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Key Gaps

Difficult to find general
guidelines and examples of
well-designed field test plans

EE——)

No easily-accessible central
repository for field test best
practices knowledge

EE——)

Some researchers lack
specific experience on how to
conduct rigorous whole-home

field tests

——

Impact on Research

There is great variation in quality of
field test plans & experiment design.

There is risk of reinventing wheels.
Putting the “RE” in “RESEARCH.”

Field tests can be slow, costly, and
not as informative as they could be.

Efficient field-test design is crucial to achieving SPEED & SCALE
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Need to create a resource that:

» Organizes, and makes publicly available, knowledge from
Building America’s rich history of high-performance
building field tests

» Uses an easily accessible, dynamic medium so
information can be searched, sorted, assembled, and
updated as needed by users

» Meets program needs in the near term, and serves a
broader community of users in future years
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Field Test Best Practices

A Resource for Practical Residential Building Science

Home About Fleld Test: Start to Finish  Bullding Components & Systems Measurement & Instrumentation Search
Login

Leakage and The Field Test Best Practices site is a collection of best
Infiltration practices and lessons learned from the U.S. Department
Measurement of Energy's (DOE) Building America program.

Lighting Level On this website, you will find detailed guidance on:
Measurement

« Planning for your field test
¢ Conducting a field test

Alr Flow « Choosing, testing, and installing components

Measurement « Selecting equipment and knowing when and how to
Air Flow Measurement use it.
Learn how to measure the alr distribution In a house and what ¥ Duct Pressurization Get started by browsing the topics below.
instruments to use In each case. Testing
Field Test: Start to Building Components & Measurement &
Finish» Systems ) Instrumentation » Related Links

NREL Buildings Research ,
« Why Field Test? + Building UA ¢ Leakage & Infiltration NREL develons enovative
¢ Experiment Design o Walls « Temperature technologles to significantly reduce
o Research Questions ¢ Windows ° Humld-ty energy consumption in buildings.,
e Short Term Tests + Foundations ¢ Fluid Flow National Residential
« Long Term Monitoring « Buffer Spaces o Electrical Energy ;"'d:"q Measures
: ; atabase ,
o Data Acquisition Systems * Heating, Ventilation, and Air * Pressure A centralized resource of residential
o Field Test Safety Conditioning (HVAC) e Weather bullding retrofit measures and
Awareness ¢ Domestic Hot Water (DHW) ¢ Occupancy costs.

¢ Uncertainty Analysis * Lighting o Combustion Analysis

« Human Subjects Research * Photovoltaic (PV) Systems
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3-D Approach to Content Organization
/Field Test Start to\ ﬁuilding Componen@ / Measurement & \

Finish & Systems Instrumentation
 Structuring research » Building UA » Leakage & infiltration
questions « Windows - Temperature
« Experiment design « Foundations « Humidity
. Short vS. long term « Buffer spaces * Fluid flow
field tests : 0 :
_ _ » Heating, Ventilation, * Electrical energy
* Field test execution and Air Conditioning . Pressure
» Data analysis & (HVAC) . Heat flux
uncertainties « Domestic Hot Water . Data acauisition
* Reporting (BL0) s stemsq
requirements - Lighting |
- Examples of test plans | | . photovoltaic (PV) + Weather
& final reports » Occupancy

- A A 4

NATIONAL RENEWABLE ENERGY LABORATORY



WHAT

Field Test Best Practices
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Sample Pages

Thermocouples

A thermocoupie IS comprised of two dissimilar materials (usually metalic wires) bonded together.
The junction between the wires forms 3 mMICrozcopic region where voitage IS Induced between the
wires. As the temperature of the junction changes, the voitage will vary In 3 repeatabie, controlied
manner, and can be measured at the other end of those wires.

For bulding scsen purpasss, T-lype thermocouples, mada of Copper and Constantan with a
ternperatune rangs lrom <200 10 350°C, are always appropeiatin. Shisdded tharmoouple wink is
strongly pealared, 10 hinit noss rom power wires being infarmed ovar the thermocoupla’s micravelt

sgnal.

Accuracy of & thermocoupla depends on the malerial properties, and unifoormity of thoss peopestiss.
It s strongly recommended that sessarchens always poechass Thermocouples and sxisrson wine
with ket uncartainly. The preferrad cxtanson wire will be Lbsdad "Special Limts of Freoe® or
SAE, and typically has a 20.55C acturacy himil. This s hall (e seror rangs: of standaed

e rrodougple wien. SLE wine cost & menimally highsr than standad, bul may requira a shightly
longer lead Leng i purchasing.

Accuracy of 3 thermocoupie measurement dizo depends on the temperature, and thus location, of
any junctions In the zignal wiring. Often, 3 thermocoupie I purchaszed with 3 connector attached
from the factory. That connector creates two additional thermocoupies (one for cach pin/wire),
calied cold junctions. Where poszible, the connector should be located to maintain simiar
temperatures to the data logger to minimize the Impact of this intermediate cold junction on the
measurement.

Sevarad forrs of manulactuned thermooouples ame availabie, for use in Gifsrant apphcations.

Immersion Thermocouples »

Immersed thermocoupies are the preferred method for measuring the temperature of liguld tiow In
3 pipe. They should be mounted In 3 plumding toe where an cibow would normally be used. If there
Iz o convenient spot where an cibow would normally be used, 3 u-shape can be plumbed-in to
aliow the Instalistion of the tee.

Surface-Mount Thermocouples »

Sanfacsmount tharmotouphis ame used when squipment cannot ba panedrated. Maasurng
refigerant temperature & an sxampla of appropiate surfaci-mount thermocoupla usage; thane s
o reasonable medhod for imenersing & thermocoupla in the refrigarant Now path. Surface-mount
[hes o oupies are also wiad 10 measune sobd surfacs lemperalunes.,

Bare Thermocouples »

In buildng apphcations, bara thermocouples are used Tor measurement of ae tamparatures. Whis
thery can ba used for other messurameants, the Dest praction s 10 uwse one of The other [hermodoupie
Lypes (Enmearsion o surface-mountsd thermoouples) foe measurning hquid or sobd temperatures.
Barn thermedoupies ane just that - a solderad o widded junction of Copper and Constantan whera
the sheathing has e stripped or pulisd back from T-lyps tharmooouple wine.

Electrical Energy

I marry Tl Tanln, Ehe whectricad wnsrgy wse OF Dhe Douss as & whoks o & speclic componed s the
focus of e project. In retrofits, the gowl o L0 decriics [he srsrgy wse of The homse [ nsm homes,
Thees o Lypecally an sapsctnd sesrgy wes of The house Bassd on models. For avy propcts snwolvieg
a vl systonn, S a sew Type of heating, ventiaton, and s cond@ioning (MYAC) sgupment o
Bghtng systeen, mssasarning D s gy use of hat systom wlons ane of inturest. As new homes
Become more sflicent, plog loads Mor TWs and computins becoms 2 beger paet of the heme's
wleningad usage and so thass ders may tssd 10 be montonsd sepaately as well. Regarndisss of the
et of the Taldd ot sdetracad snsv gy wil Wisdy be msasursd for som past poss.

On this page you will find:
o Safety o Flactrad Pansd Work
« Current Transtormer
» Calibrated Resestor [/ Shant for Direct Curreet (DC) Measuraments

+ Blectrical Energy Use of an Applance ¢n 2 Dedicated Orcuit
» Flactrical Frergy Use of bndividual Fod Uses
« Whole-House Blectrical Energy Use

* Portalie Mg Watl-Houw Metors for Measuning Bectocal Ensegy Use of an Appliass at the
Outlet

Safely in Electrical Panel Work »
Working on 2 high voltage system is extremely hazardous. Work Insioe of 3 orout bresker pangd
(suth 3z hardware Instaliation and wiring) must be done Dy 3 qualified electrician.

Current Transformer»

Currsedt ransformers (CT5) allow meascrsment of currant Now without inlserupting the crost of
interwesl. Thiey arn commonty weed in buldngs Nield Teslong whers irsseling a0 ammelee o series
with the Grost o impractical. A CT that messuris dtsrnating current (AC) & made of & terodal (o
wniar ) Imagretic core with @ egth of wos wrapped arosend tha tones (o Torm « secondery windesg,
When & Current-carryng conduton o pesssd thraogh he CT ring along ds oyfrdrical axs

el i fdd s inducsd i the CT core, whsch in Turn indudss 4 Gurrsnl i The sscondary codl that =
proportional 4 the cusrent lhuuy'v 1P ringg.

Calibrated Resistor / Shunt for Direct Current (DC) Mecasurements »

A calibratod resostor (wso called o shunt) can b wsed 10 mssssurs desct

cursent (DC) wth hgh pracision. The curmnt of interest s passed theough ‘
w remantonr OF known resadancs, £, «nd the vollage drop Vs messured

acrons Lhe ressloe. Pue Oheet's Law, I=V/R. Theos Lypes O mesursrments

enary Do reguecsd when invesligeling the sosrgy wee characisrsios of 2 DC

COMPOnent withen a systsm. For saampie, you (ould use & sunt 1o

rrwesiire how much possr the fen o drawng nsde of o fumrmacs.
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Photos, Tables, & Diagrams

Measurement method Can be used for data | Approx labor cost  Approx equipm ent

acquisition? @ $100/hr cost
Turtine flow meter Yes 200 200
Pumped reservor Yes 150 501 100
Magnetc flow meter Yes 20 800% 4 000
Ultrasonsc flow meter Yes k) 1.400 10 8.000
Utiity-type water meler (no pulse output) No 200 6010 100
Utidity type water meter (with pulise cutput) Yes 200 140 10 300
Tipping buciat Yes 20 400
Rotamaeter No 0 200 1o 500

" IR Thermograph showing studs and drywall
screws in an exterior wall

Best Practice!
i

DO instal like this

Do NOT install ke this

Instaliation where an clbow would normally be used.

NATIONAL
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Anyone can view site and search for content

You need to register and receive log-in
credentials to contribute new content, edit
existing content, or participate in the user

forum

NATIONAL RENEWABLE ENERGY LABORATORY
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Brand New: Facilitated Forum

* Allows informal discussion & tips exchange between

members

» Can talk about direct experience with specific
equipment

* Post photos, pdfs, links to other information

New pinls NO New posls
>
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