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Stove Efficiency Testing

« Water boiling test

o Effective calorific value
of the fuel varies with
moisture content (MC)

_ LHV —m=*(80+*4.186 + 2260)
M

eff
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Wood Moisture Content - Defined

 The amount of water

moisture present (mass, ., ) (mass,, )
» Expressed as a m= *100

mass, .
percentage
e Wet or dry basis

(maSSwet )_ (massdry )
massdry
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Methods of Determining MC

 Oven-dry (ASTM
D4442)

« Capacitance methods
* Resistance methods

http://www.extechstore.com/Productimages/407777.jpg
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Oven-dry Method - Limitations

* \Weighing a sample before and after drying
 Directly calculates MC

 Destructive test

 Impractical for field use

e Can require more than 24 hours
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* Most are expensive
($300)

e Display MC directly
(for a specific species)
 MC for other species by

using a conversion table

 Most do not include
temperature
compensation

http://www.extechstore.com/Productimages/407777.jpg
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Resistance MC Meters — How they work

Wood Biology

e Bound / free water

 Stored in cell wall or
cell cavities (lumens)

 Fiber saturation point

(fsp)

« Absorption / desorption
* Relative humidity
e Governs swelling /

shrinking
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Resistance MC Meters — How they work

 Electrical resistance varies consistently below the
FSP

 Electrical resistance iIs temperature and species
dependant

e Good regression models (R2>0.9)

log(log(R+1) =axu+Db

g - 0.00147T (In(20) + In(exp(au ., IN(10) + bIn(10)) +1) —1.075In(10))
o In(10)(0.000158T + 0.0262)
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Moastare contest (pef)

Species of moed 1 B 4 I 11 12 13 14 1= e 17 IS 19 I =1 IX I3 M4 IS
Fleastance (K1)

Conifers
Baldoypoes: 12800 3980 1,410 A3 265 M0 50 i3 1846 112 71 46 309 178 128 091 068 051 042
Dipuglas-fiz (ceast region) 22400 4780 1,650 630 265 120 &0 13 188 112 7.1 44 302 214 151 110 ) &0 46
Fir, Californiz red 31600 6,760 2,000 725 315 150 83 45 288 182 118 TH& 501 331 220 158 115 i) i
Fir. white 57,500 15850 s 1,110 415 180 B3 45 269 168 110 g8 <447 302 214 135 112 BS 51
Hemlock, saszern 120000 30000 4300 1300 450 200 100 450 250 140 28 340 330 230 1450 110 .73 57
Hemlock, western 11800 5620 2040 250 &0 185 a8 51 282 162 100 60 380 251 158 1035 T2 51 37
Larch, western 39200 11200 3930 1,845 360 250 e 3 339 199 123 TE& 3402 339 29 1482 120 ET &
Pine, jack 450000 52,000 9500 2300 1000 440 2310 110 &00 3250 210 130 8580 580 380 280 120 130 o
Pine, longleal 25,000 5700 3,160 13X 575 M 135 4 417 40 144 0 576 37} 246 165 115 78 (1]
Pina, rad 700,000 100000 17000 4300 1300 470 210 oo 520 280 160 0 S20 440 220 190 130 L &7
Pine, whizz 20,000 5620 2090 250 405 200 102 58 331 199 123 TH 501 331 219 131 105 ! L)
Pine, ponderosa 2 B00 B.910 3310 1410 S5 00 150 Bl 427 151 148 D1 5482 355 234 162 115 BT a0
Pme, shomtleaf 43800 11,750 3720 1330 80 255 130 5% 389 224 138 57 376 380 63 1E2 120 a3 (:1]
Plze. sugar 22,900 5230 1,660 fd5 280 140 78 = 157 1389 100 64 £36 302 200 148 1.05 s bl
Redwood 12 400 4,880 1,550 al5 250 100 45 22 1248 7.2 47 32 230 174 132 14035 i5 Tl 50
Spowce, black 700,000 90,000 L6000 2300 1400 580 250 120 &80 380 230 140 940 630 430 300 210 140 1.00
Spruce, Sitka 22400 3,500 2,140 550 3E5 165 B3 4 231 155 98 453 427 302 214 138 117 Fl 7l
Hardwoeds
Aszh, black 14.000 2300 00 200 55 = 20 10 6.0 34 21 13 ag &0 AT 3z a5 20 17
Ash, whiss 12,000 2180 G20 250 108 5 - 1= 23 20 32 20 1.32 ED ) 500 44 40 A0
Aspen. bistooth 300000 24000 4000 1,100 361 150 80 30 160 BS S50 L1 200 1.30 EE Bl A3 ! ]
Bazzwood 36,300 i 180 i5 4= 27 14 Q.8 6.2 41 28 185 1532 a3 4 51 34 k}|
Birck' 27000 1,780 470 200 a5 33 302 182 113 748 313 335 231 178 152 a5 M
Birckh, paper 200 000 20 530 230 110 37 300 17.0 100 50 400 230 L70 1.10 A1 ] 43
Elm, Americzn 18,200 110 45 0 12 7 39 213 1.5 1.0 [l MAE 41 40 A0 40 a0
Hickory, . 340 1% 50 21 11 g3 17 i3 1.5 1.00 mn 51 44 Al 4 .
Ehaya' 44600 16200 6310 2750 1260 630 3440 180 1050 602 355 219 1410 233 #£16 417 282 109 1<
Magnalia® 431,700 12600 5.010 I.0<0 10 435 205 105 582 205 162 21 325 309 185 1.17 74 50 ]
Mahogany [Swiefenia) 10200 6780 LI 87 %A1 180 B3 43 IX2&£ 123 T2 <4 1489 lgs 107 T2 e JEE ]
Maple, sugar TILA0D  13BOD 3160 §890 250 103 53 X 188 102 68 25 316 2234 152 123 og k] ]
Cak, northerm red’ 14,400 4,790 1,380 f30 165 125 63 32 182 113 73 46 302 209 143 95 B0 A3 ]
Cizk, white 17,400 3550 L1030 415 170 20 42 2R 12 T2 43 27 1.7 115 g A0 = A= 41
Philippine mahogamy

{Bhorea Spp.) 2,800 (i} 220 g0 35 15 o 5 18 1.7 1.1 7 A5 30 e | B A3 0 a7
Smeetzmm XB.000 §.440 2,090 EIS 5 150 51 45 257 151 093 50 308 263 L1TE 1.24 BT A3 A5
Tupslo, black® 31.700 12600 3020 1,820 5 7% 120 58 276 130 469 37 219 138 s 3 Af 33 A5
Walznt, black 51,300 2770 2830 2eq 355 155 78 41 12+ 128 T3 49 3148 214 148 102 a2 51 3B
Yedlow-poplar 24000 8.330 3170 1,243 515 150 140 76 437 I52 145 87 576 381 244 121 139 1.10 ES

Fasistancs measemed m msagebrs at BD "F befwvasm tane peirs of peadle slecoodss spaced 1-1/4 t=ches apast and dmsen to 2 depth of 5716 inch. The meciprocals of thase dala
o comductincs D oI SIGOIGOS.

Exact spacies QDD

‘Emmoromn 1= the ==ds ax “African sashegany. ™ James, 1988

“The waluss for this speciss were calenlated from measuressents o TEOEL.
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Resistance Measurement Techniques

 Differ only from a standard ohmmeter by the large
resistance values (700,000 M Ohms)

 Voltage divider circuit and high impedance
voltmeter (expensive)

~~Rwood Vab =V x i
N VvV R+ wood

= - Al

—

> V
<f::/ p R — R X e
- ~ o Reo=Rr{g)

)
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Buffer Op-amp Solution

* An inexpensive, high impedance op-amp can be
added to the circuit, allowing the use of a standard
digital multi-meter

v Rwood |, Amp
il A
L1 +
— R
n n B‘
N
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Testing Results

e Performed well
 Signs of degradationat 1 T Ohm

I:\>-m/ood
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5,000
5,000
5,000
5,000
5,000
5,000

5,000

1%
1%
1%
1%
1%
1%

1%

10.06
10.06
10.06
10.06
10.06
10.06

10.02

Experimental Data

vab | Vab MinV MaxV s:slclsutlz:\ii

meas.)  (theo. -tol +tol

(meas.) ( ) (-tol) | (+tol) (M Ohm)
5.02 5.03 4.98 5.08 5,020
250/ 2.52 2.48 2.55 15,120
1.68 1.68 1.65 1.70 24,940
1.26  1.26 1.24 1.28 34,921
1.12 1.12 1.10 1.14 39,911
1.01 1.01 0.99 1.02 44,802
0.07 0.05 0.04 0.06 710,714
2007 ETHOS Conference

% Error

0.40%
0.80%
0.24%
0.23%
0.22%
0.44%

28.93%

Max %

N
Error otes

2.01%

1.88%

1.94%

1.61%

1.82%

1.80%
Op-amp

24.75% performance

degrading
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Other Factors — Measurement Location

e MC constantly
changing - RH
constantly changing

e Average MC at 1/3W,
1/3L, 1/3H

e Insulated electrode
shafts required
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Other Factors

 Direction — negligible
(with the grain)

e Heartwood vs. sapwood
— minimal effect

» Electrode size -
negligible (nail size)

» Electrode spacing —
negligible (1.25)

http://Amww.nrru.ac.th/web/ancient/wood/images/wood05.jpg
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Species Characterization

 United States and European species-
resistance values are well known

« Central and South American species-
resistance values are not well known

» Characterized by correlating a resistance
with a MC

January, 2007 2007 ETHOS Conference




Engineers in Technical, Humanitarian Opportunities of Service-learning
University of Dayton ¢« School of Engineening

Equilibrium Moisture Content (EMC)

o Samples should be at
EMC

 MC at which neither
absorption / desorption
occurs

e Temperature and RH R
dependant

 MC depends on

direction (absorption /
desorption)

http://en.wikipedia.org/wiki/Image:Hysteresiscurve.png

)
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Sample Conditioning

* \WWood samples conditioned according to
ASTM D4933

» Use water-acid or saturated salt agueous
solutions to maintain constant RH

« Endpoint determined by constant mass

-
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Testing Procedure

« Condition samples from the same direction
(all undergoing absorption or desorption)

* Measure resistance value parallel to the grain

 Calculate MC based on oven-dry method
(ASTM D4442)

* Generate regression constants
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Conclusions

« MC significantly affects
stove efficiency calculations

e Most commercial MC
meters are expensive

e Commercial MC meters
require species and
temperature corrections

* Inexpensive method
developed using a standard
multi-meter

o Species testing to be
Implemented in classroom
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