable energy stored in a non-fuel gas or liquid depends on its
bezianing and ending temperature and {ts phase change characteristics. For
fastance, {f the temperature of one pound of water drops one degree Faren-
helt, it gives off one BTU (British Thermal Unit) of energy. On the other
hand tf e pound of steam changes phase and condenses to water with no
temperat.are change, it glves off approximately 1000 BTU. Thus, to find the
energy [low of a zas or liquid, one needs to determine the beginning and

onding temperatures and, if a phase change (gas to liquid or liquid to
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soltd) is {nvolved in the process, the phase change characteristics of the
material,

Flectrical metering is available to measure both kilowatt-hours and
kilowatt demand. The kilowatt-hour is a unit of electrical energyv, The
kilowatt is a unit of electrical power, the rate of use of electrical
energy, or %ilowatt-hours per unit time, 1In alternating (AC) currents tne
measure of electrical power and energy is complicated by a factor known as
power factor. Normally one thinks of electrical power, the kilowatt, as
£l, a product of the voltage, E, and the current, [. Because of what is
called reactance in an AC circuit, caused by motors, transformers and nther
electrical equipment, the current gets out of phase with the voltage. If
one takes the product of EI in an AC circuit, one will obtain the apparent
power of the system. The apparent power 1s always equal to or greater than
the real power of the system. The real power 1is the product of the volrage
and that component 5f the current which 1is in phase with the voltage. This
is computed by taking the product of the voltage, E, the current, I, and
the cosine of the angle of phase lag or lead which is always equal t» or
less than one,

Meters by themselves do little good. To be useful, thev must he read,
naintained and their information organized for use. Many meters are now
avaflable with both direct readout capability as well as with a signal
tnput to a digital processor for use in automatic data processing., This
means tht they may be ordered for use in a gstrictly manual aperation, or
for a “ighly aitomated system with central contrnl, monitoring and data

processing.
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é{ METER TYPES AND THEIR CHARACTERISTICS %t}
Aé Many different types of meters exist, each having its own special &Ef
b application advantages. None are perfect and each choice will represent a ;é
Ay

i ! compromise involving cost, performance and complexity. The following i;;
',: discussion i3 meant to introduce the readers to some of the more general ::'C
: characteristics of various types of meters. As the facility engineer ) :.
s% investigates the facilities own special requirements and hegins the process S}'
%5 of obtaining detailed specifications and installation, operating and B ".

maiatenance information from manufacturers and users in the field, it will

f . become much more clear what type of meter best meets the requirements of a )
Y "]
A; particular application. e
) .
da 2
i l. Condensate Meter ~ This meter measures the volume of steam conden- f{
P Fa ‘\.\
'ﬁ- sate., It consists of a drum designed to rotate as the condensate €flows ?*
X0 W
;A through 1t. Because it 1s mounted in the condensate line, installation ;’:
8
. does not need to Iinterrupt service. It is regarded by users as rellable, _—
At AY
4 AN,
%s‘ relatively simple to install, easy to maintain and accurate (£ 0.5 to o
) .
gg 1.0%). Accuracy is maintained at all flow rates from zero to maximum i
§ RV
]
) rated. Cost of equipment and installation run between $300-$3,000.
”y f {
oy '
My Manufacturers include Cadillac Meter Company, P.O. Box 1175, Port }&:
-' ')
) ey
‘: Townsend, Washington 98368, (206) 385-5500. §$
Q!;e AN
. 2. Differential Pressure - Orifice Plate —~ This meter is used for '2!
$ -* ‘v\:
‘o gas, liquid, or steam and is the most common type of steam meter used in )
‘ot ; ar
. LB
;’« direct iilne metering. Tt 1{s mounted directly in the line, which must be -::
i ? A
shut down for {nstallation or replacement, Because {t is mounted directly e
N L
tﬁ {n the line and gets {ts pressure differential by restricting the flow, {t &:
5
nh' produces a large unrecovered pressure drop in the line. This in itself can :*;
M
by B
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:sjﬂ be a costly operating factor and should be assessed. Accuracy (s © 1 to
) )\
SN
! <- 1-1/2% of maximun flow and s good down to flow rates only as low as 25% of
.
< maximun (turn down ratio of 4:1) or 10% (turn down ratto of 10:1) with a
TP
t; span adjustment, Cost of equipment and installation run between $2500) and
<5 $3500.
A 1 -
. Manufacturers Include: American Meter Co., Division of Singer, 1359
T
* 5"
.;39 Philmont Ave., Philadelphia, PA 19116, (215)673-2100.
K-
LAl .
—:E} ' 3. Differentifal Pressure - Averaging Pitot Tube - This meter may be '
A
vt used for gas, liquid, or steam. 1t wmay be installed either permanently or .
N .
b
;:; as an Insertion type. As an insertion type, it permits checking line flow :
A 2
';\: periodically and using the same meter to check different lines of the same Cf
e’
;?{ size., It does not sample the full stream flow. Dirty flow may clog probe =
::2 openings. 1Its useful pressure range is about 2~10 inches of water with an }:
o > -
i',." “y
> accuracy estimated at * 1% of full scale. Turn down ratio is about 4:1 or g
5
2 ap to 12:1 with a span adjustment. Line pressure drop due to meter is =
.
e .
'_:‘?.: low. Cost of equipment and installation is $2,000 to $6,000. %
:'_.: )
~-iﬁ Manufacturers include: Annubar, Ellison Instrument Division,
};)J Dieterich Standard Corporation, Boulder, Colorado 80302, (303) 449-9001. i
o »
¢
;{{j 4. Turbine-Insertion Type - This meter may be used for gas, liquid or ng
-':.) :
'ﬁ§ steam., It may be permanently or temporarily mounted. One size will -
%) »
N r measute several pipe sizes. Relatively simple maintenance may be required W
Wy o]
\ s
f“ . on turhine every | or 1-1/2 years, Turn down ratio runs from 10:1 to 'a
“” 0
.,Hh 50:1. Flow straightness may be required, requiring strelght pipe approxi- k
aﬁi- mately ten plpe dlameters upstream and four diameters downstream from the %
S - -~
?sﬁ- turbine. It does not sample the full stream flow. Turblne blades are -
[} » s
:J" delicate and mav be damaged by trash {n flow or by frequent startup. -
'qii ”
pos: 3
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Turbine bearings may fail. Accuracy 1s approximately t 1% of reading.

Cost of equipment and {nstallation is $2,000 to $6,000.

=h
JJ“
SIS LT R L L

N Manufacturers Include: Engineering Measurements Company, 6§00 Diagonal
E;; Highwav, Longmont!, Colorado 80501, (303)651-0550; Electronic Flo-Meters
D
)EEE Inc., P.0O. Box 38269, Dallas Texas 75238, (214)349-1982,
-;- 5. Vortex Shedding - The vortex shedding meter creates a disturbance )
‘SEQ in the flow and uses a sensor to measure the frequency of fluctuations in Ei
E;ﬁ? pressure produced by vortexes which occur at a rate proportional to the i E
v rate of flow. These pressure fluctuations are measured and translated to ;
. o
25; fiow rate. The vortex shedding meter can be used in steam, liquid or gas. éi
}52 Accnuracy 1s reported to be t 1% of reading. Turndown ratio is from 8:1 to ?
Oy t
1&{, 30:1. Insertion models are under development. Cost of equipment and 5
~\Eﬁ installation 1s estimated at between $1500 and $6000. i
A ..
;32\ Manufacturers include: Eastech Inc., 26 West Highland Ave., Atlantic %
l*: Island, NH 07716, (201)291-3500; Fischer & Porter Co., County Line Road, !
Nf Warminster, PA 18974, (215)674~6000; Fisher Control Co., 205 South Center ’
¢ Street, P.0. Box 190, Marshalltown, Iowa 50158, (515)754=3011. 3
”{v h. Target - This meter may require a straight run of pipe for twenty Y
Sig (20) diameters upstream and ten diameters downstream. It produces a low ﬁ
.Hg pressure drop and 1lts turn down ratio is 10:1. 1t 1s used in difficult %
;:; service applications such as viscous or dirty flow and for steam. Its &
- N
';ié accuracy is * 1/2% of full scale. Estimated cost of equipment and instal- ' &
?\_,J lation 1s $1500 to $3000. :
\S; Manufacturers include Hersey Products Inc., P.0O. Box 4585, N %
;i;; Spartanburyg, SC 29305, (303) 578-1005. §
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7. Rotary Shunt - The rotary shunt meter diverts part of the flow
through a turbine. The rotation of the turbine is picked up magnetically
and its RPM is proportional to the rate of flow. It is used for steam, air
or gas. Its turn down ratio is 10:1 to 60:1 and its accuracy is * 2% of
ceading. Estimated cost of equipment and installation 1s $1800 to $6000.

Manufacturer include: Cadillac Meter Division, Control Station Steam
Co., P.0. Box 1175, Port Townsend, WA 98368, (206)385-5500 or (800)
426-5611; Kent Process Control, P.O. Box 6494, Edison, NJ 08818, (201)
225-1717; BIF, 1600 Division Rd., West Warwick, RI 02910, (401) 885-1000.

8. Condensate Return - Run Time Totalizer on Condensate Pump ~ This
is similar to the condensate meter in that it meagsures steam flow by
measuring the condensate. However, it simply times the run time of the
condensate pump. It requires that there be a condensate pump, and that the
flow characteristics of the pump be known (or measured in the system). Its
accuracy 1s t 1% of reading and estimated cost of equipment and installa-
tion is between $300 to $1500. This system would probably be facility
Installed by purchasing a condensate pump (if needed) and a run time
totalizer.

9. Positive Displacement Water Meters - These meters are positive
displacement meters which use a magnetic pick up. They are made for hot,
warm and cold water measurements including boiler feed, condensate and
similar services. Accuracy is approximately £ 1% of reading. Estimated
cost of equipment and installation is between $300 and $3000.

Manufacturer include: Kent Meter Sales, Inc., 903 N.E. Osceola,

Ocala, FL 32670, (904)732~4670; Neptune Water Meter Co., Box 458,
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:;.‘_ Tallassee, AL 39073, (205)283-6555; Hersey Products Inc., Hersey Division,
’: 250 Elm Street, Dedham, MA 02026, (617)326-9400.

e 10 Turbine Water Meter - This water meter 18 often used for larger
§ sized pipes and flows., It consists of a turbine driven shaft and a

: magnetic pick up. Accuracy 1is approximately * 2% of reading. Estimated

i cost for equipment and installation 1is $300 to $6000.

:’:', Manufacturers include: Kent Meter Sales, Inc., 903 N.E. Osceola,

!2_ Ocala, FL 32670, (904)732-4670; Hersey Products Inc., Water Meter and

a? Controls Division, 250 Elm St., Dedham, MA 02026, (617)326-9400.

3:5 11, il Meters - Several types of oil meters are available for high
S

‘.. temperature, high viscosity, mulci-viscosity flows and a wide range of flow
- .‘ rates., Turn down ratios run from approximately 15:1 at an accuracy of * 1%
:E to 100:1 at = These include oscillating piston and turbine meters.

E: Estimated cost of equipment and installation is $100 to $2000.

NN Manufacturers include: Kent Meter Sales, Inc., 903 N.E. Osceola,

::: Ocala, FL 32670, (904)732-4670; Engineering Measurements Co., 600 Diagonal
:;: Highway, Longmont, CO 80501, (303)651-0550; Electronic Flo-Meters, Inc., PO
.) Box 38269, Dallas, TX 75238, (214)349-1982.

E‘f 12. Gas Meters - Several gas meters, in addition to the types cited
5.3’ above, 1include diaphram, positive displacement, full flow turbine and

::':s: rifice meters. These meters operate with an accuracy of approximately ¢
;'J‘ t% of capacity. Turn down ratios vary from 3:1 to 1000:1 depending on type
‘,‘_}'::: and conditions. Estimated cost of equipment and installatfon is from $100
X to $3INNN.
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Manufacturer include: American Meter Co., Division of Singer, 13500

Philmont Ave., Philadelphia, PA 19116, (215)673-2100; Rockwell Inter-

o national, Measurement and Control Division, 400 North Lexington Ave.,
Pittsburgh, PA 15208, (412)247-3000; and Sprague Meter Co., 35 South Ave.,
Bridgeport, Conn. 06601, (203)333-4172.

13. Electric Meters - Electric meters measure kilowatt-hours, a unit

ii of electrical energy. The industry standard watt hour meters, often

;E referred to as wattmeters, take the power factor into account and measure
e real energy used. These meters totalize electrical energy used and show

ﬁ. their results on readout dials. They may be equipped with a digital

;EE impulse generator for demand metering and for information processing and

;: central readout. Accuracy 1s approximately * 0,25% of readings. These

:5{ meters are extremely reliable with maintenance intervals of approximately
é 15 years. Estimated cost of equipment and installation is between 5300 and
.

* $3000.

23 Manufacturers include: General Electric, Meter Business Department,
S; 130 Main St., Somersworth, NH 03878, (603)692-2100; Westinghouse Electric
i’ Corp., 2728 North Boulevard, Raleigh, NC 27611, (919)834-5271; Landis and
‘iz Gyr Metering Inc., P.O. Box 7180, Lafayette, Ind. 47903, (317)742-1001.

EE l4. Analog Power Meters - Analog watt transducers with hoth induction
< coil and Hall effect pickups are avallable. These are watt meters which
i: provide a DC current or voltage output proportional to an AC power input

(é K and are corrected for power factor. They are totally electric and, unlike

industry standard watt hour meters, have no moving parts. Interface with

an energy management system microprocessor can be provided by an analong-to-



digital converter which should be located as close to the transducer as

possihble. Demand power readings are taken by sampling the wattage output

from the transducer at one second intervals, and averaging over a 15 minute

- period. If the induction coll pickup type 1is used, and it uses a split

ferro-magnetic core sensor, it will be capable of use on existing conduc-

tors without breaking into the line. Accuracy of these meters is about ¢

O 1% of reading. GEstimated cost of equipment and installation is $300 to

$1009. .

4anufacturers include: Yokogawa Corp. of America, 2 Dart Rd.,

Shenandoah, GA 30265, (404)253-7000; Crompton Instruments, 2763 0ld Higgins

Rd., Elkgrove Village, IL 60007, (312)593-1107; Weschler Co., 4000

Northwest 121st Ave., Coral Springs, FL 33065, (305)755-7111.,

'§; 15. BTU meters - This category is meant to include hoth simple and

complex integrated systems which employ meters, electronics and sometimes

special equipment that makes moving the system from building to building

possible. Some of these systems use microcomputers. Some use simple

analog devices. They are often designed to read out in terms of BTUs of

energy use. Costs can vary from $500 to $15,000 and up depending on type

and appli:zation. This category 1is included to bring in some reference to

the electronic side of energy metering.

danufacturers include: Foxboro/Adec Inc., 1421 E. Pomona St., Santa

sana, CA 92705, (714)540-8863; Engineering Measurements Co., 600 Diagonal

Hizhway, Longmoat, CO 80501, (303)651-0550; American Meter Co., Division of

Singer, 1350 Philmont Ave., Philadelphia, PA 19116, (215)673-2100.
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CHAPTER 7

STACK GAS ANALYSIS

Ef ficlency of furnaces and boilers is determined through stack gas
analysis. Both portable and fixed equipment is available. Portahle
analyzers are used primarily for spot checks in small furnaces and boilers
where the firing rate is fixed. They are often used to check the effici-
ency of combustion, to show what changes might be made to lmprove efficien-
cy, and to check the result of changes after they are made. Fixed analy-
zers, on the other hand, are usually used in large bollers or process
combustion systems where the firing rate may be variable or the process so
critical that precise control of conditions is required. Fixed analyzers
are used to both provide the operator with continuous information on
combustion system performance and also to actually control the combustion
process 1itself. Changing conditions in fuel heating value, viscosity and
temperature, along with variations in ambient air temperature and humidity,
result In continuous changes in combustion conditions. These changes along
with changing load conditions often make continuous monitoring and control

cost effective.

PORTABLE EQUIPMENT

There are two commonly used types of portable stack gas analysis
systems. One 1s the Orsat "Dumbell” system and the other ts an electronic
analyzer. Both show approximately equivalent accuraciles. Accuracy on

overall combustion efficiency 1s not usually given by the manufacturers
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hHecause there are too many factors in the computation of efficlency.
However, the 0, (oxygen) measurement accuracy is about * 1/2% 0, for both
systems, If the reading were 3% 0p, a tolerance of * 1/27 0, would he t
17% neasurement error. For this reason, it is usually recommended that
several Orsat readings be taken and averaged.

The “rsat "Dumbell” system uses chemical CO; or 0, analysis, stack gas
temperature probe and a smoke tester or CO measurement depending on whether
the fuel is ntl our gas. With the information derived from this analysis,
the efticiency of the combustion and heat exchange process can be deter-
mined. Some skill and experfence is required to take the measurements and
maxe the calculations necessary to determine combustion efficiency. Costs
for coaplete comhustion analysis kits run from $250 to $500. The Bacharach
Iastrument Co. of Pittsburgh, PA (412) 963-2000 is the only U.S. producer
of the Jrsat "Dumbell” system.

Electronic analyzers have the advantage of being easler to operate
than the “rsat system, and, as a result, might be considered more accurate,
aithough in skilled hands the Orsat system has the capability of roughly
equivalent accuracy. The portable electronic stack gas analysis measures
the stack gas parameters and uses a microprocessor to make {ts calcula-
tions. [t has a digital read out. Two types are available. One is for
individual read outs and ranges In cost from $400 to $700. The other is
dosieied to measure continuously over a short period, say fifteen minutes,
to ali.w continuous monitoring of efficliency while adjustments are made and
condtrions -hange in an industrial boiler. The cost of these systems range

frya $18)0 tH 33900, Manufacturers include the Bacharach Instrument Co. of
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Pittshurgh, PA (412) 963-2000, the Teledyne Corp. of San Gabriel, CA

(213) 283-7181; and the Lynn Products Co. of Lynn, MA (617) 593-2510,

FIXED EQUIPMENT

The two basic types of fixed systems for stack gas analysis are in-
situn and extractive. Both use a zirconium oxide cell coated on both sides
with porous platinum. One side of the cell is exposed to alr and the other
to stack gas. When heated to about 1200° the cell causes oxygen molecules
coming in contact with the platinum to pick up four extra electrons. And
when there 1s a difference in the oxygen partial pressures between the two
sides of the cell, there is a flow of oxygen molecules from the high to the
low pressure side. Because these molecules are lonized, a voltage differ~
ence between the two sldes 1s established which is proportional to the
difference in oxygen partial pressure between the alr and the flue gas.
From this voltage difference, the oxygen content of the flue gas is calcu-
lated.

An excellent booklet, Flue Gas Measurement - A Guide to Maximizing

Combustion Efficiency, is available from Ametek, Thermox Instruments

Division, 150 Freeport Road, Pittsburg, PA 15238,

1) In-Situ Systems

The in-situ system utilizes a probe with a small zirconium oxide cell
which includes a filter for the stack gas and a supply of clean dry instru-
ment alr supplied through the probe., Maximum stack gas temperature allow-
able for the {n-situ analyzer is about 1100°F which permits its use {n most
hboller/furnace applications. Exceptions would be special process applica-

tions where very high stack gas temperatures may be required.
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Y The lite expectancy »i an In-situ zirconium oxide cell is from one to O
- five vears depending on the corroslveness of the stack gas constituents. i~
~ N8
. b

!I Calinratf{on should be done every one or two months on a general purpose £

o hriler and as often as every week if used on a critical process. All in- RO

o . -

g sita probes should employ flame arrestors so that, in the event of a burner o

v o,

ii aalfunction producing a fuel air mixture in the stack, the heated zirconiun - ii“

- oxide cell will not cause an explosion. Accuracy of the I[n-situ system is Ny

'.4:_‘ ."-:.

=, 5 _ , S

o ibout © n% of the reading. Cost of an in-situ system is $2700 to $4000. PR
-, <"

. Liectronics connections to the {r-situ probe are limited to a maximun w

-

o . o e

- 2% about 9 feer. ity

r-'- o“-.

¢ . . .

roe 2)  Extraction Systems .

.

althoagh the principles of operation of the in-situ and extraction

-
inilvyzers are the sawme, the extraction system extracts a stack gas sample :}
.‘-_:.
and renoves it to o large zirconium oxide cell outside the stack. This pS
NS
systen peralts (28 use with stack gas temperatures up to 3200°F and, e
" e
- hecause the cell {5 larger and produces a stronger signal, the electronics s
n.‘ '._"“
h' . N '\-l-
>, Df the svstem mav He located further away than 1s possible with the in-situ e,
'~ o
L] -
svstem, In addftion, extraction system analyzers are availahle which can
Pt o
5{‘ measare carhon aonoxide and hydrogen combustibles. -
-, a
> ‘5
e ;alihration regulrements are about the game for in-situ and extraction :5%
bl £
fvsteas, Aconracy of the extraction systems is * 2% of the measured
_ )
- -2 ciee Perhaps more {aportant is that the repeatability of readings for an Y
* - . "
:_‘-. - n:f
> extraciion s.5021 can bYe excellent, with variations between readings less N
P\; - ~\.H
W X -
. ] tharn 175, where for the in-situ system, because of the varying flue gas &
i )
) condizions, wvariation between readings can be up to 5 or 6%. .{”
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Cost of an extractive 0, analyzer varies from about $3000-$7Q0u. Cost
of an extractive 9, plus combustibles (CO and H;) analyzer varies from

$4000 - $8000.
Manufacturers of in-situ and extraction analyzers include Thermnx
Division of Ametek, Westinghouse Combustion Controls Division, Bailey

Division of Babcock and Wilcox, and Cleveland Controls.
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CHAPTER 8

ENMERGY MANAGEMENT AND CONTROL SYSTEMS (EMCS)

Energy management and control systems (EMCS) can be used for both

enevy and malntenance management. Most EMCS systems employ off-the-shelf -

minicoHnmputer./microcomputers, instrumentation and equipment configured into

a network with control monitoring functions at multiple locations for

rating, veatrllaring, alr conditioniag, nrocess equipment, lighting,
chilliers, and bhoilers.

The -~apacizv of an EMCS svstem to effect energy savings and optimize
evevygy se will depend on the number, tvpe and location of sensing and
chatrol polats as well as on the tvpe of eguipment and controls heing
mAanaged.

Many energy using svstems in our current building iaventory were
crizinally designed and operated with little concern for energy conserva-
Lian.  FMOS svetems were extensivelv emplonyed in the late 1970's as a means
27 rediaaing encrgy usage in fundamentally Inefficlent svstems. 11 many
cases these EMOS systems were able to assist in reducing energy costs bv as
et gs W, Thev accomplished this in several ways:

Y Datw Cveling - Uses EMCS to start and stop HVAC equipment based on

= aroswor wchedn'e to redice unnecessary run times on electric motors

o niowe s chillers, puaps, and on other cnergv consuming HVAC equip-

ment,

"' Jentra. sensor Temperature Contrnl and Night Set-Back - Uses EMCS

oo ot el ar HYAT guesten on or otf rto satisfv oa centrallv located sens -
114
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posicinned to provide approximately average temperiatures {n the area served
by that system. This takes control out of the hands of indlvidual users
who miv not observe the required maximum heating or minitmum air conditioned
teaperature established by the government or agency in control. The FMCS
can usually be programmed to use different temperatures for night or long-
term shat down. In cold regions, to avoid freeze ups, it is lmportant t»
place sensors for long-term shut down (where 45°F or SO°F might be used to
save energy) in locations expected to be the coldest, This is often diffi-
cult as the coldest location in a building will depend on wiid speed and
direction. So often more than one sensor 1s used for this type »f low
temperature control and the system is designed to use the sensor exhibiting
the lowest temperature. Building occupants cannot adjust these sensors as
they might a thermostat., The control function remains in the EMCS and is
wljustable only from the central sr local control console.

}J)  Demand Limiting - uses EMCS to selectively shut down users of
electricity to avoid total momentary electric usage exceeding a
pre—established peak ahove which the facility will be assessed a rate
penalty by the ntility.

4) MonitoHring and Alarming - Uses EMCS to monitor space temperatures
and equipment operation and alarms the central control operator when pre-
ot values are exceeded or critical equipment fails. This saves enerzv
Jhen a4 falled system wonld tend to increase temperatures, or cause svste-ls
o run unnecessarilv,

5) Monlthring MotHr Run Time - Uses EMCS to monitor and recori run

time on eleactric motors. This can provid? necessary information t» deter-
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mine potential cost savings and payback for replacing existing motors with

new high efficlency motors.
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P

) Controlling Motor Stop/Start Times - Uses EMCS to avoid too close
stop/start cveling which would significantly reduce motor life. This would
resalt in maintenance cost savings.

One of the most difficult problems in attempting to make exlsting HVAC
equipment energy efficient is that the controls used, particularly the most

prevelent pneumatic controls, are not preclse, are difficult tf not

55 % ‘L '.“r _r"

{mpossible to keep calibrated and consequently are prone to out-of-balance

operitlon. Most controls i{n existing buildings were designed in the days
Jhen energyv costs were very low and when HVAC systems were designed to heat
and cool at the same time. During times of relatively low cost energy,
reheating cooled alr to get proper room temperaure was commnon. Today,

except where significant dehumidification is required, reheat systems are

R AL /q‘i"-'-'-"""' 1, 1,

seldom nsed, Some of the greatest savings achleved, as energy conservation
hecame important, were realized as a result of changing the opecration of
outlding HVAC systems to prevent them from reheating previously cooled

air - from heating and cooling at the same time. However, this required a
finer contrsl finction which most controls and most systems were not able
to provide. As a result, much time and effort has gone Into adjusting and

1aitalning controls; and even with increased maintenance, complex build-

LAY}

sy nodiflied 1n operation to be energy conserving often do not function

4y %s

]

.
s

verv Wwell, at least not to the satisfaction of many of the users. Thus,

Y
b<ﬂ ‘.
" ..‘ L

the anility of EMCS to provide both energy savings and user satisfaction

depends a4 great teal on the HVAC equipment, system control design, the way
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the EMCS is integrated into the system, and the types of saensors and M
Ay

controls the EMCS integrates. xf{
S

The heart of an EMCS is a digital computer fed by analogue sensors :;Q

%

which control certain HVAC system functions. The quality o»f the {nforma- e
N

-_"..'

tion available to the energy manager is a function of sensor accuricy and TR
o

M4

reliabilitv, sensor location, and choice of measured system parameters.

The ability to minimize energy use while still providing user coafort and

O AN
PR

utility depends on the quality of {nformation fed to the EMCS, the faherent T
-\.n-'
AN

ability of the HVAC system to modulate {ts energy usage, and the charic- >
Fe
. . N
teristics of the EMCS-HVAC control linkages. R
_.v'\.-
AT

Both sensing and control portions of an EMCS are crucfal to {ts

'

.
l.l

e

1 4 ol "
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-“ .‘ .
v el

anility to help the energy manager conserve energy. At the present time

aost EMCS do not emplov energy flow sensing. They measure temperature and i
&

280

sometines pressure but almost never measure flow., Thus, current EMCS wil! i\}w
oy

PR

Ny A

Y.
Al

not give an energy manager all that i{s required to measure actual energy

consumption. The energy manager can use the EMCS to reduce energy uaseage T
\_{._h’
Ty 4
hy controlling blower run times, assuring against over-temperature opera- :¢:{
.
o
e
tion, and other techniques made available by having an EMCS monitor enerzy hf?

related system parameters. The manager knows that [f temperiature ia a
heated bullding {s reduced 5 degrees, or increased 5 degrees In an air
conditioned building, the building energy usage will drop. But at present
most EMCS will not actually monitor the energy flow and the manager only

receives this information indirectly by reading steam or electric meters,

)r waiting for the utility bhill.

The technology in HVAC controls i{s gradually changing. Some worx on -~

development of digital controls {s underway and sone have bheen used by

-
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< inanovative users of complex systems. Several manufacturers are producing t
Q\ -
~ +
AY iy
o ar ire about to produce direct digital control (DDC) systems. DDC systems ::
)
- -~
) I
-~
- oroalse daccuracy and reliability. Resistance to their development has heen E
; o
::,, due to both inertia on the part of the large control manufacturers, and LYy
.4 Y
2 cost, Nften first cost is what controls building equipment decisions.
r "
=9 e,
) Life cycle costs, which would include energy use, are more often talked - E
x}
:': about than used, both inside and outside the Government, and when energy b
‘-:: t‘.(
25 costing is used outside the Government, one to three year energy paybacks y
L~ "
L -A
o o equipment are usually required. 1In non-government retroflt, where b
=
‘-'*-'4' energy pavhack 1s most often used, a short one to three year payback pre- :::
¥ 3
AN Jominates. Thus the development of accurate HVAC controls has been slow. o

«
.
4

'\4 "o
Pl To eaploy an EMCS successfully, the facility engineer may wish to E

- ™
N consider the following steps:
7 .
. l. Tdentify and understand the important energy using systems within "

l‘.

the facility., Complex buildings and the major energy users within those

\ batldings must be identified. ':
i~ N
oL l. “valnate existing controls. Determine the characteristics and :
o .
1'.: ‘F:
:') capabilicles of existing controls. An EMCS will be limited by local .

-~

.
_.'\-: controls on energy using equipment. Determine the ability of existing jn
* 3
AR L
2 -

x

- controls to maintain calibration.

P

3. TZonslder what i{s needed to upgrade control and HVAC equipment

i
g | Y

". '.‘u
:: comaponents to provide satisfactory control and operation and to provide a "
-f_. l‘"
2, 4

e weli ntesrcat=d system with candidate EMCSs. y
P> 9

o .

- . wtermine information needed to monitor and manage energy use, '
- ’:
N -
:::. yo  Jeteraine number, locatlon and type of sensing devices needed to v
L% ,,
l:~ “
Wt provide necassary Informacion. -,
‘:, ’
o 118 .
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A
& -
10,9 :&
':3 A. Estimate growth potential of individual buildings and the poten- N
b, .
ts: tial for new facilities. Determine contemplated changes and estimate :
,:~ potentlal additional servicing points which might be required over the next :;
}f ten years. %
::E 7. Investigate EMCS candidates to determine which types fit the needs E:
By ~
;lj ) of the facility. Provide potential EMCS suppliers with detailed needs and §§
.f; work with EMCS manufacturer specifications to optimize system utility. S;
& g
fﬁ Check to be sure that the EMCS has enough capacity to monitor all sensing g:
> )
v points with enough room for anticipated expansion. Keep in mind the needs gﬁ
) for flexibility and the possibility of Incorporating new components as the :3
B ¥ » L
;;; technology changes. Energy managers usually find out a great deal morvre E:
\ '.!;- -

about their equipment after an EMCS has been installed. As more {s under-

EL

- stood, more i{s seen that may need to be changed. So system flexibility is
important.

8. For large or complex installations, simulated equipment operation ii

nn the EMCS is very useful. This allows the EMCS manager to program the

AR
N
" ‘l ‘l L]
)
.

characteristics of various HVAC systems and to then, at any time in the

D
y
.

;}' future, see what result a change in operating parameters will have in
?g: system operation. This can be done very quickly {f the simulation capabil- 83
L, )
xs ity is included. If it {s not, the EMCS manager will have to make changes xj
s >
;:! using the HVAC systems and then watch the results. A change will be made, ;;
;Si and then, using a printout at set time fintervals, the manager will see how ;E
E; the system responds in real time. 1In this way what could take a few é}
':; minutes with simulated runs, could take days and significant amounts of :E
i? energy using the actual HVAC systems in real time, ;;

i
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J. Consider distrihuted versus centralized EMCS. For large facili-
~ies with several coaplex energy using building, distributed control
svstems may be useful. Distributed processing allows for varying amounts
of programaing and spot monitoring at the distributed field locations., The
heart of the distributed control concept is the intelligent Field Interface
Device or "swart FID." FIDs dare termed "smart” because each has the
capacity to continue performing energy management functions in the evaont
that the central unit or any FID {n the network should fail. As distribut-
~d coatroal decomes better developed, it allows the use of more units
Hetworked together with the ability to exchange iInformation between con-
teollers withiout going through the central computer.

Although 2MCS was originally used as a central monitoring system with
linited control functions, {ts use as a controller {s now expanding signi-
“lcantly. The new digital control technology initiated by EMCS has placed
tncr2ased eaphasis on direct diglral control (DDC). These controls combine
a mlceropeocessor with sensors and electric actuators and represent a new
oot r)ls technolongy alternative to the old pneumatic thermostats, recelver/
contrallers and activators. DNC has several advantages over the old
preanatic controls:

e Treates more accuriate and sophisticated control.

2. Reducel niintenance due to fewer parts, greatly reduced calihra-
“foa reqilrenents, and the avoldance of a complex compressor Jriven pneu-
1wt 1l sstem prone to compressor vil contamination.

3. The ability to communicate directly with the EMCS.

v, Lower huilding life cycle cost.

T e ey
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[tem 3 above opens the door to using the EMCS with DDC as an energy
flow measuring device, since if the flow characteristics of water, stean,
a2t alr 1uct valves and dampers used for heating or cooling are known and
are part of the EMCS algorithms, the DDC can provide feedback to the EMCS
on valve or damper position and flow temperature, velocity and pressure to
provide energy flow information for use in allocating energy use to specif-
{c areas.

At the present time (1986) DNDC has a higher first cost than pneumatic
systems and is relatively new in the market place with a limited numher o f
suppliers. However, the number of suppliers 1is increasing, with several
just about tn release new DDC equipment in 1986. The cost of DDC equipnent
is likely to come down as usage lncreases,

An extensive list of approximately 100 EMCS suppliers can be found in
Energy User News, Vol. L1, No. 8, February 24, 1986, page 8.

€Cost of EMCS varies widely depending on size and complexity.
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A
AN
s ILLUMINATION MEASUREMENT
\‘_‘-
L S
3 LIGHTING SYSTEM EVALUATION
e
ol LIGHT METERS
Tt
~ Measurement and Analysis. One of the most widely used devices for -
WA
g measurement of light 1s the selenium cell. This cell when coupled with a
\.':,"‘
:}:: microdmmeter, corrected filters, and multirange switches {s used in hand- ;
ol
) neltl tlaht meters and other more precise Instruments. For wmultirange use
1\ .
L in precision neters, different cell heads are used. Cadmium sulfide photo-
v ,‘:’
Uy
-" 1] .
{Q? -alls, i{n which the resistance varies with the illumination, are also used T
NG i
.!"'J

» {n iight nmeters. %

. The small survey-type meters do not have the accuracy of laboratorcy

;;: meters, Aand readiags should be considered approximate, although the read-

ings are quire consistent for a given conditilon. Thelr range is usually

froa about 5 to 5,007 footcandles. Precision low level meters have cell

Y
e
e

PR A

N 2
.

1eads with ranges down toy 2 to 2 footcandles.

[€ Light meters are used to measure the number 2 lumens per squace

C

L}
'Hﬂ toot leaving a surface, foot lamberts (brightness), instead of footcandles
!

VY ({1l minatfon), are being measured. Light meters can he used f.or measure-
Wy
¥ . .
A ; w it ot hrightness, but electronic brightness meters containing a photo-

"
*:;} ©oawe, amplifler, and wlcroammeter can read brightness more directcly.
o | ’
::w; Tvpi L ranges are from J.0001 to 100x10° foot lamberts on a single meter.
¥ '\;“.

)
" Thouse (ight meters that {ncorporate a spherical diffuser can he used

ty measac~ {ncident light on a surface. For a reflected light measurement

s The eoter s polnted tnoward the subject without the diffuser over the
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photucell. fsually light meters are used in walk-through type lighting
andits of a building where both natural light from windows and artificial
{liumination from lighting fixtures can be measured. The measured lizht
levels are then compared with standardized levels and recommendations made
with respect to effective cost reductinn,

Accuracy - Not avallable,

Advantages

Light meters can bhe used to measure the combined {llumination in a
space that results from natural light (windows) as well as from the artifi-
cial light (lighting fixtures). They can also be used to measure the
1ctual {llumination 1{n situations where the measurement would be preferable
to the calculated value (e.g. reduced illumination due to soiled bulbs).

Multipoint lighting analysis {s required for a true picture of light
levels. This requires a great deal of time, or multiple sensors if many
tests are to be run. Measurement of equivalent sphere {llumination, one
measure of lighting effectiveness, requires a special overlay for the light
meter, and a computer analysis of the data. Light measuring equipment can
be expensive, depending on accuracy and complexity.

Using measured bright levels, it is possible to get a more accurate
level of lighting availability than using the technique of adding the total
electrical i{nput (watts) to all the lighting fixtures Ln a space and divid-
ing by the illuminated area of the space., The measured light levels take
into consideration the avallability of natural light as well as the actual

light levels Incident upon individual work surfaces (tables, desks, comput-

er terninals, etc.). o

LAYy
""

123

P 3y
LI
: s\"'v'.'

-
> r Y
o
J"I"x'.' .
2l ]

ki

W

AP PR R I L 1 et i, t A » ™
'.'-.< "‘*.‘-I' ."{'- e l"\ N 4 : ’ Ny . > ;'\\- -
9 AR A il 4 L., ) 3 s

R L R W A e A e
. % AU A ,M!‘.c.,l.

»

.



ik g o e e aes uin i aiod aie mek an a4y de aon o L ane s gaa aal s sl ot e aan add el bt ol wi k" dia it e LAt daifieb lat dine fap i ane et Bab pah bl Aok Bl Aslid e

Limitations

The disadvantage of measuring light levels {s that {t is more time
consuming than a4 walk-through audit based on calculations.

Cost. Depending upon complexity cost can range from $25-5200,

New Technology/Developments. Light meters are available which incor-

porate a nemory for storing light values, instantaneous readings, program- .
mable exposure changes, a spherical diffuser for incident footcandle read-
ings, and various other accessories.
With the development of the portable computer terminal, results of a
walk-through Llighting audit can be processed on-site by keying all data
into a central computer over telephone lines. Such data includes (but 1is
ant limited to) heating and air conditioning costs, type »f fuel, number of

lamps, mounting height of lamps, lamp life and usage, maintenance and

installacion costs, and lighted areas.
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- CHAPTER 10

ELECTRICAL SYSTEM EVALUATION

2 ELECTRICAL MEASUREMENTS

METERS (VOLT, AMP, WATT, OHM)

& S5

a3 Measurement ard Analysis. Over a period of about 150 years many
* .

-

:¥ persons have contributed to the art of measuring electrical quantities,
A

)

such as volts, amperes and ohms. Through most of this period of history

{1
»

the principal effort of making instruments react to electricity was aimed

=
[}
Wy

oA Yy

S

at the perfection of pointer deflecting instruments. 1In these, the deflec-

¥ N
% 45
2t

L
a

gL

tion angle of the polnter 1is proportional to the value of the electrical

quant {ty measured. The name analog instruments has heen colned to distin-

R R

Ziish these Instruments from a completely different type in which the value

of the quantity measured {s displayed in numerals. These newer instruments

are called digital instruments. Digital electrical instruments owe their

.
e

'
&t
efat e

existence to the ability of electronic devices to create electrical pulses,

e e

’

perforan rapid switching operations, produce precisely predictable time

functinns of voltage, make voltage comparisons, amplify and to perform the

XA

fandamental operations of addition, multiplication, differentiation and

L R
L}
X

T
v

.

tntegration.

The distinction between analog and digital instruments 1s perhaps less
significant than the basic approach to electrical measurements. .Just as we
weigh objects agalinst a standard weight on a calibrated spring, so can we
measure electrical quantities such as voltage or current, by balancing the

trque they produce {n an electromagnetic system agalnst a calibrated
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spring., 9r, we can balance the electrical quantity {tself against a stand-
ard value »f that quantty, as in a potentlometric system.
styliag of analog {nstruments has produced a multiple~-range, table-top

instrument containing a permanent-magnet, moving-coil ingtrument with a

e varisty of circuits and transducers for measuring many electrical functions

!! {1 one nmoduldar housing. With a permanent-magnet, moving-coil mechanisn, .
v ~1ls instrument measures direct current and voltage; with a moving 1lron
.

vane 1echanism, it neasures alternating current and voltage.

A dizital voltmeter converts the analog input {nto digiral logic and

yﬁ. disnlavs it in decimal form. Solid state electronics perform many func-

}f‘ ttons at high speed and with great accuracy. Digital instruments use elec-
; tricil and electronic means to convert electrical quantities into digital

f vz

“

outputs and readings. Almost always the input quantity is a voltage, other
quantities heing easily converted into voltage before being processed by
te [aistrument,

Accuracy. Flectrical {nstruments may be calibrated against the prime

stanaacds of the quantity measured. However, most are calibrated against

secondary standards whose calibrations are traceable to the primary stand-

i}: ards. All primary standards in the United States are established and main-
gt

e taitned by the National Bureau of Standards.

i"‘f

RN lrernating current voltmeters and ammeters are usually calibrated

g

Ek- 12tingt electrodynamic voltmeters and ammeters which have been calibrated
A

;ﬁj aodr ket carrent and have a known accuracy on alternating carrent.

~

200
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on The inest analog Ingtruments are rated to bhe accurate to within =
A i -
W Jol% or rull scale, Digital ingtruments can be naade 50 to 100 times more
A

o

ey Accarates
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Advantages and Limitations. Comparative rate of change of the quant-

{ty measured can be judged more easily when observing the motion of a
poiater on an analog meter than a change I{n the value of a digital read-
ont. Analog instruments are prefered when a visual indication of rate is
y {mportant,

Analog Instruments are relatively simple in construction and can be

' nade to perform under very unfavorable environmental conditions. However,

T e
Rt g
[
LI
£ oa

M they contaln moving parts.

"2 78

Digital instruments are relatively complex and made of parts and

-

v
4
4

components whose reaction to environmental condition varies. However,

AT AR
s
e

,
[
,

dizital instruments can be made without moving parts.

R ok

, Diagnostic electrical measuring meters are in general relatively
inexpensive and do not require extensive training for thelr proper use.

Cost. Depending upon accuracy desired cost can range from $25 to
- several hundred dollars.

d New Technology/Developments. meters are beling manufactured that will

» comnunicate directly with a computer. The use of thermal scanning tech-
niques to determine the temperature rise in an electrical conductor is a
relatively recent development and is worth describing in detail.

Failure mechanisms in current—-carrying equipment usually develop as a

result »f overheating, caused by high resistance connections of circuit
conductors. Overheating causes the deterioration of electrical and mech-
’ anilcal components, as well as the insulation. Factors which contribute to

the formation of high resistance connections Include: loose connections,

improper 2quipment design and {nstallation, vibration, expansion and .
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contraction of circuit varts due to load cycling, deterioration of

1o thatical components, and oxidatfon of conducting surfaces. Overheating
Af high resistance connections s a self-compounding proublem. The
tembperatacre facreases with the resistance of the connection. The greater
The teaperilure rise the more pronounced the effects of forces that further
fncredse the resistance., The problem becomes progressively worse until a
failare causes a short clrcuit which damages or destroys the device. Using
1 thernal inager the resistance of circult connections can be checked by
evalnaring cthe thermnal image of the device's terminals. Temperature
ittferences between various loctions {n a terminal can be measured with a
ditrerential T-mperature measuring imager. However, only qualitative
comparisons intensitvy ditferences of bright locations) can be obtailned

Ji71 an imager that does not have the capaclity to measure temperature
ditt: renziats.
The bisi: method in the inspection of electrical/mechanical components

s ©> observe the thermal operating characteristics of the equipment to
discert L7 any abnornalities exist. These abnormalitles can be analyzed to
Jeternine the severity and the cause of the praoblem. There are three
comnarisons that can be made with a thermal imager in order to observe the
opeseniing characteristics of an electrical device. Parts of the device can

aapaced with itself, with an adjacent device, or with the ambient alr
Lemperature,  Yach c¢omparison provides a different reference for obtaining
i avecvies uf the cperating conditions. The speed at which the Ingpection
Ls pecforaed 411l Jdepend on several factors including the complexity of the

1

sivocrrical Tarchanital equipment, the operators skill and technique in
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yperating the thernal {mager, and the numbher and nature of the problens
that are detected,  Simple distribation equipment can usually be {asnecteld
frn a4 few seconds. More complex apparatus mav take several minutes, Since
there are cirenit components that normally operate hotter than anbieat
temperiture, thernal patteras can be very complex. Experfence and k1iw!-
olge of electrical equipment and distribution systems dre verv iaportant tH
the results of an inspection.

When a problem is detected, a more detailed summarv is done t»

pinpoint the location and to analyze the nature of the problem.

Ve
Photosraphs and thermograms are then taken to record hoth the thermnal data SO
and the visual scene., Notes are taken to record the information necessarv e
. . I3 2 '."‘.“

to ldentify the location and describe the nature of the prohblemn. These
. N2
notes are used later in the preparation of a written report. e
B
T 3 . —' ~
Thoere are some failure mechanisms inherent {n current-carvving equip- ;@h
~TA
P‘-. )

b

ment which are indiczated by "cold spots.” As mentioned earlier, some elec-
trical devices normally operate much hotter than ambient temperature. A
problen 1s indicated 1f they are observed to be operating at amhient or 4
colder than nornmal temperature., There are failure mechanisms other rthan
high resistance connections that show up as hot spots. A severelv unbal-
anced condition could cause the fallure of a motor, generatour, or

transformer. ’'jnbalanced currents in a three—-phase systea can alsa be

detected. The temperature of those conductors carrying more current wil!l ?N N

Lo 'w

A ~

he higher than those conductors carrying less current. In this situatisn, :ﬁ{-

&

the imager will indicate two phases that are operating at equally higher r%“

: W
o -
. temperitures than the third phase. This {ndicatinna of an unbalanced .
L ~
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current can be confirmed by measuring the currents flowing 1a each phase
with a ~laap~on ammeter.,

A good electrical connection {8 characterized by very low resistance.

b
'y

A low resistance ohmmeter can be used to measure the resistance of circuit

A4, A A
2.2.0. 7,8,

connectinns, but the circult must be de-energlized. It would be very time

E )

consuming to measure the resistance of every connection in an electrical

systems It 1s usually diffilcult to schedule a power shutdown for that

U el SO PUIP I

-y
€ x

purpose,

A quantitative thermal imager can be used to remotely and quickly

f o
©OT

monitor the relative apparent temperatures of all conducting/insulating

“‘r"l‘::
Ahb

v
%

surfaces without the need to disrupt normal system operations. With this

19
AR

4

information decisions can be made to establish priorities for making

oy
wh

repairs.

't‘;;l
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However, a nonquantitative imager can only be used to make a qualita-

"
T

N
3%

tive conpartison (extremely hot, hot, warm not hot) between two or more

A
L)

7
f"{

&

conducting/tnsulating surfaces.

I"

A

4His

If trae temperatures are required of a conducting/insulating surface,

-
v “"
)

then system calibration curves and surface emittances are required. This
procedur2 requires somewhat more time and effort than that required for

differential measurements.
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CHAPTER 11

INDOOR AIR QUALITY MEASUREMENTS

CARBON MONOXIDE (CO) MONITOR

Measurement and Analysis. Although long teran health effects from

exposure to low levels of CO are suspected, exposure to high levels of CO
for a shorter period of time can cause more serious immediate health
probleams including death. Typically, CO levels high enough to cause "short
tern” health effects are generated by a blocked combustion flue, a faulty
or poorly tuned combustion source, or a car with its engine o1 In a gar-
age., There are several commercially avallable continuous real-time moni-
tors that can reliably measure CO levels through a electrochemical oxida-
tion/diffusion process. Indoor CO problems can be detected hy turniag on
the combustion sources for a specified time interval and measuring the C?
levels,

An alternative to monitoring the continuous CO concentration is tn
measure the average CO levels over a longer perlod of time. From the long
term CO concentrations it should be possible to identify a residence that
has high intermittent C0O levels, 1In general, a home with a higher average
CO concentratfon will have high CO peaks. One approach {s to use a passive
monitor which requires no external power and usually measures an Lntegrated
pollutant concentration over a perlod of 24 hours to 7 days. One passive
technique avallable is to expose a tube of silica gel heads {mpregnated

with potassium pallado sulfite (PPS) which changes color from vellow to

brown {1 the presence of CO.
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o Accuracy: Active: £l - x15% \_'
o i
:: Passive: 2 - t5%, &:
i ’\.:t
Advantages vy
PN e
i-‘ Active/Passive: No training required for sampling operation. Real- :_.
*.‘ -,‘
G time noniinr data doesn't require laboratory analysis and the results can l'j:
N :
. &
. be made davailable immedlately. <r
.. e
-.'.. L4
" Limitations v
Y -~
;;:. The field reliability and accuracy of PPS indicators for spot or aver- N
S
ige ueasurements on a large scale audit has not been established. For spot ?{,
-_': :':_
o nedasarements, there is no guarantee that a single measurement 1is represen- o
.:'- ('_:d‘
uj: ~atlse of norma! furnace, stove, or other combustfion activities. For r:
; average acasurements, the diffusion characteristics of CO through silica g
- -
B L]
. AN
:: Zel heads dare not adequately defined for making quantitative measurements. -~
‘}: . ;:}-
) Cost: Active: 31700 - $2500 N
< i
. Passive: $§ 700 - $1400 b
4
“ 'h'
o~ “srassiun pallado sulfite (PPS) beads (passive) $1.50 each in lots of N
O
588 - o,
v 1), e
» New Technology/Developments. None. '-‘c
- .
N o ) o
My FIBxOUS AEROSOL MONITOR e
A ’ o
w Y
B - Measurement and Analysis. Sample air passes through a chamber and ';.J
N 2
)
e 1iers 4 sensing reglon tlluminated with a He-Ne laser. The light 2
4 >3
o N
: G- "teres ont of the laser beam by the osclllating filbrous aerosols is , o
.-. ! -f.\
. ~
:',- fetects! Hy a photomulitiplier tube. '.';}
LYY i
&
_‘ Accuracy. FEqual to reproducibility when calibrated for specific r_-_a
__J' 4 S.,.'4
A5 finers, o~
LS, b
S ‘o
- ~
5 e
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o 3
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Advantages

Can operate for indefinite unattended period of time. May be operated
nff battery pack. Has recorder output. A standard membrane filter perunits
a concurrent collection of fiber samples.
Limitations
-« Requires occasional cleaning of optics.
Cost. $12K-$13K with battery pack and digital to analog latecface.

New Technology/Developments. None.

' S
Wit

FORMALDEHYDE (HCHO) MONITORS (active/passive) P

T = .‘h‘,

Measurement and Analysis. The passive monitors operate by a process S,

A

where the formaldehyde diffuses into the monitor and is collected by a

L S 2
e
h 4
e

x's
(A

o

sorption process, They can bhe left unattended from 2 hours to approximate-

ly one week. The shelf life of these devices ranges from a few weeks to

N

approximately one year depending on whether or not they have been previous-

ly exposed to formaldehyde.

SN

-“.-- .+
E s
[P

3

The principle of operation of the active formaldehyde analyzer {s that

...
Dot

* .
[AMTRENEN

'

sample air {s drawn through a solution that contains a fixed quantity of

sodium sulfite. After the addition of pararosaniline the intensity of the

o
7

N
]

color i{s measured in the yellow part of the spectrum.

" oot
RN
,

2y
¥

Accuracy: Active: 3%

Passive: *13 - 25%, K X

-
&
1,
v
Pe

Advantages and Limitations Ty

Active: 987 collection efficiency. fan be used over a range of 5-957% }“;*

relative humidity. No training required fur sampling. o:

o
NN )
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fb Passive: Requires no power. Requires no speclalized training. Low
P q P g
S

Y
E*\j accuracy, low reproducibility. Inexpensive, Laboratory analysis must be
Y,

ased to obtala quantitative results.

.
Cost: Active: §5K-$6K i:

|

N

Passive: $7-535 depending on lot size and analysis require- t;

[y

nents. 7
“

New Technology/Developments. None. A
PARTICULATE MONITOR (active and passive) ;o

3

Measurement and Analysis. A pulsed infrared laser, in combination

2
51

oo

with detectnr, senses the forward light scattered by the particulate

o
L T

<%
¢

mdatter.  In the passive device the air flows freely while the active device
Gses 1 puap o pnll the alr through the sensing volune,
Accuracv. EHqual to the reproducibility for specific aerosols.

Can be operated over humldity range torm 0-95%Z. No training required

for sampling.

Lost. Passive: Approxlmately $2K without recorder
Active: $6.5K - $8.0K without recorder. b3
New Technology/Developments. None, a
PARTICULATE SAMPLER/IMPACTOR Fa
Measurement and Analysis. Air is accelerated through nozzles or slots -
o~ de-tgned to pass or reject particles of various sizes. The particles are , é
5} then cellected and analyzed. ;i

N

Accuracy. Accuracy is specified at certain flow rates and pressure ;

drops iad varies between 37 - £10%.

e
WA
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Advantages and Limitations. Training required. Will sample any

amblent particulate concentration.

PARTICULATE ANALYZER

Measurement and Analysis. The sample air stream is passed throuzh an

impactor to remove nonrespirable particles. The particles that exit the
fapactor are precipitated onto an oscillatory quartz crystal sensor. The
change in frequency of the sensor i{s proportional to the particulate mass
that has cnllected there.

Accuracy. Accuracy is +10% - £0.01 mg/m3.
Advantages

Relatively high collection efficiency. No training required for
sampling,

.imitations

Annual calibration recommended., Maintenance required., Changes in
r-lative humidity during a measurement can cause error. Some particles
(e.3. Jry dlesel exhaust) are not sensed accurately,

Cost. §5K - $17K dependf .g upon model.

New Technology/Developments. None,

NITROGEN DIOXIDE (NO, ) ANALYZERS (active)

Measurement and Analysis. The principle of operation of one analyzer

is based on a chemiluminescent reaction with ozone which is detected by a
photomultiplier tube. Anonther analyzer uses a dye-forming reagent to

continuously absorb the sample alr. The intensity of the dye 1s measured
at a specific wavelength in the yellow spectrum to obtain the NO, concen-

tration.
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Fot
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S s
(AR
:;::3:: Accuracy. Instrument accuracy 1is dependent upon calibration source
LA

N iccaracy.

: Advantages

W

a0,

O Training not required. Both can be used over a wide range of humidity

o

A (5-95%

“or (3=95%).

4 .

\ Cost. Chemntluminescent - $7.3K (without recorder and battery pack).
L2
ATy Chemistry/colorimetry - $5.8K.
:_:Z New Technology/Developments., None, /

NITROGEN DIOXIDE (NO,) SAMPLERS (passive)

:j_:.f Measurement and Analysis. The basic principle of operation in three
:f.':: commercially available devices s diffusion/sorption. 1In the dosimeter the

L) colleczion relles upon molecular diffusion to deliver sample air to a
-

DN

e 1ijuid sorbent solution at a constant rate. After exposure the sorbent is

\"\

<.
?{-’_ analyzed in a laboratory spectrophotometer, In the Palmes tube the cap is
) removed during sampling and NO, diffuses to a collector at a rate deter-

Pl

.

::j:- mined by the tube geometry and amblent NO, concentration. At the termina-

-

Ry tion of the sanpling period the collector substrate i{s analyzed to obtain a

Lo

~ quantitative value for the time weighted average concentration. The NO,

A;..:.

oy filrer badge basically uses the same principle of operation as the Palmes

T tuba.

"

; Accuracy. Accuracy *18 - £20%.

x:‘

e Advantages p
-'{_ -

Y

s No trilning required for sampling. No maintenance required.

= Cost. Device Amt.,

o T ¢
:: Dosimeter approximately $ 1.00 each in lots of 260 or more

P

b Palmes $ 8.00 - $10.00 per tube

& Vilter Badge - $11.65 each o
" Y
)
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New Technology/Developments. None,

OZONE METER

Measurements and Analysis. The basic principle of operation is the

o photometric detection of the flameless reaction of ethylene gas with ozone.
N

Ly
.$:: Accuracy. Not available.

T
R -~ Limitations
L pt il

;Q Training recommended.
o
8 h\

z: Cost. $6-$7K,
hTy

he New Technology/Developments. None.
:‘_’: RADON COLLECTOR (passive)

o

i

Nj Measurement and Analysis. Ambient radon diffuses into a chamber where
¥

e
§
'”f the subsequent disintegration of particles are electrostatistically focused
i~ onto a doslmeter chip. Each particle striking the chip creates defects
"y
';: which can be related to the integrated radon concentration. The instrument
N is based upon the Passive Environmental Radon Monitor.
*

o Accuracy. Not available,

,/‘:

o Advantages
:g’ Can operate up to 1 year unattended. Can operate over a wide range of
A

o ambient temperatures and humidity. No training required for sampling.

g
o
Fe. Cost. $600 (includes batteries).
ad X055
6

- New Technology/Developments. None.
NS
- RADON MONITOR (active)
s
=‘: Measurement and Analysis. Radon daughters are collected on a filter
l.. "
and particle activity is measured with a detector. A microprocessor counts

-~;
‘:3 - and stores detector pulses.
\ "J
[ ‘J
)
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o Accuracy. Typlcal accuracy is *5%, N
-~ RS
:‘:- Limitations .
e — I,

Requires some maintenance. No training required for sampling.
e -
?:j-: Cost, $2-33K depending upon model. Ny
$';: New Technology/Developments. None. ’ ‘:::‘,

RADON/RADON DAUGHTER DETECTOR (active)

X
.

)
JHL

f" Measurement and Analysis. A known volume of sample air is drawn N
N
2 <4
r:.z throngh a filter and a gas scintillation cell. Radon daughter products y e

E X
v,} ’V “n

collect in the filter while the gas cell retains a sample of radon.

vy

. Y
E-:’_ Accuracy. Not avallable. :::;‘
_-‘Q ’. -
WS N
N ; r
o Advantages :
. R
g Useable over a wide aablent temperature range.
:.:J Cost. Approximately $8K with optional accessories. "o
J'\. .,‘.
o
b New Technology/Developments. None. T

X
| B

RADON GAS MONITOR (active)

Pyl 2
:Z Measurement and Analysis. Three measuring ranges. Selectable ‘:-::
oo -
"',1*- sampling intervals. Contailns sample chamber, solid state detectors and E::
-

' microprocessot to control operation. Ambient air is drawn through a pre- %
<
E":’ filter which collects daughtecr products of two radon isotopes. Alr enters ?5;.,_
E\: 1 saaple chamber and the decay particles are deposited on a solid state :"‘
;% foetector., The decay particles are analyzed to discriminate between the two
o

R
Y

o tadon Lsotopes. Daughter products captured on the prefilter are also
Y
F}",: . /f
&-' anaiszeds All information {3 stored in memory. ,
.| Accuracy. Accuaracy -10%. ‘
w2 ——l
y_ 4 [
& »
: o
P
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Advantages

Useable over wide ambient temperature and humidity range. No field
calibration or tralning required.
Cost. Approximately $35K with optional accessories.

New Technology/Developments. A humidity sensor has been ilncorporated

« to monitor the relative humidity level of the prefiltered ambient ~ir.

RADON DAUGHTER ANALYZER (active)

Measurement and Analysis. The analyzer contains a filter for the

incoming sample air. A computer that plugs into the analyzer coumputes the
radium concentration automatically. Sample air is drawn through a filter
for two minutes while simultaneous wmeasurements of alpha and beta particle
backgrounds are measured. The sample deposit on the filter is transported
to the detector where all counts are vregistered for two minutes,

Accuracy. Not avallable,
Advantages

Useable over a wide range of ambilent temperatures. Humidity levels do

not affect operation. No warmup time required. Automatic calculatioans of f(:;:
radium levels. No training required for sampling. .t'-A
Limitations
P=riodic maintenance required. é; 2
Cost. $17,000. ou
New Technology/Developments. None, '
RADON TRACK DETECTOR (passive)
Measurement and Analysis. A card of negligible wefght that integrates .:
Sav
! radon exposure. Alpha particles from radon in air penetrate the detector gﬁg&‘
and cause damage tracks. The tracks are chemically etched at the end of Siﬁke
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the exposure lnterval and counted. Average exposure s proportional to the
counte:d] tracks per unit area.

Accuracy. 1-3%.
Advantages

Useable over w<ide range of ambient temperatures and humidities. Good

reproducinility. No calibration required. Simple to use. No naintenance .
hS
v required. Yo tralaing required for sampling.
S
ALY
:ﬁ Cost. S$516-SH66 depending upon lot size and sensitivity required. ,

New Technology/Developments. None.

E; SULPHUR DINXIDE (S0,) ANALYZER (active)

Ei Measurement/Analysis. Contailns a sensing electrode that generates an
"

i! alectris carreat through electrochemical reaction. The analyzer has three
gﬁ Me.4+urig ranges and can provide a continuous sampling rate. Audible and

S% visnal alarms are optional features.

Accuracy. 2% of full scale.

Reruirss three different types of battery (total of 7 units).

A Lt

Cost. S1.7K-$1.9K depending upon model. -

ol ~
- New Technology/Developments. None. G

I.- .\'_‘
E: SULPHIR DIUXIDE (SO,) ANALYZER (active) N
.

s B

-

Measurement and Analysis. The unit contalns an electrochemical cell,

N
»

4 ttitizer, and a separate data reader. 30, diffuses into an

ey
E

clerctroonenical cell that produces a signal proportional to SO, concentra-

tion. The signal 13 digitized and stored.

R

e

LS

Accuracy., Accuracy s *2% of reading + one least significant digit.

2 fl_’l
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Advantages

Uses one long life 9v battery. Useable over wide range of humidityv.
Limitations

Requires maintenance.

Cost. Sl.1-§1.2

New Technology/Developments. Latest model features an LCD display

instead of data logging.

SULPHUR DIOXIDE (SO,) ANALYZER (active)

Measurement and Analysis. The analyzer samples 250 ml/ain continuous-

ly. Sample air is drawn through distilled water. Absorbed sample reacts
with parasosaniline and formaldehyde to form a parasosaniline methyl sul-
furic acid. The intensity of this acid is measured in the yellow spectrun.
Accuracy. Not available.
Advantages
No training required for sampling.
Limitations
Monthly maintenance required.
Cost. $5.7K with optional accessory.

New Technology/Developments. No.
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