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KEY ELEMENTS FOR DESIGNING
AGRICULTURAL ACTIVITIES

- start small

- include local participation at every stage

- start with knowledge and information from the community
enhanced with technical information

- seek technical information on soil, water, crops and seeds

- inctude training in the basic plan

- consider integration of conflicting land uses (agriculture, fores-
try, livestock) to maximize productivity of the farm system

- consider alternatives to chemical pesticides and fertilizers

- where tree planting is involved plan for maintenance and
harvesting of the trees

- benefit the whole community

- build evaluation into the dynamic of implementing the planned
activities/project

Source: Weber 3.8




LINKAGES BETWEEN AGROFORESTRY, LAND MANAGEMENT,

AND SOIL CONSERVATION

i";;g;?n ¢ AGROFORESTRY FARM/RANGE MANAGEMENT SOIL CONSERVATION
dstainablity '
and . FARM RANGE
Productivity
. . - Alley cropping, line plantaticns : - i i ;
ffgtrze HMR?)LS’W e and éispeir)gedgtrees o provide: | - gg%g’f compost, cover- - Controlled grazing Itrﬁgoslggranng OTganic mager into
* Organic mater - Crop-residue left in fields | Rf)tanonal SIS | - Preparing micro-caichments,
= Shade to reduce surface - Fire Management contour ridges or other micro-site
temperature - Mulch IMprovements.
Soil Fertility | - fI;Ixuat'ljigIlllt cycling and Nitrogen | - lfgg?&lg)ﬂﬁﬂﬂ (including - %Sgnggmimal - Contour vegetation strips
‘gﬂfé’f z';’:fOSiOfl ) mﬁgl'llunoff reduction - Contour farming - Range rotation - Berms, ditches, ridges
ontro :
. sEhitﬁglsimem gf gggls/ - Maintaining soil tilth - "Grazing reserves’ | - Benches or terraces
conservation feamres - Maintaining maximum - Contract grazing - Waterway and gully control
. Lﬁm};g:n canals and pla'nt COVEr linked to Vegetation - Protection of stream banks
rehabilitation or
Wind Erosion | - Wind reduction through: - ! %l;ll‘ltt%i&l;g maximum protection. - Windbreaks
Control » Dispersed Trees - Controlled lopping | . palisades. other phvsi
: ) - al
. - - Natural vegetation strips for fodder isades, other physic
Borderline Trees left when Clearing n ewpl nd freatment in extréme cases
- Minimum till cultivation - Dune stabilization
Access _Li : - Stock driveways left - Herding as opposed , .
Control I:Ee fencing _ _ when laying out fields. to lem:frllgtg amml thals | - Lﬁ'f%‘}:gf{?&ﬁ%gsrg?amn
- Alignment of livestock trails - Borderline Trees roam trecly encelines and livestock trails.
- Tethering or
corraling livestock
Source: Weber and Stoney 3.8
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blade root shape

Fig. R3

blade tip shape
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SPECIAL SURAET — NORSERIES

PLASTIL POTs
ED POTS @ OHLhYRY = G

gagoe™ _Cmal_[ 12 RIS @ BCM/RT = G M
d .

|

D

12 % &5 BNS = G POTS A TREES
6.9 M % O% M - 6,27 ME

> |~ Z.0M TOR. WbdKabY

ONE. BED REGUIRES:
(O + O.2) *(Glod +2.0) 21D S5ME

19,25 MEBED AND  WALLWAY
¥ LB ME 0% WORK AREA AND
"RLLE

14.BME TN AKEA, /BED

ke

— o W e e
— e — ek —

VALK IMASY

O, e\ TR, 3

AUnp REES = (4. D ME=
&5 TREES /M*



TOTAL NUMBER OF TREES
SURFACE AREA ILLUSTRATIVE THAT CAN BE RAISED

REQUIRED DIMENSIONS AS EITHER
2

m m Plastic Pots ~ Open-Rooted
(-10% LOSS OR REJECTS)

SPACE REQUIREMENTS CALCULATION

585 360 (Including walk space and work area)

ON THE BASIS OF : )
2,925 PLASTIC POT STOCK = 65 TREES/m
' OPEN-ROOTED STOCK = 40 TREES/m2

5,850

29,250
58,500
292,500

585,000
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Terme Références

| S

TAUX OD'ABSORPTIVITE (sol) (mes). Rapport entre le
RAYONNEMENT SOLAIRE absorbé& par une surface et le
[—raynnnement golaire total incident.

| A - absorpt anc ¢ —m——e 1
E - coeficiente de absorcién Anglais
I l—Eapagnnl

 Seconde référence

- DéFini ailleurs
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techniques pour la mésure de la chute d'eau



digesteur type chinois
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solaire



systdme de puissance hydraulique



Definido en
Término esta seccidn

referencias
1

I
COEFICIENTE DE | ABSORCION (s0l) (medic). La relacién entre
la RADIACIUN"%ULAR sbsobida por una superficie y la
cantidad total de radiacidén solar que recibe.

rl - absorptance L__—

F - absorptance; coefficient d'absorption

|----Fr'anr:-ésl (el mds aceptado primero)

Inglés
Segunda referencia



pated de trombe - |pvierna

parsd de trombs - vorano
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EXPECTED ENERGY OUTAUT
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22 2% 26 28 30

WIND SPEED (mph.)

20



EXPECTED  PUMP OQUTRUT (AT 60% EFFICIENC
Ghapt Y Pep S0 MEER oF PROTECTED AREA

OF S- ROTOR.

8000 -

|
200 |

|

|
. H= heignt in mefers

cC

& b Dhch water 75

o %7 ¢/ 5/ /);d/ /
5oco '7:4 ///Zu/fé: [osses

are /fnor Z4

“eCO

LA OUTFUT / lifers Fer houvr )

6 8 20 22 24 26 28 30
Wl <FEED /mp/z)



ENERGY INPUT (watts/m?)

50

ENERGY INPUT (watts/m3)

New York University —\

Graph 2

Hackelman & House

16 18 20 22 24 26
WIND SPEED (mph)

28

30



Bend right angles into
red hot steel. Drill
holes to accept 1/2"
bolts wnen the strips
are cool.

Make four Tid/shaft brackets

of the following size from
steel strips. These will attach
1ids of nalf-drums between
rotor stages to the pipe shaft.
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Figure 7. An Eight-Firebox Kiln

Larger kilns can be made just by making the kiln longer and increasing the number of fireboxes. Al fireboxes regardless of length of kiln
shouid be the same size See Figure 5 for recommended dimensions of firebox. The end walls are plastered on the outside with mud to prevent loss
of heat and gases through spaces between the bricks. In the top view, note the stacks of bricks below the top flue holes, These are partially or com-
pletely covered with metal sheet to control the fire. Dimensions are approximate.
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The truss type of structure requires
smaller steel members but needs
extensive fabrication by a local
specialist. Because the needed skills
are not common, ¢truss construction
may not be an available option.
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ONCREETE —FrA7T E&
& e —al= 20 cm slab/3 m spans

- 45 cm slab/9 m spans
A5 2vem s/ak Reinforced steel 90 kg/cu m
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Eigure 5: Concrete Superstructures
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Roadway Surface ~

Concrete Barrel
could be 8" 10 12"
30kg/cu m

Figure 8: Concrete Arch
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Table 1. Classification of Ouwentrators

Tvpe Bun's Tracking | Capabllity of
Typa of of Lena or | Concen— |Tracking| Recelver Temperatur e Typical
Concentrator | Focus | Mirror tration |(yes/no}| tves/no) (*C) 3 Applicationa Commenta
/
Parabalic point | micror > 1000 yYes yed »2638 >3000 | electricity Snall-scale applications
dish two~axins heak
Central point | miczor > 1000 yea no >2638 3000 | electricity Laros—acale applicationa
recejver kwo~axis heat
Lens peint | lens > 1000 yas ves »2638 >3000 | electricity Utilized with photovoltale cells
{round) twoaxle heat
Parabol fc line mirroc 100 yvea na 538 10 | electricley Can be usad for hoth emall and
trough che-axia heat largs aystems
Fixed mirror | line mirror 100 no yes 538 1000 | electricity Can he used for both =mall and
moving focus one—axla _ heat large syetemsiy not economic in
Uv.8. experience
Lens line lans 100 yes ];'EE 33 1000 | electricity Little .5, experience
(llnear) one—axa ) heat
Sphere 1line alcror B0 no ves 53 1000 | electricity Mkward in large size
two—axis
Cylinder line mirror 2 no no 121 250 | heak
Cusp line | mircor | 1.5-2.5 1 mo no 12¢ 250 | heat
Winston line mirror 3I-6 no N 121 250 | heat Concentration decreazes as
acceptance amglae increases
Flat plate ar.ea mircor > 1 no no 121 250 | heat
with hooster bocster ¢ and < 2




Figqre 28. Cross Section Drawing of Once Through Configuration



Figqre 28. Cross Section Drawing of Once Through Configuration
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Figure 29. Bayonet Configuration
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Figure 6.

Plastic Film Cover

VITA Solar Crop Dryer



\ \ Transparent
\ Glass Cover

Sunllght

T~ 7
. . Ventilation Holes
‘ ﬁ. \ Water Vapor

BlaCkEDEdj-. AL

Walls

Insulated Sides® Food to Drying Tray
and Bottom be dried

Figure 7. Brace Research Institute's Hot Box Dryer
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Figure 7. Double-Slope Still

Source: U.S. Agency for International Development,

Fresh Water from the Sun, by Daniel C.

bunham (Washington, D.C., August 1978),
p. 89.
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Figure 6. Histogram Showing Optimum Irrigation Water Costs for

Alternative Pumping Methods to Supply 2 Hectares at a
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Source: Willam Halcrow and Partners, and Intermediate Technology
Power, Ltd., June 1983.
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Pigure 10. Rotor Placed Upwind






SURVEYOR'S LEVEL
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SCALE AND DETAIL OF SCALE



1. Equipment —_—

a. Scale
b. Board and wooden plug 1y
c. Ordinary carpenter's level il

SCALE AND DETAIL OF SCALE

LEVELING B0ARD AND PLUGS [N STAKES

. CARPENTER'S LEVEL
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FRCV OIL RESERYOIR

OIL CONTROL VALVE
DRIP TROUGK
STEEL ROD

THE DRIP FEED SY3STEM






The results of Step 6
should ook like this.
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Figure 1. Three-Stone
Fireplace--Universal



Figure 2. Traditional
Coal Pot~-Caribbean
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‘l. Dry and clean your grain before storing.

Cry grain s\orés onger

\i\ﬁ‘w{\\\ ' J:,;
\ =
W 1

Clean grain stores better



Use dunnage to avoid moisture damage to grain
siored in bags.

N T

plooi and rat pl001. tis easier to fun |gate gla nm "lell'l for

Improve your storage structure

[BN

1

r———

A

Examine your storage structure before storing grain. Clean it.
Attend to cracks and crevices and white-wash it and also make it
rat proof and moisture proof as far as possible.









WAAT AM T GOING TO DO TO PROTECT MY GRAIN SO WE WILL HAVE ENQUGH
TO EAT FOR THE REST OF THE YEAR?




I AM AFRAID THAT RODENTS AND BIRDS
WILL ATTACK MY GRAIN.







SPACER E'*H'-‘.*::? OUTSIDE

e —— ]
J-l..ﬂ'.l. L T -'.:-!_- 1E; gl
=, 4%"* {l o n. ,_;" YNty ), ﬁit;j

Rl (!'.r{ t’f'r :

INSIDE BOTTOM
INSULAT ING MATERIAL









CUTTING OF AIR OUTLETS
3 DIFFERENT WAYS




MACHETE  ANE , OR
LARGE WEMNIFE By
BE WUSED FOR




USE HALF-ROUNWP &OUSE OR
ShALL CHIEEL T LT OuT
FAATERIA L AT JOonSTS AFTER
BEAMBOD HAas BEEM SPLIT.




WO SHAPEDR WMOTEH

M AN BE CUT WITH
RaNDShw .






Mathod of removing grain,




Wide thatch to keen rain and scer aff the mud crib.




2. Use dunnage to avald moisture damage to grain
siored in bags.

Wooden crate and bamboo mat prevant moisture pick up from ground.




kT

*34. Use domestic metal bins,

T
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Select the bins to suit your naeeds, Improved hing are mojslure

pioof and rat proof. {tis easier to fumioate grain in them for

insect Lantral. OR

Im@rove your storage structure

Examine your siorage struclure helore storing grain. Clean it
Attend to cracks ard crevices and whiterwash it and alag make it

rar praof and moisture proof as far as possible.




a0
#ﬁ: Fumigate with EDB ampoules {0 avold
insect damage.

-

A
S

L

Furmigate when the graln is stared. Chech peripdicaliyv and
femigete agdin il you fing live insaats,



[ ™
.';l-'-."' .

ﬁﬁ;ﬂ]se anticoaqulant for rat control.
L

Rats damape stared gram and contaminate it with thew ercrela




FIGURE 4

KILOGRAMS INTO POUNDS
(1kg. = 2.20463 1b.)

kg.OIl%2345lﬁ{T'39
| : i
0 1b. | 2.20| 4.41 6.61 8.82 1}.02 13.23' 15.43: 17. 64) 19.84
10 | 22.05 24.25] 26.46] 28.66 30.86| 33.07] 35.27 37. -:Lst 30.68 41.89
20 | 44.09. 46.30' 48.50 50.71] 52.91] 55.12) 57.32| 59.53| 61.73| 63.93
30 | 66.14/ 68.34| 70.55] 72.75| 74.96| 77.16/ 79.37| 81.57 83. 78, 85.98
40 | 88.19 90.39, 92.59| 94. 80| 97.00 99.21) 101.41, 103.62105. 82 108.03
50 |110.23'112.44;114.64| 116.85! 119. 05 121.25! 123.46, 125.66!127.87/130. 07
60 |132.928: 134.48| 136.69 138. 89| 141.10 143.30! 145.51| 147.71/149.91{152.12
70 | 154.32 156.53( 158.73| 160.94. 163. 14 165. 35/ 167. 55| 169.76,171. .96,174.17
80 | 176.37;178.58| 180.78| 182.98| 185.19: 187.39| 189.60: 191.80'194_01.196.21
90 | 198.42:200.62' 202.83| 205.03| 207.24| 209.44| 211. e4f 213. 85216 05 218.28
POUNDS INTO KILOGRAMS
(1 1b. = 0.45359 kg.)

Ib. o | 1 I ? 3 4 5 6 | 1 B . 9
0 | g | 0.454] 0.907 1.361] 1.814] 2.268 2.729| 3.175 3.629 4.082
10 | 4.536| 4.990| 5.443| 5.897| 6.350| 6.804] 7.257| 7.711! 8.165' §.818
20 | 9.072| 9.525| 9.979|10.433i 10.886| 11.340| 11.793! 12.247 12.701f13.154
30 |{13.608)14.061|14.515| 14.989| 15.422| 15.876! 16.329| 16.783(17.237/17. 690
40 |18.144|18.597| 19.051} 19.504[ 19.958| 20.412] 20.865] 21.319'21.772/22. 296
50 |[22.680,23.133(23.587 24.040] 24.494] 24.948] 25.401| 25.855 26.308/28. 762
80 1|27.216|27.669( 28.123, 28.576 20.030! 29.484| 20.937( 30.391:30.844(31 . 208
70 |31.751132.205! 32.659' 33.112| 33.566] 34.019| 34473 34. 927i35.380/35. 834
80 |36.287|36.741) 37.195, 37. 848! 38.102) 38.555) 39.008| 39. 4683'39.916(40.370
S0 |40.823/41.277 41.730; 42. 134 42.638| 43.001| 43.545 43. sgsiu 452 44.906
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ETCRED.FRODUCT INSECTS

COMMODTY,
STORAGE, AND
INSECT

SAFETY RESTRICTIONS

GRAIN-Corn,
shelled [atso Bariay

_and Ostsf foon.)

In concrete or

meral upright bins,

3.200-bu. metal

bins, wr 1arm-

type metal ning
Gran weevils, [asser
grain borer, grain
beeties, Angaumois
grain math, Indian
maal math

DOSAGE
THSECTICIDE fuctive jngredient
oR TOLERANCE FORMJL ATION per ;,mf“_ £ HOW, WHERE, AND WHEN TO APPLY
TREATMENT rp‘ peom-d unfers viferniie
reated)
Calcium cyanide % F 12-15 |b./1,000 bu. Mix into grein siream at 70° F. ar
{hydrogen i above.
cyanide]
Carban te*t.rachlc-ri de E;empt _F_ 3 gal 1,000 b, * Gravity-distribution fumigation.
+ carbon disu'fide Surface application ar layecing method,
(B0:20 mixturs} 60° F. or above.
1.75 gal.® Forced-distributian fumigatian. Closed-
recirculation Or single-pass
50" F. or abovs.
g8 Faorced distribution fumigation. Glosed-
recirculation or sinple-pass.
Below &0 F.
Chiorofarm + carbon 50 F 2.25 gal.f1,000 bu.* Gravity distribution fumigation,
disulfida + ethylene lincrganic Surtace application or layering method.
dibramide b omide] 60" F. or above.
Others - _—-- -
EXEMOT 2.75 gal /1,000 bu * Gravity-distyibution fumigatian,
Surface apptication ar layening method,
. Below 60° F,
Chloropicrin Exempt F 311,000 by, * Gravity-distribution fumigation,
Surtace application. 70° F. or abowe,
4 1b./1,000 bu. = Gravity-distribution fumigation,
Surface application, Below 707 F,
Chioropicrin + Exempt F 2 b, Forced-distribution fumigation. Closed-
methyl chloride recirculation or single-pass.
(B5: 15 mixturel 7O F. or above,
Jib, Farced distribution fumigation. Closed-

*Double the dosage if used in wooden bins.

restircularion or cingle pass.
Below 707 F.

Fumigants should be

applied only by a mrained
cparator,

Aerate after fumaigation,




INCHEA INTO CHRNTINETERS

3 m = 2.33%977 cro.)

FIGURE 2
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FIGURE 4

Kirgseayws INTO mrwns
(kg = 220463 1b.|

kg i 1 | i, & b * | ' i

! ' |
o 5. 22 4.41! ﬁ.ﬁl! BAL k02 1323 5. 43 17.54! 1954
10 @ 22,06 M.25 26,460 28.66; S0.86] %T.0T 35.27 A7 48 30. 68| 41.50
o0 | 44,09 4870 48 50 50071 3201 a3. 12 57.32 5953 61,731 B39
3| 88.14] 684 TN.3S T2LTS 488 IT.I80 TH.AT SI.GT H3.740 95,94
40| BB.IDy 00300 D200 04,80 07,00 0971 101.41 10982 105, B2 19
50 | 119,231 112 43| {14.84) 116,85 119,08 121 25] 123, 36, 125 66 127, 5T (3007
g0 1 132,39 134 4] 136 A 138 80) 141,20 14330 145, 51| 147 T1:145.9! 152,13
i ! 154,37 158,530 158.73| 160, 04| 183, 14 15.35! 167, 55| 180, THI1T1 56 17417
§ T I76.37 i73.58' 180 78 |42 UE| 185,19 187,35 18§, 60! 181801194 01.156 2]
S0 102 4% 200,62 202 83 zm-m‘ 7.2 200 .44 21164 713.85216.05:218 . 28

POUNDE I¥TO KILOGRAMS
(I Ib. = (.45359 ke.)
I ! I : -

- | = 4 | 5 | A . ! o

1 |

‘ ] : | i
0 kg | 0454 0.907° 1.381| 1.%14] 2.368 2.7 3.175 3.82%: 4. 082
10 4.538 4,980 5.440° 5.897| 6.350) 6.904 7257 T.711| 8.185 %618
20, 8.072 §. 525 9,979 10.433) 10.884( 11.340 11793 {2 2¢7I12. 701113, 154
30 7 13.808) 14.061 14,515 14 009 15422 15,376 1. 3209( 16.783[17.237,17. 800
40 (18 144 15597 19,051 19 504) 19958 20,412 20 345 21 _319'2]_ 77920 oog
301226680 23. LXL 23,557 24 O40i 26 404( 24.948( 25, 401! 25 A5S 2630826, THE
B0 | 27,218 27. 669! 23,123 28 578" 23.030! 29, 4B4) 20,937 30,381 30.Be4|31 . 208
70 | 31.751) 32.205i 32,659 33,112 33544, 34.000( 34. 473 34 927 35, 380135334
B0, 38, 287 36_T41] 37195 37.845 58 107 3%_555( 30,009 39,463 38, 214i50_370
90 40,823 41, o904 44,

Jal-'li.

T30) 42,184 42,833 43.091( 43.545 43,

452 44 908







INCHES INTO CENTIMETERS

(

—
—

1 in.

2.539977 cm.)

FIGURE 2

inches

o |
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64! 170.18,172.
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44- 220.98 223,
84, 246.38 248.

|
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121. 92|
147.32
72
12
52
92

22,
48.
73.
99.
124.
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66

26
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48

CENTIMETERS INTO INCHES

{1 cm.

0.3937 in.)

g

8E3IZEZEEBSo

(.394

4.331

8.268
12.205
i6.142
20.079
24.016
27.963
31.890
35.827

inches
3.937
.874
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15.748
19.
.622

31.496

1.181

5.118

9.055
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3.150
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30.709

34.252
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34.846
38.583

3.543
7. 480
11.417
15.354
19.291
23.228
27.185
31.102
35.039
38.976




FIGURE 4

KIiLOGRAMS INTO POUNDS

(1 kg. = 2.20463 1b.)
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PouNDs INTO KILOGRAMS

(11

b.

0.45359 lg.)

1b.

b |
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kg.
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Gas under atmospheric pressure

inttial slurry level
/I ] Discharge
——

50 Day old
slurry level

Phase |

Figure III-5a. Slurry and pressure levels in Janata design



Gos under pressure of H' height of
slurry column Usgble gas

] Discharge
—

50 Day old

/slurry level

Phase ||

Figure III-5b. Slurry and pressure levels in Janata design
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Figure III-5c¢c. Slurry and pressure levels in Janata design
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Figure IXI-5d. Slurry and pressure levels in Janata design
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Figure III-5b. Slurry and pressure levels in Janata design
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Figure III-5c¢c. Slurry and pressure levels in Janata design
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Figure IXI-5d. Slurry and pressure levels in Janata design
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Cover the floor poles with half-rounds of bamboo, leaving a hole,
approximately &" X 13%, in the middle of the floor.
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HONEY FLOW

HIVE #
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COMMENTS

HIVE #

COMMENTS

HIVE #

QUANTITY
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BLOOM DATES

VARIETY

DATE/DURATION

LOCATION

QUALITY

COMMENTS

VARIETY

DATE/DURATION
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VARIETY

DATE/DURATION

LOCATION
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WAX PRODUCTION

HIVE #
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SWARMING

COMMENTS
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NEW BEE PURCHASES/TRADES

DATE

SOURCE

TYPE

QUANTITY

COST

TO HIVE#

TOCATION

COMMENTS




HONEY/WAX SALES

DATE

PRODUCT

CUSTOMER

QUANTITY

PRICE

COMMENTS
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Photo 6.13c A nylon towing strap is shown in use to pull out a stranded
truck that has slipped off the road. The nylon strap offers the advantage of
stretching. This allows the towing truck in this example to back up,
stretching the strap to combine the force of the towing truck and the
potential energy in the extended strap. The resulting force can be very
effective in exerting a sudden pull to extricate a stuck vehicle.

Bt i e e

, has the advantage

, Such as the one above
of being able to stretch. From the perspective of physics, this offers
potential energy contained in the strap, as well as the tractive effort of the
towing vehicle. The combination is substantially more effective in freeing
a mired vehicle than can be obtained with a chain or wire cable. To take
advantage of this, however, it is necessary to “jerk” the mired vehicle
loose; the nylon strap will not be nearly as effective with a slow, steady pull.
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Descending On a Curve

Truck Brakes and Trailer Jackknifes

Jackknifing Trailer
Figure 6.82b



Fuse

@ To Be Tested

ut End of Fuse
On Battery Terminal

if Bulb Lights,
Fuse is Working

Testing a Fuse
Figure 9.70b



Firing Order
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Spark Plug Wires
Figure 10.55¢
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Lift Jack to Force
Tire Away From

Wheel Tripod Type

Bumper Jack

/

Chain Over
Bumper Hook

Board or Pipe to Anchor Chain
On Other Side of Wheel

Homemade Tire Remover
Figure 14.50b



Single Pin Hinge

\ Lifting Chain
\F’ipe to Extend
Force of Jack

Brace

Hydraulic Jack

Homemade Hoist
Figure 14.50c
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Figure 14d: Three pot mass wood
stove with chimney.

Final Energy Balance:
Gains:
6 % absorbed by water and food
Losses:
4 $ lost by evaporation from pots
2.1% lost from pot surfaces
13.9% absorbed by stove body
30.2% lost as thermal energy in
flue gases
1.1% lost as carbon monoxide
1.9% 1lost to evaporate moisture In
fuel
5.9% 1lost as latent heat of va-
porization of water produced
by combustion
11. & lost as charcoal residue
Reference (3)

Figure le: Thal charcoal stove.

Final Energy Balance:
: Gains:
3.1% absorbed by water and food
Losses:
4.6% lost by evaporation from pot
0.2% lost by convection and
radiation from pot 1id
13.0% absorbed by stove bedy
1.3% 1lost by convection and radi-
ation from stove body
2.1% lost as thermal energy in
flue gases
0.7% lost as carbon monoxide due
to incomplete combustion
75. & lost in the conversion of
wood to charcoal
Reference (4)




Figure 1d: Three pot mass wood
stove with chimney.

Final Energy Balance:

6 %
b %
2.1%
13.9%
30.2%

1.1%
1.9%

5.9%

11. ¢

Gains:

absorbed by water and food
Losses:

lost by evaporation from pots
lost from pot surfaces
absorbed by stove body

lost as thermal energy in
flue pgases

lost as carbon monoxide

lost to evaporate moisture in
fuel

lost as latent heat of va-
porization of water produced
by combustion

lost as charcoal residue

Reference (3)



FIGURE 1lA: Double metal wall
over the entire surface of
the stove with air or insu-
lant in the enclosed area.

FIGURE 1B: Double metal wall
in the combustion chamber
alone with air or insulant in
the enclosed area.
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FIGURE 1, continued

fenlatpeng iy ei ensin,

Figure 1d: Three pot mass wood
stove with chimney.
Final Energy Balance:
Gains:
6 % absorbed by water and food
Losses:
& % lost by evaporation from pots
2.1% lost from pot surfaces
13.9% absorbed by stove body
30.2% 1lost as thermal energy in
flue gases
1.1% 1lost as_ carbon monoxide
1.9% lost to evaporate moisture in
fuel
5.9% lost as latent heat of wva-
perization of water produced
by combustion
11. # 1lost as charcoal residue

Reference (3)

Figure le: Thai charcoal stove.

Final
3.1%

4.6%
0.2%

13.0%
1.3%

2.1%
0.7%

75. %

Energy Balance:

Gains:

absorbed by water and food
Losses:

lost by evaporation from pot
lost by convection and
radiation from pot lid
absorbed by stove body

lost by convection and radi-
ation from stove body

lost as thermal energy in
flue gases

lost as carbon monoxide due
to Incomplete combustion
lost in the conversion of
wood to charcoal

Reference (4)



FIGURE 3 continued

Pot supports can be folded through
slots in the wall or welded into place.
Care must be taken, however, to avoid
deformation of the stove wall,

Alternatively, pot supports can be
formed from a triangle of metal rod.
This reduces the forces warping the
stove wall, but tend to shield more of
the pot surface, support the pot less
stably, and allow the use of pots that
are too small for the stove.
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UNINSULATED METAL WALLS - INSULATED METAL WALLS DOUBLE METAL WALLS

?

STEADY STATE HEAT LOSS, wotts
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FIGURE 5:

Steady state heat loss from combustion chamber walls as a

function of wvarious parameters.
in Appendix C.

The emissivity, e, is defined




FIGURE 11lA: Total stove efficiency versus heat flux to the pot as a
function of channel gap and length for family sized stoves,
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FIGURE 11B: Total stove efficiency versus total flux to the pot as a
function of channel gap and length for iIndustrial scale stoves.
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trance, the heat transfer coefficient is then h=.02624(3.657)/0.1=0.96
W/m?°C where the value for k for air is from Table 3. If the wall of the
pipe is at 285 K, then the heat transfer along a 2 meter section of the
pipe will be Q=hA(T1—T2)=nhLD(T1-Tz)=0.96(2r0.1)(300-285)*9.05 W. The gas
velocity does not enter into the calculation because of the assumption
that the flow is laminar and fully developed., See (1-5,7) for details,

The pressure drop can also be calculated. From the table, fRe=64.0. If the
average air flow velocity is 0.3 m/s, Re=.3(.1)/16,84x10"®=1,782x10® where
v was taken from Table 3. The friction factor is then f=64/Re=3.59x1072
and the pressure drop along this same 2 m section of pipe is AP-pru2/2Dh=
(3.59%1072)2(1.1774)(0.32)/0.2«3.8x10"2 mkg/s?m?=0.038 N/m?=0.038 Pa where
the density of air is again from Table 2.

FORCED CONVECTION: (Reference 8)
Critical Reynolds numbers: flatplate 3.2x10%, cylinder 5x10°, sphere 3x10°

CDTGJ BOUNDARY LAYER
Laminar flow parallel Nu =0, 332Re?- Spr?-333
to a flat plate Nux-O 664Re®-3py? 333
Re=ugx/p<3x10%
[ ”"”V '''''
Turbulent flow over Nu, ~0.037Re®- 8pr?.333
a flat plate UnT,
Remux /o>3x10° © 0.) TURBULENT BOUNDARY
Laminar plane stagnation Nu_=0.57Re®- >pr0- ¢
point flow ‘ ’ X
Re=ux/v UCD >»— - - - - %0

Axisymmetric Stagnation
point flow
Re=uR /v

Nu,=0.93Re®- 3pr?-*

Flow around a cylinder

1<Re<4 Nu,=0.891Re’- 333
4<Re<40 Up —» C: -0.821Re? 283
40<Re<4000 =0.615Re? - 466
4000<Re<40000 =0.174Re? 618
40000<Re<250000 ~0.024Re? - 803




NATURAL CONVECTION (reference 8)

Hot vertical flat plate BOUNDARY
laminar 10<GrPr<10° LAYER Nu, =0.59(GrPr)?-23
turbulent GrPr>10° Nu,=0.13(GrPr)?-322

Gr=gx® BAT/v2

Hot inclined flat plate
Gr=gx® paTcosa/v?

Horizontal plate, hot side up

laminar 10°<GrPr<2x10’ Nu =0.54(GrPr)?- 2%

Gr=-gl? AT /v

turbulent 2x107 <GrPr<3x10%° Nu, =0.14(GrPr)? 333
—L—

Horizontal plate, hot side down

Gr=gL? BAT /12 T, =0. 27 (GrPr)0 - 25
3x105 <GrPr<3x10:° ( [ , ; f

—_ L —

Heated horizontal cylinder pa
Gr=gd® AT /2 / .
laminar, 10°<GrPr<10° Nu,=0.525(GrPr)?- 23

Horizontal parallel plates

lower plate hot P T IN P PR RPN YRSy

Gre=gx® BAT /12 IX

Gr<103 B an . gy aa an S e mn an n as se e o N\Jx-l

10% <Gr<3.2x10° Nux-O.Zl(GrPr)° .23
3.2x10°<6r<10’ Nu_=0.075(GrPx)0-333

Vertical parallel plates
Gr<2x103 X Nu, =1
2x10%<Gr<2.1x10° Nu_=0.20(GrPr)?- 22
2.1x10%<Gr<1.1x10’ Nu =0.071(GrPr)°- 333




TABLE 2 continued

For air a simpler form of these LI T T
equations is given below where the w 110]
parameters are defined in the figure to
the right (reference 7) 0
laminar flow turbulent flow

Free Convection To Air 104<GrPr<10° GrPr>10°
from vertical plane or

large vertical cylinder h=1.42(AT/L)% 23 h=0.95(AT)?% 333
from a horizontal cylinder h=1.32(AT/d)? 23 h=1,24(AT)?.333
from a horizontal plate, hot

side up or cold side down h=1.32(AT/L)?-23 h=1.43(AT)?-333
from a horizontal plate, hot

side down or cold side up h=0,61(AT/12)¢ 2 h=0,61(AT/L% " 3

where h is the heat transfer coefficient in W/m?C.

To correct these wvalues to pressures lower than 1 atmosphere, multiply h
by (p/101.32)°-% for laminar flow and by (p/101 32)70-887 for turbulent
flow where p is in kilonewtons/m?

For an enclesed alrspace, the effective thermal conductivity between the
two walls is given by (reference 7):

'k, = k,,,C(GrPr)=(L/6)"

(-]
where

: 34,2
Gr = gB(T;-T,)8° /v = Kotrecrive

and values for GrPr, L/§, C, n, m, are given by

GrPr L/§ c n m
Vertical isothermal 6000-200,000 11-42 0.197 0.25 -0.111
plate or cylinder 2x10° -1x107 11-42 0.073 0.33 -0.111
Horizontal isothermal 1700-7000 --- 0.059 0.40 0
plate heated from 7000-3,2x10° --- 0,212 0.25 0
below >3.2x103 --- 0.061 0.33 0

References (2,4,7-8.)







(X ¥ (t-value for a)S_//10},



LCW POWER PHASE: As rapidly as possible return all cinders and fuel to
the fire, relight it, and put the pot in place. Keep the fire power as
low as possible yet still maintain the pot temperature within 5°C and
preferably 2°C of boiling. Avoid vigorous beiling. Continue for one hour.

Time Elapsed Water Temperatureé Remarks
time Pot A (Pot B)

0 q No lids are used
5

10

15

20

25 T

30

s. Weight of wood remalning
t. Welght of charcoal remaining
u, Weight of pot A + water

(Weight of pot B + water)

REMARKS :

¥ The lettering is used to ease the explanation of the performance
calculations on the following page. Such lettering is also useful if
the results are to be computer coded for analysis, such as with a
spread sheet. For convenience, only pet A columns are used here,

#% Note that all weights are recorded in kilograms, all temperatures are
recorded in degrees celsius., Pot weight includes thermometer.




CALCULATIONS:

High Power Phase

Time to boil: ¢, = § - 1 =

_ (1-1.12d)"(h-m)e - 28000""n
60t

Firepower: P,

4.184(g-£)(1'-k) + 2260(g-p)

PHU, = —7171.12d)(h-m)e - 28000

(100%) =

Low Power Phase

- (1-1.12d)" (m-s)e - 28000(t-mn) -
1800

Firepower: P,

4.184(p-£)(100-r)"" "+ 2260(u-p)

PHU, = (1-1.12d) (m-s)e - 28000(t-n)

(100%) =

Average Specific Consumption

(1-1.12d){m-s) - 1.5t

Scave = (u_f)

* The moisture content d is assumed here to be given on a wet basis. The
value (1.-1.12d) rather than (1-d) is used so as to account for the
energy lost in evaporating the water from the wood. The latent heat of
vaporization of water 2260 kJ/kg is about 0.12 times the typical calor-
ific value of wood, 18000 kJ/kg.

** The calorific value is assumed here to be 28000 kJ/kg. Tests should be
done to determine its value in practice at the site.

#%* This assumes that the water temperature is brought back to boiling and
that the boiling temperature is 100°C.




Appearance Modern and|
Ugly Attractive
Points
Durability, Months 3 6 12 24 48
Short Long]
Points
TOTAL

Other:

Perceived fire risk

Ability to cook different foods

Ability to accept different pot sizes

Amount of light provided by stove to cook or work by/need for an
alternative light source

Stability/rigidity of the stove when stirring food

Ability of the stove to accept any fuel size or type

Portability of the stove

Amount of stove maintenance required

Amount of training needed to learn how to properly use the stove

Ability of the stove to provide space heat or remove heat from the
kitchen.

*  Adapted from Reference (10)

*% Note that the point scale is not necessarily linear with the parameter
being judged. Thus, a reduction in efficiency of 20% costs 100 points
on this particular scorecard, while an increase in efficiency of 25%
only gains 50 points. This is simply trying to illustrate the "law of
diminishing returns" as it applies to people’'s perceptions of the
usefulness of different features of a stove.

*%% This index might be better expressed as minutes/liter to reduce scale
effects (with large pots).




TABLE 5 continued

Heat Capacity

1 Btu/hr°F = 0.5274 W/°C 1

W/°GC = 1.8961 Btu/hr°F

Heat Per Unit Mass (internal energy or enthalpy)

1 Btu/lb ~ 2325.9 J/kg 1
1

Heat Flow

1 Btu/hr = 0,2931 W 1
1 Btu/s = 1055.1 W 1
Heat Flux

1 Btu/hrft? = 3,1537 W/m? 1

Heat Transfer Coefficient

1 Btu/hrft?°F = 5,677 W/m?K 1
1 Btu/hrft?°F =
=4 882 kcal/hrm?°G

Length

1l in = 2.54 em

1 ft - 0.3048 m

1 mi = 5280 ft = 1.60934 km
1 nautical mile = 1,852 km

el

Mass

1l oz = 28,35 g 1
1 1b = 16 oz

1 1b = 0.4536 kg 1
1 slug = 14.594 kg

1 ton = 1 short ton (american 1

ton) = 2000 1b = 907.19 kg
long ton (Imperial ton) =
= 1016.2 kg

(=1

Mass Flow Rate

1 1b/hr = 1.26x10°% kg/s 1
1 1b/s = 0.4536 kg/s 1

J/kg = 4,2994x107% Btu/lb
cal/g = 4.184 kJ/kg

W = 3.411 Btu/hr
kW = 0.9478 Btu/s

W/m? = 0.31709 Btu/hrft?

W/m?°G = 0.1761 Btu/hrft2°F

cm = 0.3937 in
m= 39,3701 in =~ 3,280 ft
km = 0.62137 mi

8 = 15.432 grains = 3.527x10°2 oz
kg = 2.2046 1b
metric ton = 1 mt - 10% kg =

=~ 1.10231 short tons =
= 0.98420 long tons

kg/s = 7.94 lb/hr
kg/s = 2.2046 lb/sec




TABLE 5 continued

Mass Flux

1 1b/ft?hr = 1.356x107°% kg/m’s
1 1b/ft®s = 4,882 kg/m?s

Power

1 Btu/hr = 0.2931 W

1 Btu/hr = 3.93x10°% hp
1 Btu/s = 1.0551 kW

1 hp = 550 ftlb/s

1 hp = 745.7 W

1 ftlb/s = 1.3558 W
Pressure

1 1b,/in® = 1 psi = 6894.76 Pa
1 1b,/ft? = 47.880 Pa

1 atm = 14.696 1b,/in?
1 atm = 2116.2 1b,/ft?
1 in H,0 = 249.1 Pa

Specific Heat

1 Btu/1b°F = 4.1868 kJ/kgK
1 Btu/1b°F = 1 kcal/kgK

Speed
1 ft/s = 0.3048 m/s
1 mi/hr = 1.4667 ft/s

1 mi/hr = 0.44704 m/s
1 knot = 0.51444 m/s

Temperature
T(°F) = 1.8(K-273.15)+32

T(°F) = 1.8(°C)+32
T(°F) = T(°R)-492

Thermal Conductivity

1 Btu/hrft°F = 1.7303 W/m°C
1 Btu/hrft°F = 0.4132 cal/sm®C

1 kg/m?s = 737.3 1b/ft?hr
1 kg/m?s ~ 0,.2048 1b/ft?s

1V = 3.411 Btu/hr

1 kW = 0.94778 Btu/s

1 kW = 1.35961 metric horsepower

1 kW = 1.34102 Imperial horsepower

Pa - 1 N/m? = 1.45x10"% Psi
bar = 10° Pa
atm = 1,01325x10° Pa

=

1 mm H,0 = 9.80665 Pa
1 mm Hg = 133.3 Pa

1 J/g°C = 0.23885 Btu/lb°F
1 keal/kgK = 1 cal/g°C

1l m/s = 3.2808 ft/s

1l m/s = 2.237 miles/hr
1 km/hr = 0.62137 mi/hr
1 km/hr = 0.27778 m/s

T(K) = T(°R)/1.8

T(K) = T(°C)+273.15
T(°C) = T(K)-273.15
T(°C) = [T(°F)-32]/1.8
T(°C) = [T(°R)}-492]/1.8

1 W/m°C = 0.5779 Btu/hrft°F




TABLE 5 continued

Viscosity, dynamic

1 lb/fts = 1.4882 Ns/m?
1 1b/fts = 14,882 poise
1 1b/fthr = 0.4134x10" 3% kg/ms

Viscosity, kinematic

Volunme

in® = 16.387 cm®

oz (U.S. fluid) = 29.573 cm?
ft® = 0.0283168 m®

ft3 = 28.3168 liters

e

H

American gallon = 1 gal(U.S.)
= 3.7854 liters

gal (U.S.) = 0.13368 ft3
imperial gallon = 1 gal (U.K.)
= 4,546 liters

1 gallon = 4 quarts = 8§ pints =
= 16 cups

gallon (U.S.) = 128 fl. oz.
barrel = 1 bbl (U.S.) =

= 42 gallons (U.S.)

=

e

Volumetric Flow Rate

1 £t3/min = 0.472 liter/s

1 US gal/minute = 0.06301 liter/s
1 UK gal/minute = 0.07577 liter/s

el

H o e e

b

(-

poise = 1 g/cms

poise = 10? centipoise

poise = 241.9 1b/fthr
centipoise = 1 ¢P = 1x10°% Ws/m?

centistoke = 10°% m?/s

cm® = 0.06102 in?

em® = 1 milliliter = 1 ml
m® = 35.315 ft3

liter = 1x1073m3

m® = 3.923 yd?®

liter = 0.946 quarts (U.S.)
liter = 0.219969 imperial gallons

liter = 0.26417 American gallons
liter = 0.035315 ft3

m?® = 264.172 U.S. gallons
= 6.2898]1 American barrels

liter/s = 2.119 £t /minute
liter/s = 15.87 US gal/minute
liter/s = 13,20 US gal/minute




Worksheet 1 continued

LOW POWER PHASE:

Place the pot back on the stove and close the door.

Time Elapsed Water Remarks

Time Temperature
0

5

10

15

20

25

30

Weight of pot and water (lid and thermometer)

Weight of stove and charcoal

REMARKS:




Worksheet 4 continued

Are there rites associated with the traditional stove or its use?

What fuels are used for cooking in the household?

What else are these fuels used for in this household? food drying, cloth
dyeing, pottery making, blacksmithing, beer making, commercial food
preparation, etc.?

How 1s the fire 1lit? (kerosene, paper straw, etc.)
Does the family buy or collect wood fuel?
If collected, who does the collecting?
and how much time (distance) from the house?
How long does a single collection of wood last?
Are special trips made to collect wood or is it donme in going to and from
the fields?
If bought, how much does it cost?
How often is it purchased?
How is it transported?
Are fuels available only during certain seasons?

What i1s most annoying to the cook?
the heat or burns
smoke
the bent position
watching and controlling the fire
watching the food
scrubbing the blackened pots
fetching the fuelwood
other

What types and sizes of pots are used? (list and sketch below)

How long does it take to prepare each meal?

Where is the cooking done ? Dry season
Wet season
Winter

If the family is chosen to participate in this study, will they permit the
tester to enter daily to weigh the wooed or charcoal?

Comments:




WORKSHEET 7
OBSERVABLES

(Direct observations to be made'by the interviewer

at the beginning and end of the survey, or as needed)

Where is the stove{s) placed (inside, outside, by a protected wall)?

What is the stove type: (1 pot/2 pot, chimney/chimneyless?)

What is the construction material: (sand/clay, cement, fired clay, metal)

Dimensions:

Condition:

Stove use:

Pots:

Fuel:

pot to wall
pot to grate/ground
pot to baffle
chimney height/diameter inside/outside

tunnel size between pots and to chimney
amount of pot surface exposed
do pots seat well?
grate dimensions, number of holes, size, etc.

cracks?
repairs made?
air holes blocked with sand or ashes?

chimney plugged?

warm or not?

new or old ashes inside?
sooting over door?
surrounded by debris?
does stove burn fuel cleanly? easily? much smoke?

size of pots present? type of pots? shape? material?

which pots fit the stove?
pot to wall gaps?
which pots are used?
are pots protected with a mud covering?
are pots heavily sooted or kept relatively clean?
are there lids for the pots? are they used?

type of fuel around?
size of fuel?
manner of fuel storage, protection from rain, etc.?
cost of fuel?

how is fuel collected?




Worksheet 7 continued

Kitchen: , Is cooking done inside or out?

If outside, is the stove well protected?
Condition of kitchen? .

Diagram of Stove:

Diagrams of Pots




Worksheet 4 continued

Are there rites associated with the traditional stove or its use?

What fuels are used for cooking in the household?

What else are these fuels used for in this household? food drying, cloth
dyeing, pottery making, blacksmithing, beer making, commercial food
preparation, etc.?

How is the fire 1lit? (kerosene, paper straw, etc.)
Does the family buy or collect wood fuel?
If collected, who does the collecting?
and how much time (distance) from the house?
How long does a single collection of woed last?
Are special trips made to collect wood or is it donme in going to and from
the fields?
If bought, how much does it cost?
How often is it purchased?
How is it transported?
Are fuels available only during certain seasons?

What 1s most annoying to the cook?
the heat or burns
smoke
the bent position
watching and controlling the fire
watching the food
scrubbing the blackened pots
fetching the fuelwood
other

What types and sizes of pots are used? (list and sketch below)

How long does it take to prepare each meal?

Where is the cooking done ? Dry season
Wet season
Winter

If the family is chosen to participate in this study, will they permit the
tester to enter daily to weigh the wood or charcoal?

Comments:




WORKSHEET 5
WEEKLY SURVEY/FINAL FOLLOWUP
(West Africa Example)

Date:

Name of Interviewer:

Name and Surname of Head of Household:

OBSERVABLES (to be observed directly by the interviewer):
(Specify the following for both old and new stoves)
Is the stove in use or has it been in use recently?

What fuel is being used, size, etc.?

What pots are in use?

What is the physical condition of the stove?
Are the airholes blocked with sand, ashes?

Where is the stove being used (inside, outside, etc.)?

QUESTIONS (to be asked of the family):

When was the stove last used?

Which of these problems have you had or noticed when compared to the use

of other stoves?

Burns the cocok?

Blackens pots?

Unstable for stirring?
Burns the food?

Gives too much smoke?

Heats slowly?

Hard to light?

Uses too much wood?

Does not leave charcoal for tea or
or ironing, etc.?

Too hot to be near?

Hard to keep clean?

Does not fit pot?

REMARKS :

Does not give light to cook
by? and
Is a kerosene lamp then used?
Goes out easily?
Cracks easily?
Too expensive?
Looks ugly?
Too fragile?
Melts in rain?
Does not heat kitchen in
winter?
Does not give enough smoke to
repel mosquitoes, etc.?

Note: All these questions could also be rephrased In a positive sense--
as advantages of the improved stove compared to traditional ones. This
might best be done in the final followup to reduce biasing the results.




WORKSHEET 7
OBSERVABLES
(Direct observations to be made'by the interviewer
at the beginning and end of the survey, or as needed)

Where is the stove{s) placed (inside, outside, by a protected wall)?

What is the stove type: (1 pot/2 pot, chimney/chimneyless?)

What is the construction material: (sand/clay, cement, fired clay, metal)

Dimensions: pot to wall

Condition:

Stove use:

Pots:

Fuel:

pot to grate/ground

pot to baffle

chimney height/diameter inside/outside

tunnel size between pots and to chimney

amount of pot surface exposed

do pots seat well?

grate dimensions, number of holes, size, etc.

cracks?

repairs made?

air holes blocked with sand or ashes?

chimney plugged?

warm or not?

niew or old ashes inside?

sooting over door?

surrounded by debris?

does stove burn fuel cleanly? easily? much smoke?

size of pots present? type of pots? shape? material?

which pots fit the stove?

pot to wall gaps?

which pots are used?

are pots protected with a mud covering?

are pots heavily sooted or kept relatively clean?
are there lids for the pots? are they used?

type of fuel around?

size of fuel?

manner of fuel storage, protection from rain, etc.?
cost of fuel?

how is fuel collected?




Worksheet 7 continued

Kitchen: , Is cooking done inside or out?

If outside, is the stove well protected?
Condition of kitchen? .

Diagram of Stove:

Diagrams of Pots




FRAME CONSTRUCTION

CHICKEN MESH
INSIDE FACING

AGAINST REFLECTIVE.
SIDE OF INSILATION

WRAP PLASTIC AROUND
BOTH SIDES OF FRAME

NATL

rgpll\l

R-1T INSULATION

ﬁ“ax‘r. PLY WOOD

DETAIL- SIDE ¢ TOP PANELS

&

METAL ANGLES

>“——-I X2 SCREEN LUMBER

DETAIL-FRAME. COMSTRUCT i1

GALVANIZED NA(ILS
DRIVEN THROUGH
PRE-DRUW.LED HOLES
IN FRAMES, EXTEND
THROUGH BAND-
CLAMPS ON BBOTH

SIDES.

DETAIL—FASTENING
FRAMES TOGETHER




A-FRAME GREENHOUSE

HELPS SLow ALL REFLECTIVE
- \\A* HEAT LO3s INSULATED

SURRACES
\

SUNNY WINTER DAY WINTER NIGHT

|
APA

VENT

SUMMER-FULL SHADE. POSSIBLE

SEASONAL EFFICIENCY 1S
BASED ON CHANGING
VOLUME OF GREENHOUSE,

COUPLED WITH EXPANDABLE
COLLECTOR § REFLECTOR AREA.

NORTH WALL PANELS
HINGED; PULLED DOWN
TO A-FRAME. IN WINTER,
PUSHED BACK AGAINST
HOUSE |IN SUMMBERR.



A-FRAME GREENHOUSE

CONSTRUCTION: 2X4 oR 2X3 GUSSETED

GLASS OR
POLY
SINGLE QK.

VENTS

SUMMER SUN
POLY SR ORAQUE

—
STY ROFOA M
INSULATICN



TYPICAL HEAT GAINS AND LOSSES
FROM SOLAR GREENHOUSES

HEAT FROM 3UN

210, c00 BTU z

Loas:
557,000 8TU

R HEAT GAIN SINGLE -WALL
165,000 BTU GREENHOUSE
NET LOsS: R

322,000 &TY

HEAT FROM SUN

210,000 BTU LOSS:

210,000 BTU

HEAT GAIN Qou =Gl AZTED
137,000 8TY GREENHQUSE
NET LO%s:
3,000 vTY
S

HEAT FROM SUN LOSS:

HEAT GAIN
157,000 BTU §

ADD NIGHTIHADES: 100,CC0O+ NEBET GAIN
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DIMENSION CENTIMETERS INCHES

N S 2

0 3.2 1l 1/4
P 1.7 43/64
Q 0.6

R 8.9

S 5

T 2.5

U 4.4

\4 1.6

W 3.5

X 1.2







roll of completed fence (on floor)'

4""”’7 7 wire feed roll——i?
: ““'@‘. (on floor) | \
W completed
_ fence

\

—

FIGURE 17
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FIGURE 2: This Is How You Assemble The Parts

(Top View)

Nate the Corresponding Positions of the Parts Pictures in Figure 1.

Blocks "'C”
which hold the

crank in place. }

Crank “E”\?-
N

F

Pipe an crank hondle
allows it to turm freely
in the haad, :

Pill. wpr

with spiral slot.

A, A e ™ e+

141

X
KK

K O N\
SRR

— Blogks "0 which clomp -
Pulley Sheaves “F”

which put tension on the wire.

O 9,
907% %% % % %% %

Stael Plats "B’ which

turns inside the pipe. This
combination forms the
“bending heed".

a
%,
%
9
4
&

030

the pipe in place. The strop
iron and bolt on top prevent

the pipe from tuming. (See Figure 3 o page 5.)

e

m—.—-—ﬁ



a spiral,

Four biecks of woed, for use in mounting
the perts on @ work bench.

A A shart length of
qalvanized pipe, on
which you will cu?

B A steel plate or strap iren, 1/8 inch
thick, with the comers reunded off
and a hole drilied near one end.

A crenk E
for twisting
the wire inte.

o spirei. %
' l

Three smeli pulley sheaves,

arranged in 0 row, to put i
tension on the wire as it

feeds aff the reil.




Wooden Pegs, 3/4 inch (2 cm) diameter
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ADJUNCT TO TABLE V
Be sure to refer to Table V and the text for

FLOW RATE (IMP.
instructions ¢on use.



Minutos

10

20
30

4Q

o 20° 40° - 60° 80° 100° (gramos)

Formulario de Datos y Cilculos del EAH, continuacidn

GRAFICA IIEHPO/TEHPERATURA

cargas Otras actividades
Temperatura del Agua lefia y comentarios
> -1 o o . Q
0° 20 40 60 30 100" (gramos)
Ensayo a Alta Potencia
cargas
Temperatura del Agua lefia Otras actividades
Yy comentarios

Ensayo a Baja Potencia



Nembre y origen de la estufa

Nombre({s) del (los) constructor{es) de la estufa

Fecha de construccidn Materiales usados

Localizacidén y condicién de la estufa

(—VISTA EN PLANTA ﬁ\rrPERSPECTIVA A
_ I _/
’ VISTA DE CORTE CON OLLAS N r\J’ISTI’A FRONTAL N
~ VAN J
OLLA #1 OLLA #2 OLLA #3
Peso (vacia) kg kg kg

M Capacidad mixima 1 1 1

5 Didmetre al borde cm cm cm

o

Compesicidn

Detalles de la construccidn de la estufa




Formulario para reportar series de ECC, continuacidn

Descripcidn de la comida estdndard .

Procedimientos definidos para coc¢inar la comida

Resumen de comentarios del cocinero(a), estufa #1

Resumen de comentarios del cocinero{a), estufa #2




Formulario para reportar series de ECC, continuacidn

Nombre y origen de la estufa

Nombre{s) del {(los) constructor{es) de la estufa

Fecha de construccidn Materiales usados

Localizacidn y condicidn de la estufa

(7VISTA EN PLANTA PERSPECTIVA

\.

AN

-
rkVISTA DE CORTE CON OLLAS (" vISTA FRONTAL

JU

— AN
OLLA OLLA OLLA
#1 #2 #3
Peso (vacia) kg kg kg
¥ capacidad mixima 1 1 1
g Didmetro al borde cm cm cm
Composicidn

Detalles de la construccidbn de la estufa




C. Tipo & estufa o situwacién de cocina 2:

Resultadns para
Ensayo Fecha el ensayo del pa-
Fy rémetro primario

Resul tados para
el ensayo éel pari-
retro secundario

NGrerc de ensayos (n.,)
Valor d&& la media para el pardametroc
de ensayo (X.) _
Mesviacidn estandard para el parametro
de ensayo (S.}
Coeficiente dé
variacién (CDVZ)
Error estidndard" (524325
Intervalo de confifnzg a&T
95%; (Yz + 25,)
Otros comentarios o
cilculos

D. Comparacién de resultados:

Diferencia entre medias
(X, - X}

Porcéntajé de ahorros
(x1 - Xz? / Xl

Estadftico t

ac 2
. 2
(X 2'2) ﬁ + fi 1/2
h Ny
Crados de libertad
(nl + n, - 2)

Nivel "de significancia

(el mds pequefio ¢ en la tabla t)
para €l cual el estadistico t
es mayor qua el valor en

la tabla t.




T

58 LM DiA

Figure 5. Roller (side view)



T

58 LM DiA

Figure 5. Roller (side view)



Figure 6. (top view)



Household
cooking
space heat
water heat
light
refrigeration
water pumping
transport

Agricultural Processing

land clearing, plowing, tilling.
fertilizers

water pumping, drainage
grinding

threshing

drying

Commercial, Industrial, and

Public Services

loom/machine drive
firing: Kiln, smithing
space heat

water heat

process steam and heat
light

Trangort

PLANNING TO MEET VILLAGE/MHOUSEHOLD ENERGY NEEDS

Energy Sources

Conversion Technologies

biogas digesters
windmills

water turbines
gasifiers

solar cookers
pumps

photovoltaic cells

Improved End-se Devices

Kinds of Energy Inanimate
heat wind solar
light water biomass
‘% mechanicai direct fossil fuel
power sunlight
Animate
pecple

draft animals

{Adepted from: delucia, et al, 1982)

stoves

lamps

agricultural implements
tractors

carts for draft animals

pumps




Household
cooking
space heat
water heat
light
refrigeration
water pumping
transport

Agricultural Processing

land clearing, plowing, tilling.
fertilizers

water pumping, drainage
grinding

threshing

drying

Commercial, Industrial, and

Public Services

loom/machine drive
firing: Kiln, smithing
space heat

water heat

process steam and heat
light

Trangort

PLANNING TO MEET VILLAGE/MHOUSEHOLD ENERGY NEEDS

Energy Sources

Conversion Technologies

biogas digesters
windmills

water turbines
gasifiers

solar cookers
pumps

photovoltaic cells

Improved End-se Devices

Kinds of Energy Inanimate
heat wind solar
light water biomass
‘% mechanicai direct fossil fuel
power sunlight
Animate
pecple

draft animals

{Adepted from: delucia, et al, 1982)

stoves

lamps

agricultural implements
tractors

carts for draft animals

pumps




ENERGY LOSS OCCURS
AT EACH STEP IN
THE FOOD CHAIN

0%
ENERGY LOSS

T (RESPIRATION , R EAT,
TRANSPIRATION, ETC,)
MRED BY PRiny
@ Ry
%
)

10%
ENERGY
TRANSFER

v

A L
E\il{('\)hmm(\\ \)&\,,, ! '\m;{@‘f&m(\] Wlh\ha e V2o

ENERGY CAPTURED BY PRIMARY CONSUMER ——T ,

ENERGY CAPTURED BY SECONDARY CONSUMER
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Figure 3. World Distribution of S. mansoni

-
T

et

(after, McJunkin, 1975)




S hoemoltobrum
INCIDENCE

W HIGH Ul LOW

- 5. joponicum

Figure 4. World Distribution of S. haematobium and
5. Japonicum (after McJunkin, 1975)
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Figure 25.



GUIDELINES FOR ENVIRONMENTALLY SOUND, SuSTAINABLE, SMall-Scalt WATER PROJECTS

CoLLECT INFORMATION

A %vmm PoysicaL |
FILE ENVIRONMENT

NEEDS IDENTIFICATION
AND
ASSESSMENT

DeFine ProuecT OBJECTIVES

N

ALTERNATIVE DESIGNS

~

CoMamn 1Ty INVOLVEMENT
INSWIATOAN]  ALTNNWWO)

CosTs/BENEFITS
OF
ALTERNATIVE DESIGNS

)

SELECT ALTERNATIVE

|

IMPLEMENTATION OF ProsecT

!

MoniTOR

Figure 27. A Planning Process




Levee — DO e QO .Slape

Figure 26. Border Irrigation



Social Returns. Rank high projects which can be shown to bring cultural and social gatns to the community. Move toward
Tower end as social and cultural gains become less clear and/or the effects of the effort Seem likely to be socially or
culturally descriptive. Rank high a project which enables residents to participate with least risk. Move toward the
lower end of the scale as it becomes clear that participants run more risk, f.e., as their. investment demands a level

of commitment which would have serious consequences were the project to fail. Assume for project feasibilfty that the
smaller the degree of change required in Jocal custom, the easier it will be to get the project underway. Rank as

high projects which require 14ttie change; move lower as more change is required. i

NATURAL ENVIRONMENT

Relevance to Guidelines. Rank as high a project which meets all or most of’thé-guide]ines for an ecologically sustainable
activity. HMove Jower as the project fails to meet these guidelines.

[

Alternative Design #1 (Costs) 1 2 3 4 5 6 7 8 9 10 (Benefits)
economic returns - R o ' +
technical resources
social/cultural
physical environment

Alternative Design #2
economic returns
technical resources
gsocial/cultural
physical environment
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FLAT HEAL SCREW
(2 REPL/IRED)

FIGURESR
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STORD G H
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CAP:SX L/TERS - SOLES.
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T e LAVERS vAPOR.
BARRIER - F MR ES YT
BUILDING POPES



oo
o
pa)
3

3
r"cm*T -~ {Cover

T b LMire {1mm galvanized)
Saldered 4 "//’/‘ Valve 1n place

-] Bem
\\‘. [ -Hole lcm
\
k L~ Valve, Inner Tube
Rubber
Iron pipe 2.5cm
30 ’(/72;’ galvanized,

total length 120cm

12Pressure tank
galvanized Iren

émm pipe soldered

|/ to tank
émm hose-
SmmBolt
Solder ]
Zem Tank Flange
4 an ang
Lo } ’"\’{};;Barrel Metal
2‘ . ~Rubber
£ e Gasket
: Pipe flange
Yl3cmlll Wooden Handle
10¢ e

FIGURE 2
PUMP CROSS SECTION " u



R R

r 3.5m W
bt
T )

Clamps - 2 required 4mm
galvanized wire,

|
Hole .5mm. | 3cm 1
Galvanized

Iron

2cm

Rubber
gasket
truck
tube

Holes Tmm
drilled at
angle

Rubber
Gasket

Galvanized <ron
disk with émm pipe
soldered on truck |
hydraulic Tine may be
used
FIGURE 3
DISK NOZZILF
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A

AGITATOR SPRING
LOCRED THROUGH
2 85MALL HOLES ON
OPPOSITE SIDE OF FPIPE.

INDENTED - NOT CUT QU7

N

/M
FLOOR SOLDERED HERE

FI6&. PETAIL OF PIPE,
PART 18, SHOWING
CONNECTION FOR PRET
/6, AGITATOR EPRING .



o VIEW

FIGURE B . DETAIL OF
PRET 24, PIPE .

p—



WIRE GUIDE
(AA1L5)

FlolkE 2



RIBS —=

f

TUB

W
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DIMENS/ OV 7V At

~/ GLRE B



{OCM HOLE
/

(SHEE#EETA} =
-

sH

i T

/B0

WOODEN HANDLE =

FCMf. ——! —-

AGITATOR ] \

==

A eURE S

e 2 -







WASHER SIDE REMOYED
TO SHOW INSIDE

e CM

-.;-\——~EXTRA HOLES FOR ADJUSTMENT

q0cmM — — N

S wmen | N s

‘ 1!LL2.5' M

FIGURE +
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L 23 M.
SMOINE HoLE
' CAY. 2PrA .

30 CcMr-

—r—— HEN
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2 Rl

IO Cpy.

l2F O,

FIGURE Z THE QUTOOOR

OVEY AEFTER BEING
PLASTERED.



WiNG T

HINGE
ADHERE STENCIL
TO UNDERSIDE o

T FAME

TR/ OER
SLPPORT

REG/STRATION SU708S -
USED TO LINE UFP PAPER

BRASEZORRL O WEOLDEN /
TR E Tose

FIGURE 2. BOLT THE HINGED END OF THE FRAME TO A FLAT
BASEBOARD OF WOODEN 7ABLE TOP,
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FIGURE 1



A
« END PLATE
N
~
BACK PLATE - N\ N
h2cm x 124cm
x 6mm. RIVET TO Y
END PLATES AND |
BLADE 15mm BEND TO FIT SHAPE |
COUNTERSUNK OF END PLATE
RIVETS 10cm C.C. '
LAP |
STIFFENER -~ — 6cm_b— —» 35
PLATES e e
4-10cm x 18cm x bmm BLADE\

1-10cm x 28cm x 5mm
RIVET TO BACK PLATE RIVET TO END PLATES
WITH 4-15mm AND BACK PLATE
COUNTERSUNK RIVETS D B A TERSUNK
FIGURE 3 - ARRANGEMENT OF BLADE, BACK  RIVETS 10cm C.C.

AND STIFFENER PLATES, END
VIEW,

35cm x 124cm x Gmm



SHOES

12.5cm x 6mm x 66cm plate
Rivet to Rumners, 6-20mm countersunk rivets

65¢cm

14.2cm

FIGURE 4 FRESNG RUNNER AND SHOES

Runner
4.5cm x 4.5cm x 6mm Angle
157cm tong {overall
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&Jﬂ- D23 May l
-
832 BRACES SrorF BaR

210 AMnr x Fcrr x 32 cA? .
AMOLES 75 MrF Dig.

Loor
Scar Dr4.

FLATTEN YO 2CM AND
SEvo Ar 30" ANGLE

TAPER 7O SCM AND QEND

AT 30° ANGLE
HANDLE BAR

1ECM YT EM By /680 Crr
(NOFr 70 SCRLE)

FIGURE S FRESNGO BAR BRACES STOFP 8A4R
ANLD HANDLE Bar .

FLATTEN T2
IEM X B eay

SIDE PLATE pRAFT CcLAMP



RO MM DA, BARS
L2 PECM END TO END.
END LOOFPS ScM 1. O

C LEVIS - FRROM

FO MM RFEM X EO Cy
STRAP. BOLY WOLES
‘3 Mar O/A.

20 Mmrt ODovsLE
LOOPS -Scr 1.0 {

- DOK Bor
i SCMRX/ECMH £/832CH

@-.

EVETBoLT
28 Hﬁl’ DA . B RS

VNS4 CAT  END TO END
END Laor.s SCAr 1D

" l ‘E My m}

DRAYET BAR ASSLEMBLY
FISURE 6
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SHBLLOW OrTch TO DIVERT

SURERCE WRATER FROM
TRENCA SO

HILLSIOE SLOFPE
15 TORY M.

FLOOR OF TRENCH SILD SHOULD BE SLOFPED
ABOUT I PER /S M OF S/HO LENSTH FOX
OO0 DPRA/INJGEE .

FISURE 3
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FLOOR CROWNED 2 DEPTMN OF S/ILo wWaotl
FOR BETTER

DR//IN A GE,
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TOP VIEW OF
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WASHER SIDE REMOYED
TO SHOW INSIDE

e CM

-.;-\——~EXTRA HOLES FOR ADJUSTMENT
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WELD

L BRACKET

FOLDED

BRACKET

Figure 3. Templates for a
folded pot support, a
welded L-bracket, and a
complete triangular
support of re-rod. Sup-
ports  should be kept
small so they don’t keep
heat away from the pot.



Figure 4. Template for a grate.
Grate holes are not to scale.
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Knot used to tie warp to
cord on beam.

To release knot pull free
end down.
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The Ceiling Supported Frame Is Now Complete



The Free-Standing Frame is Now Complete

THE MOVING PARTS FOR THIS LO
DESCRIBED STARTING ON PAGE
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holes gon oif]
tubes.

17 diameten

@Subassemb'ly, Left Side.



Subassembly, Right Side.
For ot_her dimensions see @



/4" plastic
oiling tube

048 tube fox
thrust washess

bore to suit bronze 'buA-hf: @ Center Bulkhead. Overall
4" diam .

dimensions same as detai} @,
' note other variations.
@ End Section. ‘




Subassembly, Right Side.
For other dimensions see @
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Size of family:
. 2 to 6 people
- 7 to 10 people
. 10 to 15 people

- 15 to 20 people

1. Who prepares the family's meals

Sex Age
- Women of the house
- Child or relative
- Servant
2. How many times a day do you cook?
Dry season Rainy season
once
twice

three times

3. At what time is cooking done?IBeginning: fire laid
End: cooking is over

Breakfast: from to
Lunch: from to
Dinner: from to

Tinterviewer's observation.



4. What sort of dishes do you prepare for each meal?
Breakfast:
Lunch:
Dinner:
Other preparations between meals:

5. How many pots do you use to prepare each meal
(dimensions, sizes)?

Breakfast:

Lunch:

Dinner:

Pots used for other purposes. Which ones?:
6. The different meals, are they prepared:

. one after the other?

- at the same time?
During During
7. Where do you cook??2 the dry |the rainy
season season
- in the hall

- in the courtyard outside

- in the courtyard under a
roof

- in a kitchen hut

- in a living hut

2ask them why the same women use several different
places to cook.



8. What apparatus and which cooking utensils do you

use?
Stoves Number of answers|Utensils Dimensions
Three stones Canari
Constructed Pot
in banco
Metal stove Saucepan
Other Other

9., Who set up the stove on which you are cooking?
10. Did you participate in the installation?
11. How long have you used it?

12. What kind of maintenance and repairs does this
stove need?

13. Are there any preparations or customs involved

hefore the stove is installed? Who has to make
them, and what has to be done?

14. Did you participate in the construction of your
« . house?
. kitchen?
. 4granary?
« karite stove?

If yes, explain what you did.



15. What new things does the family have, which are
run by women?

Run by|Run by| Run by Run by young
men women |yound men women

Radio receiver

Bicycle/moped

Cart

Parafin lamp

watch/alarm
clock

other

16. Which fuel do you use to prepare meals?3

Number of|Dry season Rainy
meals Season

- wood

- cow manure

- millet straw
- gasoline

- gas

- other fuel

. coal

17. What price do you pay per week for vour fuel
supply?

. a) Number of hours and kilometers covered by
those who go and look for wood by themselves.
How many times a week?

3Specify which women use one fuel exclusively. For
those who use several different fuels, specify for
what purpose, and during how many months.



18.

19.

20.

21,

22.

23.

b)

Sum spent by those who buy the wood:

Among the fuels that you use, which one is:

Number of answers

least expensive

the one that permits
fast and least tiring
cooking

the one you prefer

Classify in decreasing order of importance what
tires you most when you are cooking.

heat
smoke
watching the fire and the pot

various

What do you think of a housewife who is afraid of
smoke? Why?

Do you use the smoke (emitted during cooking)?
If yes, how?

Are certain attitudes and positions recommended or
forbidden while cooking? Which ones and why?

You are presently cooking under certain

conditions.

List in order of priority five things

you would like to change about these conditions.



24,

25.

26,

27.

28.

What method do you use to reduce your consumptio

of fuel?

Do you heat water every
How many times a day?

For what use?

How and when do YOu heat
During meal preparation?

After the preparation of
use more wood?

day?

the water?

the meal? Do you

Do you wish to reduce the time you spend cooking

your meals?

How much are you ready to spend for the

construction of a stove
to save time and fuel?

that would allow you

Price

Number of responses

1,500 CFA
3,000 CFA
5,000 CFA
9,000 CFa




Who will spend the money?
- Yourself
- Your husband

- Who else? .

29. What ideas did the interview suggest to you?

30. What advice would you like to give
improved stoves to help housewives

. Construction materials (banco,
metal)

. Stove that permits the cook to

- Stove that permits the cook to

those who want to build
and families?

improved banceo, cement,

work seated

work standing

- Number of pots that you want to use at the same time on

the fire
- Permanent stove

- Transportable stove

. Stove which uses big and long pieces of wood

. Stove which uses small and short pieces of wood

. Stove without chimney

- Stove with chimney



ANNEX VII {cont.)
B. Housewife interview and observation

IDENTIFICATION

Village/District:
Interview conducted from: to:
Interviewer:
Office/Organization:
Name and first name of the head of the family:
Ethnic group: incomes: Low
Medium
High
Number of spouses:
Total number of children:
Number of children ranging from 0 to 3 vears:
Number of persons eating in the family:
Income-generating activities undertaken by wife/wives:
. Own piece of land: Products cultivated: Annual income:

. Market gardens: Products cultivated: Monthly income:

. Sale and Preparation of dolo: How many times a week: profit

« Small trade: Produsts sold: Monthly profit:
. Wicker work: Monthly income:
. Pottery: Monthly income:
. Cotton spinning: Annual income:

. Hair-cutting:

. Other:
1. Who prepares the family's meals? . Woman of the house
- Child
. Parent
- Servant
Sex: Age:

.~ 69 -



2. When there is more than one spouse, how
preparation of the meals between them?

do they divide the

3. Where do you cook?
During the |During the Why
dry season |rainy season
In the hall

Outside in the
courtyard

Under a roof
in the court-
yard

In the kitchen
hut

In the living
hut

7.

Do the wives use a common stove?

Yes:

If no,
stoves:

Which cooking instrument(s) do you

specify the number and uses

- Three stones:

- Traditional improved stove:

. Modern improved stove:

- Other (specify):

Who set up the stove on which you

No:

use?

cook?

of the different

give local name:

specify which type:
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Figure 28. Detail of nozzte for 12-inch Michell runner
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Materials Account

Item Cost Per Item § Item Total Costs

Total Costs




Materials Account

Item Cost Per Item # [tems Total Costs

Total Costs




Materials Account

Item : Cost Reason Replaced Date Comments

Totals (by week or month)
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TABLE V111 {continued)

Details of Some Available Proprietary Moisture Meters

Meters Under Principles Accuracy
of Action Power Supply Test Speed  (Within % MC) Price Rating Manufacturer/Supplier
Ec.2  Universal Moisture Self- 1-S min 0.2 Over £100 Burrows Equipment Co
T inati '
ester getrminating } 1316 Sherman Avenue
Ec.3 Safe Crop Moisture  Battery, 1-5 min 0.5 £50-£100 Evanston, IL 60204 USA
Tester Mains .
Ec.4  Agil Moisture Meter  Battery Under 1 min 1.0-2.0 Under £50  Agil Ltd., Nicholson House
Nicholson’s Walk
Maidenhead, Berks, England
Ec.5 Hart Moisture Meter  Battery, Under 1 min 0.2 Over £100  Hart Moisture Meters, Inc.
K101, K103 Mains 400 Bayview Ave,
Amityville, NY 11701 USA
Ec.6 ‘Hydraprobe’ Battery Under 1 min 2.0 Under £50 Coe’s (Derby) Ltd.
Copra Moisture Thirsk Place, Ascot Drive
Meter Derby DE2 BJIL, England
Ec.7 Marconi Moisture Battery, 1-5 min 0.5 £50-£100 Marconi Instruments Lid.
Meter TF933B Mains ' Longacre
St. Albans, Herts, England
Ec.8 Protimeter Battery }-5 min 0.5 £50-£100 Protimeter Ltd.
Grainmaster Field House Lane
Marlow, Bucks, England
Ec.9  ScotMec-Oxley Self- Under 1 min 1.0 £50-£100 Scottish Mechanical Light
germinating Industries Ltd.
42-44 Waggon Road
Ayr, Scotland
Ec.10 Siemens Moisture Battery, 1-5 min 0.5 Over £100  Siemens (UK) Lid.
Meter Mains Grt West House, Grt West Rd

Brentford, Middx, England

fcontinued on next page)
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TABLE VIl (continued)

Details of Some Available Proprietary Moisture Meters

Meters Under Principles Accuracy
of Action Power Supply Test Speed  (Within % MC) Price Rating Manufactorer/Supplier
DIELECTRIC CONSTANT (Ed) _
Ed.1  Cera Tester Battery Under 1 min 0.3 £50-£100 A/S N, Foss Electric
39 Roskildevei, 3400
Hillergd, Denmark
Ed.2 Kappa-Janes Battery, 1-5 min Q.5 Over £100  Kappa Janes Electronics
Moisture Meter Mains 27 Stewart Avenue
N Shepperton, Middx, England
Ed.3 Burrows Moisture Mains Over 5 min 0.3 Over £100  Burrows Equipment Co.
Recorder 1316 Sherman Ave,
Evanston, IL 60204 USA
Ed.4 Lippke Moisture Mains Under 1 min 0.5 Over £100  Paul Lippke K.G. 545
Meter FK-R-6 PO Box 1760
Neuwied, Germany
Ed.5 Wile Battery 1-5 min 1.0 Under £50 OY Fima Ltd.
Helsinki 70, Finland
Ed.6 Super-Matic Foss Mains 1-5 min 0.3 Over £100 A/S N. Foss Electric

39 Roskildevej, 3400
Hillergd, Denmark

Ed.7 Transhygrolair Battery e 1.0 Under £50 Les Applications
Industrielles de la Radio
236 Chemin des Vitarelles
Tournefeuille (31), France

Ed.8 Steinlite Meters Battery, 1-5 min 0.3 Over £100  Seedburo Equipment Co.
Mains 618 West Jackson Boulevard
Chicago, IL 60606 USA
Ed.9 Deole 300 Moisture Battery, Under I min ‘e £50-£100 Eaton Yale & Towne Inc.
Tester Mains Dole Division, 191 E. North Ave.

Carol Stream, [L 60187 USA
{continued on next page)



TABLE VI (continued)

Details of Some Available Proprietary Moisture Meters

Meters Under Principles Accuracy

of Action Power Supply Test Speed (Within % MC) Price Rating Manufacturer/Supplier

Ed.10 Cae Moisture Battery Under 1 min 0.3 £50-£100 Canadian Aviation Electronics Lid.
Meter Model 919 Winnipeg 4, Canada

Ed.11 G-¢c-Wyndham Battery Under 1 min 0.5-1.0 Under £50 E.J. Chapman & Co. Ltd.
Moisture Meter . Martley, Worcester, England

Ed.12 C.D.C. Automatic Mains Under 1 min 0.3 Over £100  Compagne des Compteurs {(GB) Ltd.
Moisture Meters Terminal House, Grosvenor Gdns.
Hyb 24, Hyb 25 Battery Under I min 0.5 Over £100  London SW1, England

Hyb 42, Hyb 43

INTER-GRANULAR RH (H)

H.1 Dip-Shaft None required Over § min 1.0 Under £50  Abrax Inc.
Humidity 179/15H Jamaica Ave.
Indicator Jamaica, NY 11432 USA
H.2 Quickiest None required Over 5 min 1.0 Under £50  Opancol Ltd.
Models | and 2 ' 10711 Gamage Building

Holborn Circus
London EC1, England

a,. . e . . . o .
All information in this table has come from manufacturers. The exctusion of an instrument from this table does not necessarily imply the author’s
disapproval of its use with agricultural produce. :



TABLE IX

Commodities and Some Candidate Moisture Meters"

Commodities (+)

2]
>
<
2L £l =
=] Iz 3|3 g
= Z. b5 ]
=1 |~ = ] w o S
PIE|IR|S pYL-IR- & g -
e o HEHHSHEHERBHEERRE
Produce =m§u-m§“§2%=:§§ogm o
Moisture Sample| , E 2la|E|E|e|E] 2|™| 2 TS| ua 5 21
¢ i d ElS|Blejele|(&|(2| &= 8| 5= g Elals =
Meter Content™ Size alZz|£i222|%5|% g 2l e 2|25 2|2 E|ale
Ref. No. Moisture Meter ) @ [B|OICCIOC|C|C|ISIAIE|S|E|EIE|&\&|&E|E|S
C.1 Speedy 0-50 S-M +
D.1 X17 Agat Moisture Meter M M +
D.2 Cenco Moisture Balance M 5-M + |+ + |+ +1 + + +
D.3 Dynatronic IR Moisture Analyzer M S-M + |+ + 1+ +] + +
D.4 ts Crop Tester M L +
D.5 Vacuum Moisture Tester M S +
Ec.l KPM Aqua Boy 2-30 L +l+ 1+ | +1+ + + | +
Ec.2  Universal Moisture Tester 9-40 L + + + + [+ +
Ec¢.3  Safe Crop Moisture Tester 11-30 - + + + +
Ec.4  Agil Moisture Meter 14-30 L +
Ec.5 Hart Moisture Meter K101, K103  Variable M-L + + + + + +
Ec.6  ‘Hydraprobe’ Copra Moisture Meter 4-14 M +
Ec.7 Marconi Moisture Meter TF933B 4-25 S + + + + i+ + +
Ec.8 Protimeter Grainmaster 10-35 M-L +
Ec.9  ScotMec-Oxley 10-25 L + + |+ +
Ec.10 Siemens Moisture Tester 3-45 + +
Ed.1 Cera Tester 8-30 M + + +1+ [+ + |+ |+ |+
Ed.2 Kappa-Janes Moisture Meter 0.5-60 L + + [+ + + +| . + 1+
Ed.3 Burrows Moisture Recorder 6-35 L + + + + + + |+

{continued on next page)



YABLE 1X (continued)

Commodities and Some Candidate Moisture Meters

Commodities (+)

o
3
-
«l o 2
NEICIRE 1k - %
HEEE OlZiz| |3 £
- S Bl.2| w ;] g o —_] 2 o
Range of == 2|S5|8| & 2ol & Sle|T|= o
A =1 S|P 2T E| =] -
Produce =lml &= 2| w|2=|El=2 2|5 S|s|5
. - | w (=] = E w| - [ =1 == = 2| w L = =)
Moisture Sample( | £ Zla|2|E|8|5| & AR glald @
Meter Content® Size” | S S1E|S[8l28|E]2| 2 2lE|2 HEIEFIEEITME
Ref. No. Moisture Meter (%) ® (238|555 SIS|S|S|&]E SR NEANEHE
Ed.4 Lippke Moisture Meter FK-R-6 0-20 L + + +
Ed.5 Wile 10-34 M + +
Ed.6 Super-Matic Foss 6-40 L + + + + + ++1i+
Ed.7 Transhygrolair 9-40 L +
Ed.8  Steinlite Meters 4-36 L +1 4+ |+ + + | +
Ed.9 Dole 300 Moisture Tester 6-30 M + + [+ + + + |+
Ed.10 Cae Moisture Meter Model 919 9.25 L + + +
Ed.11 G-c-Wyndham Moisture Meter 10-30 L -+
Ed.12 C.D.C. Moisture Meters 5-35 L + |+ + + + +
H.1 Dip-Shaft Humidity Indicator M L +
H.2 Quicktest Models 1 and 2 - M L +
Least available number of meters 814297 12 |1 |12|4|5¢4| 2510{713!2|2]9l6|2]7

All information in this table has come from manufacturers. The exclusion of an instrument from this table does not necessarily imply the author’s
bdi.a:a;:q::-rc:wal of its use with agricultural produce.

As used in Table VIII,
M = Max. range encountered in practice.
S = Small (under 10 g); M = moderate (10-100 g); L = large (above 100 2).



Stratified Random Sample

Strata I Ir I iwv v
5 strata 1 | | 1 1 1. The area or volume is
of 5 units divided into equal-sized
each for 2 2 2 2 2 farger units, each of
a total which contains an equal
of 25 units 3 3 3 3 3 number of smaller units.
for 2. The units are numbered
potential 4 4 4 4 4 : equally in each stratum.
sampling 3. A unit for sampling from
5 5 5 5 5 each stratum is selected

by a table of random
numbers {Appendix B).

Some advantages of this system are that locating sampling units is easier, it forces
samples not to be grouped, and it gives a better estimate of variance since less
clumping occurs.



LABUKATORY PORTION

i. Data sheet for information Lo be collected from each ear.

Ear No.of kernels completely damaged Rg:qgikernels partially damaged Wet we
Number? Tnsocts Fungi Bicds | Rats Tuscects Birdg "Rats | of Grain

TOTALS

21f car selected (based on rable of random numbers) is missing, leave blank all spaces
to the right of ear number. Try to determine if cach missing ear is the result of
rodents, birds, dogs, or man. Record observations.

Broeal weight of grain, insects, dust, etc. from cach ear.

2. Total Wet Weight of grain collected (from lower right-hand box above)= Wet wt

3. Combine the grain from all the ears, mix grain 3 times in a Boerner or Camet
Divider.

4. Fill the weighr/volume vessel, then take the grain weight (g) and the percent
moisture content (% me) of the grain in the sample. Record data below:

1 2 3 4 5 Av

Weight /Volume (g}
Moisture econtent (%)
Recombine samples and mix well.

Repeat above process 5 times and average, as indicated at right.

(Figure 11 continued)

And



5, Recombine samples and mix at least 3 times in a Boerner or Gamet Divider.
6., Divide down sample to obtain a series of subsamples, approx. 100 g.

7. Take weights of 100 undamaged kernels from 5 randomly selected subsamples
and record data below:

1 2 3 [ 5 Av 100 kernel wt

Weight (g)

8. Special notes on the samples: .
For instance, number of insects (immatures and adults) per sample, species
of insects present, problems in handling sample (lost or broken sanmples),
damaged container, or spoiled sample.

EXAMPLES OF CALCULATIONS BASED ON THE FIFLD AND LABORATORY DATA GATHERED ABOVE

1. Average Wet Weighr/ear = Total wet wi £ )
No. of ears collected . { )
2. Total Dry Weight = (Total wet wt) - [{Total wet wt) (Av % mc)
Total dry wt = { } - {( I )] =
3. Average Dry Weight/ear = Total dry wt _ ( Yo _
No. ears collecred }

4. Estimated wet weight corn yield/field = (n)(il)(gp)(EWW/e)
field data No. 1 above

( 3 3¢ 3 J_ -

5. Estimated dry weight cern yield/field = (n)(;l(;p)(EDWfE)
field data No. 3 above

{ It 3¢ 3 b .

6. For cther calculations see chapters YT and VIII.

Fig. 11. Example of sample field/laboratory data sheet for maize.



Price Calibration by
(US. % Manufacturer Manufacturer Sample Power Source
March Automatic Digital Only or User Mass Mains Batteries Weight
Brand®  Model Address 1978 Weighing Display Printout (Card) (Keyboard) (g) - Supply (kg)
Other Apparatus
Cedem HD 1000 See above 480 No No No . Yes No 400 No Yes 4
Foss- M.K.-1 1,950 No No Yes Yes 250 Yes No 20
Electric See
above
Cera- 450 No No No Yes 100 No Yes 2
Tester
Chopin ERI-I See above 670 No No No 10 Yes No 10
Tripette
and
Renaund

#As summarized by J. L. Multon and G. Martin (see Chapter VI, Section F).
All instruments use measurement of impedance of the grain, except the two ERAG ovens which use heat drying).



Figure 2
Improved ducks have longer legs and slender bodies.
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Sft. (1.52 m)
10 top of peak
earth floor
61n.(15.3 cm) mud wall

above ground level 15in. (38 cny)

posts 2 ft. (.61 m)
in ground- paint with tar

bamboo or
slat side

shed contains 64 sq. ft. (5.9 sq. m) thatch roof to extend all sides
floor space to within 3 ft. (91 cm)
above ground

all sides open
for ventilation
(slats used)

15in. 38 cm)

mud wall earth floor

door

Figures 7
Building a deep-litter shed



— A

eep litter on {loor

Vil ._ Roost is made with two 4 ft. (1.2 m) poles.
nest Poles should be at least 2 ft. (.61 m)
above the surface of the litter.

Figure 8
A diagram of the floor of a deep-litter shed.




— A

eep litter on {loor

Vil ._ Roost is made with two 4 ft. (1.2 m) poles.
nest Poles should be at least 2 ft. (.61 m)
above the surface of the litter.

Figure 8
A diagram of the floor of a deep-litter shed.




g —_—

deep litter on {loor

feeder

Roost is made with two 4 ft. (1.2 m) poles.
Poles should be at least 2 ft. {61 m)
above the surface of the litter.

Figure 8
A diagram of the floor of a deep-litter shed.
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Figure 9b
Installing and insulating cylinders in incubation room.
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Figure 13
Building the colony cage
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Figure 14
Note the removable wall and roost pole.



Catching Hook

—

| l

=

4.51in. (11.5 cm)

2 in. (5 cm) 1in. (2.5 cm)

2in. (S5 cm)

Used to snag a leg and restrain a chicken.

Grain Scoop
{cross section)

f
!
cut can here  w—————i

.

o

)

A grain scoop made from a tin can.

Figure 45
Miscellaneous Equipment
(Sourcc: Krusch)

\ wooden handle

wood crew

flat washer



50152 m)
to 1op of peak
earth floor
6m, {153 cm) mud wail

above ground levet 15 in. (38 cm}

posts 2 ft. (61 m)
in ground- paint with tar

bamboo or
slat side

shed contains 64 sq. ft. (5.9 sq. m) thatch roof 1o extend all sides
floor space 1o within 3 f1. (91 cm)
above ground

/

all sides open
for ventilation
{slats used)

15 in. (38 cm) .-—-# — 6 in. {15 cm) rammed

.mud wall 3 e - earth floor

door

Figures 7
Building a deep-litter shed
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deep litter on {loor

feeder

Roost is made with two 4 ft. (1.2 m) poles.
Poles should be at least 2 ft. {61 m)
above the surface of the litter.

Figure 8
A diagram of the floor of a deep-litter shed.
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Figure 14
Note the removable wall and roost pole.
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Figure 21

The completed waterer fitted with a convenient handle. Note the platform.
(Source: Mercia, 1990)



== N NNSSSSRNN
NRRT NN
TR

Figure 23
The use of a simple wire-and-wood platform will keep the litter around the waterer
dry and disease-free. (Source: Mercia, 1990)



Figure 24 ,
Gravity waterer. Note the peaked top, which prevents chickens from roosting on it.



o

4in. (10 cm)

\ |2/

61in, (15.2 cm)

Figure 26
Intermediate feeder for chicks 2 to 10 weeks old.
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Figure 27
Feeder suitable for mature birds.



COWPLETED
FLEDERM

BILL OF MATIRIAL
2.5 x3"ne”

ik 1]
N CONSTRUCTION
2-fNDS A3 SHOWK N CUTTINGV
DIACHAM
1 =% X3 X 24" TROUCH BOTTOM [NOTE: OLD ORanGE

| =1 X35 K24 TROUGH BOTTOM |LEMOM A LETTUCE

- CRATEY wavy BE
z-Ya i x 24" LIPS USEO FOR THESE
3-"x'x 2" ACEL CORCS FCEDERS

4=l xiax 34" siATS

The “V" shaped feed troughs are more
waste proof and filth proof and hold
more feed than the flat bottom troughs.

o

Figure 28
“V"-shaped feed trough.
(Courtesy, Nebraska State University)



The swivel crosspiece prevents roosting,

This feeder can be raised or lowered
to fit different sizes of birds.

Figure 29

Some good types of feeders.
(Courtesy, University of California, Davis)



Figure 32
A simple brooder can be made using a cardboard box. It can be fitted with a 60-watt
light bulb or a kerosene lantern. Skirting (cloth) fastened around the open edges of
the box is not necessary, although it does help to conserve heat.



Record of Income from Eggs and Birds

Month Year Date Hatched Date Housed No. of Birds
EGGS EATEN,
EGGS SOLD GIVEN AWAY, OR BIRDS SOLD, EATEN, OR DEAD
BROKEN
Date No. Value Value No. Value | « Value No. Yalue | Value Total
per per per Value
Doz Doz Bird
Total this Month
Previous Total
Total to Date

This record keeps track of all eggs sold, ¢aten, given away, or broken. It also lets you know how many birds were sold, eaten, culled, or

found dead.
Figure 43
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Front View: showing roost poles, nest boxes, and brooder.
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Overview (with roof removed)
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Front View: showing roost poles, nest boxes, and brooder.



ROOST POLE

Side View
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wire or
ring Bradim
JOINT FOR CONNECTION . ?
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DOUBLE BUTT
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FIGURE 11--Joints used in building with bamboo.




Single deadman anchoring two posts.
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82. Entada africana Guill, & Perr.

83. Entada sudanica Schweinf.
Alsc see APPENDIX B

CHAD ARABIC dorot HAUSA tawatsa

BAMBARA dlamba KANOUR] falofaia
samanere MORE slanlogo
FULANI {ado-wanduhl

. Use for flrewood, medicine



MEAN ANNUAL

RAINFALL .
ZONE SUB-AREA (in millimeters) GRASSES BUSHES & TREES SOILS
Terminalia Ferruginous Soils: See
Butyrosparmum "Shrub Savanna".
SAVANINA - 900-1200mm Thick, tall grasses Parkia
Borassus
soberiinia doka Ferralitic Soils: Begin

Khaya over 1200mm rainfall. Cation

1200-1600mm Hyparrhenia exchange capacity very poor,
Andropgon S103/A1203 ratio less than

gayanus 2, Often, these soils are

very deep. (Oxisols USDA).
Similar to laterized* red
earth soils of East Africa.
Sometimes layers of iron
oxides but not as common as
in ferruginous soils.

Low Fertility
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1000-1500 40-60
1500-2000 60-80 SOUTH AFRICAl
(Walvis Bay)
Over 2000 - Over 80
[+] S(I)O l0.00 miles

T
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VEGETATION AND SOILS

MEAN ANNUAL
RAINFALL

ZONE SUB-AREA (in millimeters) GRASSES BUSHES & TREES SOILS
Salvadora Undifferentiated soils: less
Leptadenia Acacia radiana than 30cm deep; sub-desert
SAHEL 2%, . 0-200mm Ir%stida Some Balanites sands in hot dry climate --
Panicum often rich in carbonates
p ) and soluble salts.
GRS
“{EVFE
Aristida stipoides Brown Soils: Highly saturated
Cenchrus ciiEar?s Acacia non-kaolinitic clays; fairly
SAHEL - - 200-500mm Schoenfeldia Comiphora fertile but dry.
2, 0A gracilis Some thickets
Acacia nilotica
Terminalia Ferruginous Soils: Begin
Anogeissus here often contain impermeable
ovier locations) layers of iron oxides. Out-
Acacia albida crops form “cuirace". Si0z/
SAVANNA g 500-900mm Hyphaene thebaica Al,03 ratio around 2. Cation

Guiera senecalensis

Annona senegalensis

Ziziphus
Bauhinia

exchange capacities rather
poor. Free carbonates are
lacking, but free iron oxide
is common.

Range: 500-1200mm rainfall
(See also YWooded Savarnna)
Fair Fertility



MEAK ANNUAL
RATHFALL
SUB-AREA {in millimeters) GRASSES BUSHES & TREES SOILS

Terminalia Ferruginous Soils: See

Butyraspermum "Shrub Savanna",
SAYANRA 900-1200mm Thick, tali grasses ParEia
Eorassus

soberlinia doka Ferralitic Soils: BReqin
Khaya over 1200mm rainfall, Cation

SAVANNA Ty Tk i 1200-1600mm Hyparrhenia exchange cazpacity very poor.
e I KnSroEgon Si0z/A1203 ratio less than

gayanus 2. Often, these soils are
very deep. (Dxisols USDA).
Similar to laterized* red
earth soils of East Africa.
Sometimes layers of iron
oxides but not as common as
in ferruginous soils.

Low Fertility

* The term “laterite" is frequently used especially in connection with tropical soils, In spite of voluminous writings it
is not possible to define this term to everyone's satisfaction. In its purest sense the following description s given:
“zone(s) rich in sesquioxydes (Ala03 and Fep 03) that, when cut into bricks, become hard as they dry."

Geo1qgist§. on the other hand, frequently use the term to describe ferruginous leyers, already hard and cellular or clin-
kerlike, including concretionary coatings of iron oxides.

As a given parent material is slowly transformed into laterite under the influence of its exposure to a certain climate,
?reat fhcm1c§1 chanqes_take place to considerable depths. Much of the original silica is removed. Aluminum oxide
{A1203) leading -- in its purest form —- to commercially exploitable accumulations of bauxite,




ZONE SUB-AREA

MEAN ANNUAL
RAINFALL
(in millimeters) GRASSES BUSHES & TREES

SOILS -

SAVANNA

Patches of moist
forest surround Hymenocardia acida

1600-1750mm areas of dense, Lophira lanceolata

coarse savanna
grass.

over 1750mm

Ferralitic Soils: Ferrisols,
Kaolinite and oxides in clay
complex. See also "Woodiand".



Fig. 9
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LEG TEMPLATE PIECE 4
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Labor Account

Name

MAINTENANCE

Alsg down time
Hours & Date Repair Done Rate? Pay?

wm | N

Materials Account

Item

Totals (by week or month)

Cost Reason Replaced Date Comments

S 7S T F b )

5

Totals (by week or month)

KA



CONSTRUCTION

Labor Account
Hours Worked
Name Job M T W T F S S  Total Rate? Pay? &

o | W 1Y

Totals |




Materials Account

[tem Cost Per Item # [tems Total Costs

& (W N

Total Costs
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Figure 2. Diaphragm pump (top view)
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Figure 3.
(front view)
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Figure 6. (top view)



FPigure 7. Handle arm schematic



Figure 6. (top view)



Figqure 6. Double valve piston assembly
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Figure 10
Upper frame assembly
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Fiqure 14. Pumping water out
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~ Figure 16B. Portable solar water heater
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Table 3. Manure production and characteristics.
Approximate daily production per 1000 Ib animat weight.

X Dairy Beef Swine Sheep Poultry
Parameter cow feeder feeder feeder Layer Broiler

Raw manure (RM) We, /day B2 60 65 40 71
Feces % RM 69 71 55 50 —

Total solids (TS) We./day  10.4 6. 6. 10.0
X RM 12.7 11. 9, 25

Volatile solida (VS) We. /day B.6 5. 4, B.5
X TS 82.5 80 85

B0I35 Wt. /day 2, 0.9
LTS 33 3.0

COD Wt./day 5. 11.8
£ TS g5 118

Nitrogen Wt./day
(Total, as N) % TS

i
i

s =} =
oo on
-

u

Phosphorus We. /day
-(as P) % TS

Potassium Wt. /day
{as K) X TS

RO OO WD
-]

v~ S O
~]
[N

0
7
0.
2
0
4

“Raw manure: Feces and urine with no bedding.

Feces: Solids and liquids in feces as %RM. Urine as %RM = 100 - % feces.

Total solids: The sum of dissolved and undissslved constituents in water or wastewater. :

gglatile solid'ls‘: The quantity of solids in water, waslewater, or other liquids lost in ignition of the dry solids at 550° C:
+ ash = TS,

BOD;: The oxygen used in the biochemical oxidation of organic matter in 5 days at 68°F. A standard test to assess

wastewater strength.

COD: A measure of the OXygen consuming capacity of inorganic and organic matter in wastewater. An analytical

Mmeasure not used in engineering design.

Source: American Society of Agricultural Engineers, data adapted from Committee S&E-412 report AW-D-1, Revised
6-14-73.




Table 2. Daily manure production.®

Animal Size Total manure production Water Density TS Vs BOD Nutrient content
pounds 1lb/day cu ft/day gal/day % 1b/cu ft 1b/day 1b/day 1b/day 1b/day P 1b/day K 1b/day

(1) (2) (3) (4) (5) (6) 7 (9) (10) (11)

.06 .010 .04
.10 .020 .07
.20 . 036 14
L4 .073 .27
- 57 .102 .38

Dalry cattle 12 .19 . .3
20 .32
41 .66
82 .32
-85

QOO
june e B B e e
OO

.17
. 26
.34
.43
.36

.12
.19
.24
L3
.26

. 056
.84
.11
.14
.12

Beef cattle 30 .50
45 .75
60 .0
75 .2
63 .05

oe e R e Y e
oo o0Q
[ Mo B =N ]

Swine

Nursery pig
Growing pig
Finishing pig

L0052 .010
.0098 .020
iy -045
-030 . 059
.021 040
.076 .15

.026 .051

Gestate sow
Sow & litter
Roar

0. 0
0. 0
0. 0
0. 0
0. 0
0. 0
0. 0

]
=

Sheep . 0066 .032

Poultry
Layers 4 . . . . 60 . . . . .0011 L0012
Broilers 2 . . " . . . . .00054 00075

Horse 1000 45 .75 . . 60 9.4 7.5 . L0486 .17

"Data are derived from Table 3: PNot ASAE data: assu mptions:
{1) Ib/day = animal wtx RM inlb/day per 1001b cow = 1.05cu ft /day
1000 gestating sow = ' of ASAE data for her weight because she’s
{2) cuft/day = |lb/day + density limit fed.
{3 gal/day = 7.5 x cu ft/day sow & litter = ASAE data for her weight + 8 pigs@ 1.0lb/day.
(4) Water % = 100 - % RM of TS from Table 3. boar = %% of ASAE data for his weight because he's limit fed.
(5) density = best estimate. not ASAE data.
{6} TS = |b/day x TS ans % RM from Table 3.
{7)-{11} lb/day of element = TS x i TS of element.




Spiral ridbbon of 50 gallon drue
stasl about X inch thick

by 2 or ) inches wide,

hasted and bent to maha spiral
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Figure 1. Ribbon Mixer
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Figure 7. Clay Shrinkage Phases.

Note: shrinkage occurs twice: first, when clay is
dried, and "again, when it is fired. |
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Fiqure 17. Pour Views of an Indirect Evaporative Cooler

Source: Adapted from "Investigation and Development of Indirect
Evaporative Cooler Using Plastic Heat Exchanger,” by M. Singh and

K. Naravankhendkar, Mechanical Engineering Bulletin, Volume 13,

No., 2, June 1982: 61-65.
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flexible 1o provide an efficient work flow. Itshould be fairly simple to arrange machines and operations accordingly.

Floor plan should have at least 4,000 square feet of room. Flow of work should g0 as indicated. The lavout is
Note the importance of having space for a designer/pattern-maker.
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