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13.0 Cualculation of Results

13.1 Nomenclature
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.

ng in

of
E1I:\.!mml
DE at ex-
te (1i-
zent
3 cat-
m the
Jutlet
anger
to the
ck
M—Mass 1uw 1avc UL wausi L0 LI (§.5°0 LIAVE=MAVOLAZET UCLUMCLALULT UL LUG appli-
min) ance and water at start of the test
Tlaye — (T1 + T2)/2 at the start of the test, °F Eq.1
TF;[\'g‘
ana water at the end ol the test
TFuvg — (T1 + T2)/2 at the end of the test, °F Eq.2
1 load
MC— nds
4 )f the
deter-
W—W isture
pc
MCave =[[ Z Wix MCi] + [ Wepx MCyp 1] + Wiel, %0 Eq.3
Qin = (Wret/(1+(MC/100))) x HHV, BTU Eq. 4
Qintiy = (Wra/(1+(MC/100))) x LHV, BTU Eq. 5
13.5 . . each
1 heat

13.5.1 Determine heat output as:
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Pt. 6(

Qm.rr = [Z (Cpa' . A?: ¢ MI . ta’)_]-l- (IVfqu ¢ CSM'I + Cpﬁ qu'amr) . (TFarg - T‘rm'g)

,BTU Eq. 6
NoT ity of
ramet
M; =Vs - gj, Ib/min Eq. 7

%= (62.56 + (-.0003413 x T3;) + ( -.00006225 x T3{?)) 0.1337, Ibs/gal  Eq. 8

Cp=10014 +( - 000003485 x T3:) Ritn/]b, °F Eq. 9
Cateel =

Cpa = 1.0014 + (-.000003485 X (Tlayg +TF4.)/2), Btu/lb-°F Eq. 10
Vi = (Vi—Via1)/(ti-ti-1), gal/min Eq. 11

Not 18!
end o

Heat Output Rate = Qu/@, BTU/hr Eq. 12
1

Eewi = Er/(Qoux 0.001055), g/MJ Eq. 13
Ebnu 81U ouput = (E1/453.59)/(Qoupur x 10°%), 1b/mmBtu Out Eq. 14
Eexe = Ev/(Wra/(1+MC/100)), g/dry kg Eq, 15
Egnr = E1/Q, g/hr Eq. 16

13.5 .
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Neel = (Qou/Qin) X 100, %o
MNaet Lav = (Qou/QinLv) x 100, %

13.5.

lowin

Where
ever,

Weighted average delivered efficiency: May, = = Nix Fi, %
Weighted average emissions: E,,, = 2E; x Fi, %

13.7

NOurs IMLervals pelng Lyplcal, Hatlng unic's 1dvig  valculatlons:

Qouteshe = XT+ { (8-Y1)x [(X2-X1)/(Y2-Y1)]}, %

Nave-8hr = Ndelt T { (8=Y1 )X [ (Maet2 =Mt )/ (Y2-Y1) ]}, %

Where:

Yi="

Y2="

Xl=: ween ==
X2=1
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Continued
[Category Actual Load Duration ndel]

the ne (Btu/Hr) (Hr) (%)

Xl=14
Vi=r

3 50,000 6.4 80.1

Yo and

10urs,
Lidr=" Yo and
MNae1z =
de 6,000)/
13.7.2.4 HExample:
(6.4—

e car-
1 150 y cal-
2 26,0uw 1 B.4 1 /2.0 CLLIALE WS

COyimin = Qua - CO; - 3.30x107 Eq.23

g the
large.
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ed ef-
ghted
emis-
deliv-

heat,
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+ each
aver-

must
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15.0 Precision and Bias
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no material having an accepted reference
value is available.

meth

15.2
he pre
Methe

Table 1A. Data Summary Part A

Q whel Mcave Om Qnut
Load % Test Wood
Category | Run No | Capacity |Target Load | Actual Load | Act Load | Duration Wood Wt Moisture Heat Input | Heat Qutput
BTUMr BTUMr | % of max hrs Ib % DB BTU BTU
< 15% of
I max
16-24%
Il of max
25-50%
i of max
Max
1\ capacity
Table 1B. Data Summary Part B
T2 Min Er E E Egﬂu Eg"lg Naet Neim
Load % | Min Retum Total PM PM Output | PM Output Delivered | Stack Loss
Category | Run No | Capacity | Water Temp. | Emissions Based Based PM Rate |PM Factor| Efficiency | Efficiency
°F g byyerucs | M ghr | gkg % %
< 15% of
1 max
16-24%
I of max
| 25-50%
[} of max
Max
v capacity
Table 1C: Hangtag Information (optional)
MANUFACTURER:
MODEL NUMBER:
MAXIMUM OUTPUT RATING: Qmax BTU/HR
ANNUAL EFFICIENCY RATING: Na\g (Using higher heating value)
PARTICLE EMISSIONS: Eavg GRAMS/HR (average)
LBS/MILLION BTU OUTPUT
CARBON MONOXIDE: | COg/MIN GRAMS/MINUTE
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‘I'able 2. Annual Weighting

Weighting

Category Factor (F,) NeliX Fi | EganiX Fi | Egiix F Eimmbu oui X Fi EgneiX F;
I 0.437
11 0.238
111 0.275
vV 0.050
Totals 1.000
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Figure 1. Typical Test Fuel Piece

Test Fuel Spacer Configuration

4 x4 0ak

Typical Test Fuel Charge Configurations

»+ Third and Subsequent Layers ( singée piece Test Fuel Units only |
SemMLm(Teﬁﬁnduuswameoesaﬂmdj

Al
%I/é i

if less than Four Layers, then only Top Layer is required to be
singhe piece Test Fuel Units

S’/,e
’,?m

] 1
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8 Btw/

run i soltng
Tabe; it ex-
the t
egory
W t fuel
urems
C0—t lons (liters).
seriod
od in
: used
reent.
= » cat-
E—S
g1
E—S ;n the
si it
JLY ad
mters
r op-
+ bot-
Ll
o1 liance
Eom—
Tl = (TS + T6)/2 at the start of the test, °F. Eq. 1

TF...,—Average temperature of the appliance
and water at the end of the test.
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Pt. &(

TFag = (15 +1T6)/2 at the end of the test, “F.

v -
system at the start of the test.

TISu, — (TIS, + TIS;)/2 at the end of the test. Eq.3
TFS..,—Average temperature of the storage
system at the end of the test.
TFSug — (TES) + TFS2)/2. Eq. 4
sepa-
. test.
o—ue egory
Olnitial—
sy ounds
e
Ohoiler
he
Vi P sam s wase s apass s wwe sees e
boileed bitrary time during the test run in
mpty
stor-
deter-
W rel- :cord-
st 1 the
wl'm:l-
ar
re
wi
EN the test:
W.v,,e;nm-..m; = (Werntotmitiat— Weonte) + Vinitortbontor * (@ ruisint - Ghoitioribomtor) Eq. 5
Watel USLSILY, U, 1D UGAIUUWIALEU UdLILE Iujua- isture

tion 12.
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1-PTS

MC = >_. WSH('(!W{?I i~ M(t..\'fir(’ i EC] 6
Y Wticewer_i
Qin = (Wre/(1+(MC/100))) x HHV, Btu (MJ). Eq. 7
Qin ity = (Wre/(1+(MC/100))) x LHV, Btu (MJ). Eq. 8
13.5. cham-
and I
Q]n[’urrccwd = Qin - WR«mm'm'ug <1 2.,500 & Eq. 9

stored in the appliance + Ohangeuin heat in

13.6.1 Determine heat output as:
storage tank.

QOIH = E[C};{ AT M; - .tJ + (Wnpp " Coeet + Water* Cﬂn‘) ' (TFm'g - T-lm'g)
+ (WS.'::ragé'Tw:k . C.\'!erf + Wi’l’af('r.‘i?omgt' . QI{J) ’ (TF Sm-g - TI Sm-g) Btu (MJ) Eq 10

NoTE: The subscript (i) indicates the pa- t;.M; = Mass flow rate = gal/min x density of
rameter value for sampling time interval water (1b/gal) = lb/min.

M;=Vy - oi, Ib/min. Eq. 11
o =(62.56+(-.0003413 x T3;) +(-.00006225 x T3i2 )) 0.1337, Ib/gal. Eq. 12
Cp=1.0014 + ( -.000003485 x T3;) Btu/lb, -°F. Eq. 13
Caeer =

Cpa = 1.0014 + (-.000003485 X (Tl +TFyg)/2), Btu/lb, °F. Eq. 14

Vi = (Vi =Via)/(ti-ti.), gal/min. Eq. 15

Not total-
end O: suvusvens 1 e vy 19 uLL VUG YWeruLL

Over

volume at the beginning of the time interval.
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Heat Output Rate = Qq/®, Btu/hr (MJ/hr).

Egan = Er/(Qou x 0.001055), g/MJ.

Exa 5w output = (E1/453.59)/(Qou x 10°®), It/ mmBtu out.
Eyie = Er/(Wiae/(1+MC/100)), g/dry kg.

Egne= Er/(O1+ Oyt O3+ ©y), g/hr.

@)4: (Wi'mmge?"au}( ) C.ﬂee! + Wli’a.rerﬁmmgz : Cprr) : (TFSmg - TISm'g)/(Qm.rr /9)

If t
egory
Ei—

Ex ke = Dot Wina—2001 T NIWLUUY), BIULY KE.

Ndel = (an"’ an(‘.um:clcd) X 1005 Y.

Ndel LHY = (Qou/Qin Luv) x 100, %.

12 R

therrr
the d:
the ¢

than 2 percentage points lower than the

OO = O OO0 -3 30107
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Weighted average delivered efficiency: nae = Z 0 X Fi, %.

Weighted average emissions: E,, =X E; x Fj, %
TF a

LDV L AUT ad LUNTAaIUWL U 11 WauGEULY L,

be assigned also to Category II and III

1e purpose of determining the annual
avelrages.
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test

and t

years.

613
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value is available.
16.0 Keywords
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ng hydronic heater emissions because
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‘Table 1A, Data Summary rart A

C] Wiel Mczw: Qin Qnm
Wood
Run | Load% |Target|Actuall Actual | Test Weight | Wood Heat | Heat
Category | No Capacity | Load | Load | Load |Duration| as-fired |Moisture | Input |Output
Btu/hr Btw/ | Btw/ | % of
hr hr max hrs Ib %DB Btu Btu
< 15% of
I max
16-24% of
I max
25-50% of
m max
Max
v capacity
Table 1B. Data Summary Part B
T2
Min Ey E E Epne | Egig Ndel Hspim
Min Stack
Return PM PM
Run | Load % | Water | Total PM | Output | Output | PM | PM | Delivered| Loss
(Category | No | Capacity | Temp. |Emissions| Based Based | Rate |Factor | Efficiency|Efficiency
Ib/mm
°F g BtuOut | gMI | g/hr | gkg % %
1 < 15% of
max
11 16-24%
of max
111 25-50%
of max
I\Y Max
capacity
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Pt. &(

‘Table 1C. Data Summary Part U

o, o, o, o, Co, (o COy
Steady Startup Steady
Run | Load% | Startup | State End CcOo State CO | End CO |Total CO
Category | No | Capacity | Time. | Time | Time issi issi issi emission
min min min g g g g
1 < 15% of
max
1t 16-24% of
max
11 25-50% of
max
v Max
capacity
Table 1D. Data Summary Part D
E, E: E: E\_gke Ez gng Es_yxg
Steady
Startup | state PM
PM emission End PM
Run Load % | Startup | Steady emission emission
Category | No Capacity PM State PM | End PM index index index
g g g g'kg fuel o/kg fuel o'kg fuel
1 < 15% of
max
1 16-24% of
max
i 25-50% of
max
v Max
capacity
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Table 1E: Label Summary Information

MANUFACTURER:

MODEL NUMBER:

ANNUAL EFFICIENCY RATING: Navg (Using higher heating value)
PARTICLE EMISSIONS: Eave grams/hr (Average)
Ibs/mmBtu/hr Output
Table 2. Annual Weighting
Category :;Zigol:t(lgi NetiX Fi | Egnnix Fi | Epugix F Ebmmb oui X Fi Egnix F;
I 0.437
Il 0.238
111 0.275
v 0.050
Totals 1.000
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Figure 1. Schematic of Equipment Test Setup

&
Note:
Tustrated appliance puonp location
and flow path through the appliance Pre and Post. Test
are generic and may vary based on Q Dﬁﬂ'aﬁfiraﬁul P'm )
the unit being tested. T . ™
Water
Storage
Tank X|
Optional
1 Destratification Expansion
'\\Plun[ln 1_@ Tank
'.\\ J—
\\
\
@

N\
| Scale i " Recirenlation | Retwrn Temperatre
GW 2132003

Control if Included with Product
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Figure Z. Schematic of l'est Equipment Set-up

h. 29

Flowmeter
{Optional)

Expansion Tank,
If Needed
Flowmeter Flow Control
@ Valve
T pulbLLLLLE —4— —D'hi
Destratification r’ l : .'T'FI}I(I Thermapile
Pump . nannnni Di
i Retum Water ik — iverter Valve
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_ | [
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= |
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Note: Illustrated appliance pump location and flow path through the appliance.
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