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Abstract

Fixed wing agricultural aircraft apply approximgteio% of the fertiliser used in New
Zealand, the majority of which is applied in hibuntry. The amount varies from

approximately 600,000 tonnes to 1.2 million tonpeisannum.

About 100 fixed wing aircraft of various types amegaged in agricultural operations
throughout the country and the safety record has lo¢ considerable concern; the
Civil Aviation Authority (CAA) of New Zealand repbthat there are 12 serious

accidents per 100,000 flying hours which result oleaths, almost 2 annually.

Agricultural aviation stakeholders, including, tBepartment of Labour, Civil
Aviation Authority, New Zealand Agricultural Aviain Association (NZAAA)
and Federated Farmers are trying to reduce the euaibincidents in the sector by
establishing guidelines for airstrips, fertiliséwrage facilities, their use and application

from them.

A large proportion of incidents have, as contribgitfactors, poor flowing product
which cannot be jettisoned in time to avert andea, collisions with obstructions
near the airstrip (20% of all accidents are aitdnéfing fences in proximity to the

airstrip) and damage to aircraft due to an inaptgsurface, such as rutting.

The New Zealand topdressing industry handles maogugts of which only a few
are homogenous e.g. Urea and fresh Di-ammoniumpblads. The majority of

spreading being undertaken involves products \aithd variations in particle size



and moisture content producing particles from fihest to concretions. These
characteristics make it very difficult to achiewventnuous flow and even spreading
from an aircraft. There have been a disproportemaimber of accidents and near
misses in the New Zealand topdressing industry hhaé occurred whilst spreading
agricultural limestone (lime). Lime has been idBati as being particularly

problematic and is being used as a focus for thdys Superphosphate, which is used
as a flow standard in New Zealand Civil AviationtAarity rules, is used as a

comparison in powder flow engineering experiments.

This thesis is a prescribed project concerned sotling specific problems for

industry mainly funded by the Fertiliser Manufaetst Research Association.

Specific objectives/aims of the project:

1. Quantify the flow characteristic of products bespgead and identify risks

within the system, identifying risk materials arskrsituations.

2. Develop a better understanding of material varigpiin terms of
characterising the different deposits used aroued Mealand and relating

these differences to flow properties.

3. Develop a better understanding of the mechaniseating the variability in
flow properties that relate to production processessport and storage and
finally loading and spreading with topdressing raificof the different limes

used in New Zealand.

4, Quantify system performance in terms of economa emvironmental

impacts.



5. Identify suitable test methodologies that can bedusithin the industry to
determine whether a product is fit for spreading s flow characteristics.
These would be dispatch tests at the lime quarrieritiser plant and a

flowabiltiy test as the material is loaded ontodireratft.

6. Identify design criteria that determine the perfance of aircraft in relation to
safety, flow control and spreading performance. KMaith the interested
parties to improve work quality and safety assedaivith agricultural

aviation systems.

Flow properties have been quantified using a stesting regime and engineering
design parameters established for mass flow hase taiculated from interpreting

the powder flow functions. However, as the matdr@h each quarry has variations
in particle size distributions caused by factorshsas the moisture of the parent
limestone, age of the crushing hammers and timegheushed; the results are only
an instantaneous solution. All commonly used prtslagcept lime are free flowing

and shear testing was undertaken on superphosamafdes as a comparison. All the

limes tend to be on the cohesive — easy flow baynda

Limes from throughout New Zealand have been cladsify mineralogy, have been
analysed by thermal decomposition and have hadritieguidentified through X-ray

diffraction. Although there were differences in fheticle size distributions and loose
and tapped bulk densities between the limes, hgtiyomometry testing showed the

limes to have similar particle densities.

In order to achieve free flow conditions with theseducts they require modification.

The simplest modification that proved effective Wl removal of fine particles.



This had the effect of reducing the particle simdridhution which is important in
reducing the packing density and cohesive strefidils. was also achieved by only
having particles within a narrow particle size ngy removing the fine particles the

cohesive strength was reduced and the materiaésfresr flowing.

Although this can be done there is clearly a cogblved, the industry is already
struggling with reduced demand and any increasmsh is likely to be unwelcome
even though it could help to save pilots’ lives amghrove the quality of spread

achieved.

This thesis considers three aspects of topdresssig in order to estimate the actual
costs of spreading fertiliser and lime. The questiposed are; what are the actual
costs of operating the two main models of airdtaftn in New Zealand? What size

of aircraft fleet is required to fulfil the spreadirequirements? What are the on-farm
infrastructure costs that also need to be considererder to calculate the true costs

of servicing the application of fertiliser to oull kountry sector?

Topdressing services mainly the sheep and beafrseshich contribute 22.5% of
New Zealand’s agricultural output. Farm income his tsector is nearly $4 billion.
Application of fertiliser is important to sectorgoluctivity and the possible collapse of
the topdressing industry would have far reachingsequences for these farming

sectors and New Zealand’s export earnings.

The model finds that there is no financial retunrcapital invested in the industry.

Therefore, the best returns are found by applheniiser from old aircraft with aged



support vehicles all with little capital value. $hg clearly unsustainable as even old

aircraft require large injections of capital peraadly to maintain airworthiness.

As fertiliser prices have increased, applicatiotesahave fallen, which increases
application cost per tonne applied. The agreeddfigeice charging model is
traditionally based on an application charge penéo It is likely that farmers
perceive increased application charges per ton@epaice increase, whereas it is only

compensating the applicator for the additional toheowing at a lower rate.

It is clear that although farmers buy fertiliser @rost per tonne basis this is not the
activity based cost driver for the aerial applicatBonverting the cost per hour
aircraft cost driver, to a cost per tonne for clwggfarmers; is confusing as
application charges alter by rate and product. imtlastry needs to alter its charging

mechanism to a cost per amfét flying hour activity based charging regime.
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NOMENCLATURE

Shear stress (Pa)

Normal stress (Pa)

Bulk density (kgrii)

Angle between cohesive arch and hopper wall

Acceleration due to gravity (A)s

Depth of arch supported by unconfinedblystress (m)
Unconfined yield stress (Pa)
Maximum consolidated stress (

Length of narrowest sides of a rectanguiéice (m)

Length of longest sides of a rectanguldice (m)
Radius of circular orifice (m)

Intensity of reflected X-rays

Incipient yield locus
Wall yield locus

Maximum consolidation stress (Pa)

Critical applied stress (Pa)

Unconfined yield stress (Pa)

Critical applied stress (Pa)

Hopper half wall angle
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H(a) = Hopper half angle divided by 60°

) = Angle of internal friction

Oe = Effective angle of internal friction

¢ = Angle of wall friction

G(¢r) = Jenike function for funnel flow is 4.3i@

y = Bulk density multiplied by acceleratiomecto gravity (kgrifs?)
P = Pressure (Pa)

ff = flow factor

T = Tensile strength (Pa)

V = Volume (M)

K = Beverloo constant for mass flow rate

M = Mass flow rate (kg

k = Beverloo constant multiplier for mean particteesand shape
d = Mean patrticle size diameter (m)

h = Head or height of bulk solid in a silo)(m

B = Angle between cohesive arch and hopper wall

g = Acceleration due to gravity (f)s

A1 = Depth of arch supported by unconfinedtystress (m)

uys = Unconfined yield stress (Pa)

MCS = Maximum consolidated stress (

D = Diameter of circular opening and diagama¢ning of a square orifice (m)
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