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OBJECTIVES

= T define some potential metrics that can
e used to evaluate air distribution

= But, first we need to leok at implied metrics for
acceptable Indoor Air Quality.

= Suggest some approaches to evaluate
MEetrcs
= Simulation
= Experiment




Max’'s Metric Mantra:

Metrics must be
meaningful and
measurable




Pre-Metric: Acceptable IAQ

" Frames discussion of metrics

= \Won't discuss this guantitatively, but
operationally 1t should
= | imit damage
= Caused by contaminants of concern

= Jlorwhich people are exposed ever seme time
PEerioad




Types of “DAMAGE”

= Comfort
= Unpleasant Odors, lmitation (covered by 62.2)
= Acoustics, lighting, thermal, etc. (not covered)

= [Health
= Reduced physiolegical fiinctioning
= [issue damage
= |ncreased susceptibility to disease




Contaminants of Concern

= Compounds and specifics: Bjarne

= \Whole-house ventilation looks at what?
= Acute Mortality/Morbidity: No
= E g. we don't contrel phosgene with 62.2

= Reduction In life-expectancy: Yes
= E.g. carcinegenesis, mutagenesis, toxic loads

= Reduction i guality: efi life: Yes
= E.g. heurs off discomiort, miner disease etc.




Timed Exposure

= Delay In absorption of contaminant
= |mportant for short-term exposure

= Body can repair/adapt sometimes; e.g.
= 10 ppmi CO for 400 hours: small impact
= 400 ppm CO for 10 hours: death

= BUt not ethers; e.a.

= |reparable tissue damage
= RISk Increases dunng exposure




Damage Equation: E

= | inear (n=1) for many cumulative risks
= Most cancer, metals, stable (e.g. DDT)

" n=3 for Chlorine

= Typical of exidants, poisens

= >>1 represents a thresholad
= [Ime above thresholdiis important

= |l Inear approximation goeod i little varation




IAQ METRICS

= Peak concentration of contaminant
= Good for highiexposure levels/acute effects
= Good for threshold-dominated contaminants
= Focus on short-term dose

= Average concentration (e.g. linearized)
= Good for cumulative expesures
= Good for steady exposures anove thresholds
= Focus onlong-term  dose




Average Concentration It IS

= Highly variable emission rates
= Not well controlled by continuous ventilation
= Need source controll (e.g. exhaust ventilation)

" Contaminants of concern

= \Must be above thresholds to be “of concern’

= Are the ones we expect te contrel with whole-
ouse ventilation

= Vietrc Is then leng-term average
concentration: DOSE




How' Do We Get Concentration

= Depends on

= Sources & Sinks

= \/olumes

= \/entilation & air transport
= | inked by Continuity Equation
= Need to proceed generically,

= No pollutant specifics (I.e. a tracer gas)
= |gnore SpPecies-sSpeciiic Interactions




CONTINUITY EQUATION

= | ocally Covariant Derivation

= Good everywhere Jlu . a'uCr — AT

= Even near black holes

m Steady state, single zone expression:
= S=emission rate (e.g. cfim)

= Q= ventilation| (e.q. ciim) CO = SO /QO




Getting Back tor Distripution

= Air distribution: Is enly relevant when it IS
not a single well-mixed zone.
= Can't get teo crazy. (e.g. CED)
= Need to relate It to the simple result

= \\/e use a multizene continuity: eguation
= But we can assume the zoenes are well mixed
= Need matrx fermulation ol continuity: eguation




MATRIX EQUATION

= | ocal Zonal Description
= Matrix of flows @_I_
= |ndependent sources V ’ Q ) 9 N

= Zonhal concentrations

= Psuedoe-Steady State

= atrix inverse C =" -1 S
= Represents averages R Q e




MATRIX NOTATION

For N zones: N roews & N columns
Sum; of all entries gives single zone value
Diagonal element Is total for zone

Off-diagonal elements of @ matrix are (negative

of)) flew: hetween zenes
= Ask about Volume matrix Iff you dare

Qo = ZQij




Dose Is our |[AQ Metric

= A person: can only be in one zone at a time
= S0, wWe define an activity variable.

= Source strength may: vary: zonally.
= S0, We define a seurce fraction for each zone

= Distripution Inmpacts are relative
" S0, We define a relative dose V. perfect mixing




How: Should We Use Metric

1. Evaluate Metric for distribution System; of
Interest

2. Evaluate Metric for distribution in
ieference case (e.g. 62.2 default)

3. Adjust total rate by ratio to increase. or
decrease depending on system

= Could be tabulated ke n 62.1




DOSE

d is dose d —

S IS fractional seurce strength
a Is fractional time Spent In each zone

DI s Distribution Matrix D i Q Q—l
— X




DISTRIBUTION MATRIX

= Couples emission in one zone to exposure
In allfether zones; e.g.

= Allfentries the same (1) for fully mixed
= Matrix diagonal for Isolated zones

= ndependent of SOUrCEsS, activities, ete

= S0, We could hase final metric on it
= [ffwe define activity/seurce distrbution




3-Zone Example (PET data)

= Q Matrix=> 653 -291 0
= m2/hr
" Q=726 m3/hr

-130 448

-1 -27

" D Matrix =>
= Dimensionless
= D =9.54




Metric Cholces

= Need to determine how to use the
Distribution Matrix in a way that dees not
depend on knewing activity/Sources.

= \\What Is appropriate for a standand?
= Best case?
= \Worst case?

= Jiypical case?
= \\/lat IS that??




Extreme: Metrics

" The best and worst cases of the metric will
pe when the contaminant of concern IS
emitted in a single zone

= \\orst case: Highest value in matrix; e.d.
SOMEeone generates contaminants and
iVes In same zone: 2.63 In example

= Pest case: lowest value: e.g. live in most
ISolated room: 0,11 Infexample




Distributed Distribution

= Assume sources are fully dispersed and
activity is spread between all zones

d=D, /N’

= 0=1.06 In example

= ['ends toward perfect mixing result because
off source distribution and activity patierns




Inactivity’ Patterns

= Suppose sources were distributed but
someone spent all thelr time In the worst
Zone

= Relative dose would then be from the row
oft Distribution Matrix with highest sum.

= Erem example
x 0.95), 1.26, 0.96
n RIVIS mean=1.0¥7




Deviation from Perfection

= Suppoese we have no clue on activity.
patterns or source distributions

= \W/e can measure the “distance” from
perfect mixing using RMS deviation

1 2
d =1+ = \/;(Dij—l)

= g=1.80 for example case




Which Metrc Option?

= Eully distributed sources & activities (1.06)
= Air distribution effect will be minimal

= \\orst zone; distributed sources (1.26)
= |s reasonable? (RMS=1.07)

= Clueless: (1.80)
= Rebust, but semi-empirical; consenvative

= \\erst case: (2.63)
= Appropriate fer minimun standard?




METRICS ARE WORTHLESS

Unless you can measure them, of course

= Direct Field Measurement
= Measure response in real configuration
= Can really only be dene with tracer gas

" Simulation

= iere practical; allows parametrics

= But must be believable
" See “Direct Field Measurement™ above




HOW TO MAKE THE
MEAUSURMENTS

TThe diagnostics necessary. to
measured air distribution| effects




TWO TRACER APPROACHES

= Simplified for the Metric of Choice; e.g.
= |nject tracer In reference source pattern
= Sample in reference activity: pattern

" Complete Characterization
= easure all flows to/from zones

= Can be used te compare metrcs
= Anadlderive simplified approach

= Can be used te verily simulations




TRACER CONTINUITY

= Same Continuity equation, but
= this time we know concentrations
= and are leoking to determine the flows

= Unfortunately, nodirect solution
= N2 unknowns, but only: N equations
= Need to get more infermation

V.G4Q-C=8




THREE APPROACHES

= Time Series in Non-steady State

= Fit time series data ever changing conditions
(e.g. decay) to solve differential eguation

m Series (Single-Tracer) Steady-state Tests
= N tests are done one at a time

5 Simultaneous Multi-Tracer liests

= Use N tracer gases to run simultaneous tests
(e.g. Inject one In each zone)




TIME SERIES
Eit data to=> C (t) ZC e J't

To find eigenvalues

“A’s are relevant air change rates
= Niofithe them; C; are their eigenvectors

= Slowest Isiwhoele-bullding air change rate
= Quickest determines Uncertainty:

This appreach never works inireal bulldings
= Mixing ISSuUes ehscure vital information




MIXING KILLS

= | all real experiments mixing will obscure
short-term infermation With noise

" Don’t differentiate---INTEGRATE

= Even in single-zone situations, fitting
decay data Is Inferor to integrating under
the curve
= | multizene situations; It IS much Worse
= Alternative approaches ane necded




MULTIPLE EXPERIMENTS

= Do N different experiments & integrate/average

= |pnject In N Independent ways
= E.g.In 1 zone different zone each experiment

= Add to Matrix equation
= Can be inverted now.

V-C&FQ-9=§




SERIES OR PARALLEL

= Series Option
= Can be done with one tracer gas
= \/ery sensitive to.changes in air flows

= Parallel (MultiTracer) Option
= Can accurately find average flow

= Jfakes less time
= [ BlL's MIIVIS Uses) this approach




MULTI-TRACER GAS MONITORING SYSTEM
Sampling

Sampling

Outside
Exhaust

Valves

Mass Flow Controllers

Residual Gas Analyzer

P Gas tanks

(0) )<=
S’/ Turbomolecular Data Acquisition To Zone

um Temperatures
Pump RGA Interface Computer
=|111 I

Oil trap Outside PC Computer

tower

Gas lines are in red, electrical lines are black




WHAT TO DO NOW?2

= Some discussion on options for Metrics

= Vleasurement ofi possible metrics in real
puildings for various real systems

= | BIL & BSC planning on deing so: this year

= Simulate wider variety: of options
= Significant differences hetween systems?22 2?2
= Ejeld diagnestics even needed?2?2?

= |mplement in 62.2 as approprate




DISCUSSION




