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CHAPTER 1

INTRODUCTIOR

In 1987 nearly 350 000 miners were completing main
shifts daily in South Africen gold mines. Typical virgin
rock temperatures they experienced were close to 40
degrees Celsius. The mean rock breaking depth was over
1 00 m below surrace. To maintailn working conditions
in these mines at a standard acceptable for health
productivity and safety, large quantities of fresh

ventilating air are required.

This air is used to convey heat, control dust and
nazardous gas concentrations and provide oxygen. The
driving torce tor the flow of ventilatilg air is
provided by extraction fans. The resistance to air flow
through the mine is considerable as each mine represents
severel kilometers of tunnei. Lloyd(l) notes that
pressure ditferentials of up to 9kPa, between intake and

exhaust, are required to maintain an adaquate air

supply rate. Energy  consumption of  ventilsting

equipment and consequently their running costs are high.

Since 1975 the cost of ESCOM power to gold mines has
increased sharply from an averads of 0,66 cents to 4.72
. K 1! cents per kWh in 1986. The rate of increase as depicted

oy in ESCOM's Statistical Yearbook(2) is illustrated in




figure i.1. Ten percent tariff incresses were imposed in
January and November of 1985 and January and July of
1985, These rapid increases have been attributed to a

falling Rand and copcoaitant high finance charges.
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Figure 1.1 Average cost of power to the mining

industry. ESCOM’s 1986 Statistical Yearbook(2)

The mining industry currently :onsumes 27 percent of
ESCOM’s total power production., An estimated simul-
taneous peak demand of 4 000 MW was attributed to mines
in 1985, ODuring that year the national psak and average

generating rates were 17 65z MW and 12 820 MW raspec-
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tively, The increase in power cost has had a merked
etffect on mining costs. For an average gold mine power
represents ten percent of working costs. In the -ase of
Western Deep Levels this figure is approaching 14

percent, with peak demands around 175 MW.

Hauptfleisch(3) recently reported that the ventilation
plant on  Vaal Reefs No. 2 Shaft had consumed 2 521 MWh
during ome month. The corresponding figure for a vaal
Reefs No. 8 Shaft was 3 022 MWh. The total emergy
consumption for these two centres was 16 134 and 3§ 758
MWh  respectively. Main ventilation fans on this mine
are responsible for more than 10 percent of the total
energy consumption and probably more than one percent of

the total mine running costs.

Large consumers of electricity in South Africa pay for
power in two ways. In 1987 a charge of 2.787 cents was
made for every kwh of electricity supplied. A further
charge is made based on the maximum rate Of energy
consumption during each month. This was R15.65 per KW
per month (1967). The make up of power costs is fully
detailed in Appendix A. In order to minimize the heat
ioad transferred from the rock to atmosphere
underground, mine fans are run contiruously. This
aggravates the cost of running as each unit carries &

full share of maximum demand charge.




v » A severe limitation regarding the minimizing of fan

power consumption is the problem of metching wine system

I and fan characteristics. The environmental engineer is
3 able to design his system reasonably accurately, but the
system is dynamic and changes continuously. Typically a
new fan will be faced with high pressures and a
relatively low flow requirement. This is due to the
shaft being sunk to its full depth with little further
developmant having taken place. The volume reguirsment
increases and pressures fall as more levels are opened
up and booster fans are installed. Planned areas to be
mined may alter from year to year, depending on their

financial viability,

The fan manufacturer selects his equipment to match a
planned series of duties. When tae fan is installed and
the system beging to deviate from design, the
environmental engineer has to live with an increasingly

inefficient plant.

Most surface fan duties on gold mines favour the use of
centrifuqal fans. This type of machine runs &t a lower
tip speed for the high pressures required, resulting in
lower noise levels, erosion rates and impeller stresses.
The configuration of the radial flow machine makes it
easy to arrsnge a vertically upward discharge. This is
desirable to minimize tha nuisance of large guantities

of water which are conveyed up from underground by the




air  stream. Centrifugal fans towever  lack the

tlexibility of variable pitch axial flow fans which are

able to cover a wide range of duties at high efticiency.

The scope of this dissertation is limited to identifying

means by which ceptrifugal fan installations may be

designed to provide efficient cperation in spite of the

practical difficulties .nvolved. Literature reviewed

showed that several avenues of investigation into power

saving in mine ventilation systems had been followed

Fan control mechanisms and the flexibility of axial flow
fans are documented in detail. The problem of a changing
mine system resistance and the consequent deterioration

of fan efficiencies has been recorded by Stroh(4}.

Environmental engineers have been interviewed to

establish the nature and extent of the problem. The

cnange of mine system resistance with time was obtained

for several mine shafts. Suppliers of ventilation

equipment have been approached to obtain the cost of

equipment invalved. As capital costs are small relative

to energy costs, consideration has been given to chang-

ing fan impellers part way through the life of the

fan.

Aspects of centrifugal fan design theory are discussed

briefly. A computer program, which can run on IBM

compatible personal computers, has been written to
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calculate minimized fan owning cost over the life of the

installation. The basis of this software

obtained using it are presented.

and results




CHAPTER 2

LITERATURE SURVEY

2.1 Introduction

This literature survey reviewed work relating to energy
saving in the entire mine ventilation system. Emphasis
for this report was placed on fan and system inter-

action. Four main points were revealed.

L The mining industry has been aware of the potential
energy savings which may be achieved by paying attention
to the design of details in the ventilation system. Much
work hae been done in this respect over the past thirty

yaars.

2 The need for flexibility in fans has been audressed.
Literature in this area has focussed on the use of axial
flow fans with adjustable pitch blades. These machines
ara not favoured by South African gold mining engineers
and in recent years have only been used as surface fans

on isolated occasions.

3 variable speed motors are often cited as & means of
tan output regulation. Their effective use is limited to
applications where the fan operates on a fixed system

resistance.




B

4 The possibility of changing a centrifugal fan
impelisr’s geometry, part way through the life of a
mine, has been documented. This may be desirable to

match fan performance to a changing system.

2.2 Ventjlation system details

A gold mine ventilation system consists essentially of a
downcast shaft through which air is introduced to the
mina. This air circulates through the mine aad is
returned to an upcast shaft which channels it to
atmosphere via a surface fan installation. A typical
system is jllustrated in figures 2.1 and 2,2. The upcast
and Qowncast airways may be separate and  some distance
apart or, more commonly, they occupy the same circular
concrete lined shaft and are separated by a brattice

wall,

The downcast shaft is equipped to allow several skips
and cages to operate. These convey men, materials and
ore between surface and the underground workings. ThLis

section also contains pipes and cables for water,

compressed air and electrical power. Structural mempers
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re the skip and cage gquides in positicn, are
eferred to as buntons. These span the shaft at

intervals and represent an  appreciable




resist: ¢ to air £low. For thi- reason air velocities

entering b . mine are Kept at moderate levels (between

10 and 12 ' ., and th buntons are usually streanlined.

A series of horizontal passages or haulages carry fresh

air from the downcast shaft to the ore body at different

depths. Velocity in the haulages is usually less than 5

ol wss.  Flow rate at different levels is balanced by
reguiators or the use of booster fans. At the reef the
flow is distributed across the width being worked by a
cross cut tunnel. From here the air fellows the reef up
two or three levels, picking up heat, dust and fumes. Tt

is then rejectad to the upcast airway.

The atmosphere in a return airway 1s hignly corrosive.
This passage is therefore unsuitable for housing pipes,
caples and buntons. Large guantities of water vapour
Zondense out as the air travels upward, expanding.
Higher velocities are required to convey this water to
‘urtace and values between 1 and 20 m/s are common. At
the top of the upcast airway the flow is turned through
90 degrees into the fan drift. This short horizontal

airway usually splits into two or three branches serving

different fans. Each branch contains a self closing door

s B to avoid short circuiting when one or more of the

< surface fans is stopped. Velocities here are often

! greatly reduced to encourage entrained water to Grop out

\ and be drained away before entering the fan.

t 11
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Greuer(s) described work carried out to reduce pressure
losses in shatts. The investigation was carried out at
The Mine ventilation Research Centre in Essen, West
Germany. Emphasis in this investigation was on reducing
losses by streamlining buntons. His paper relates work

done in Germany to results obtained in South Africa.

Ia 1965 Chasteau and Gillard(6) produced their work
describing methods for predicting the resistance to air
flow of equipped shafts. They concluded this work by
claiming their amalytical method could achieve rasults
with an uncertainty of less than 15 percent. Downcast
alrways are usually equipped and are responsible for
approximately thirty percent of the total pressure loss

through a mine.

#uch of the design data on losses in equipped airways

has been summarized and correlated by Quilliam(7).

In mors recent years the bend at the top of the upcast
shaft, which connects the mine return airvay to the
exhaust fan, has cowe into focus. Model testing, ta
optinize the proportions of these bends for particular
installations has been conducted by Eschenburg(s) and

wrigley(9).




Recirculating ventilating air underground is a way of
limiting mass flow rate and pressure rise requirements.
it is therefore a valiable means of saving main surface
fan pover. The evaluatior of such a system at Loraine
Gold Mine has been described by Burton et al(10). The
implementation of recirculation increased productivity
in the area concerned and confirmed that harmful gases

do not accumulate.

2.3 Fan and system interaction

when a fan runs, pressure (ncreases from inlet to
discharge of the unit. An average total pressure on the
fan discharge may be neasured using a pitot tube and
manometer. Similarly 3 pitot tube traverse across the
fan inlet yields an average inlet total pressure. The
difference between these two pressures is defined as the
fan total pressure rise. Fan static pressure rise is
defined in BS B43:Part 1:1880(11) as the total pressure

rise, less a dynamic pressure on the fan discharge

Fan static pressure may be measured 2s the difference
between an average slde tube reading at the fan
discharge and a facing tube on the fan inlet. In the
special case of a mine exhaust fan, where the discharge

is open to atmosphere, a side tube reading beconmes




negligibly small. A facing tube on the fan inlet
therefore yields an uccurate fan static pressure. A
sirgle side tube reading on the fan inlet side is often

used as a measure of fan pressur~ rise. This technique
gives a Ean static pressure rise which is too high by

cne velocity pressure on the fan iniet.

.n this report the term fan pressure rise implies fan
static pressurs risa. Static pressure is an appropriate
parameter to use as it is this pressure which balances

the losses in a mine system.

Figure 2.3  shows @& typical centrifugal fan
characteris ic. Curve A-A depicts the unit’s pressure
rise capability against volume flow rate. Cusve B-B
represents & mine system characteristic. This is the
pressurs required to force & given volume of air through
the mine system per unit time, Hall(1l2) specifies this
curve as a square law line passing through the origin.
Curve C-C shows the fan’s efficiency plotted against
volume fiow rate. If the fan inlet and discharge were
both unrestricted and open to a.mosphere the unit would
generate no static pressure rise. Flow rate would be a
maximum and the unit operates at point 1 on its

characteristic.

When the fan jnlet is connected to a mine system both

the fan snd mine characteristics have to be satisfied

14
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Figure 2.3 A typical main surface fan performance

characteristic.

simultanecusly. The unit now operates at point 2. Fan
efficiency under these conditions can be read from the

efficiency curve C-C and would correspond to point 27,




The mine system characteristic may be changed in various
ways. Closing a door underground would restrict the flow

through the mine, Increasing the system rasistance

conversely, installing a booster fan in a branch of the

mine would reduce the system resistance, causing a

higher air quantity to flow in a unit of time. Such a

modified system is indicated in figure 2.3 by line

B’-B/. In this case the fan wouid operate . point 3 and

the operating efficiency would decrease to point 3/.

1f this change in system resistance is large enough the

drop in efficiency becomes significant and operating

costs rise. This is the problem which environmental
engineers frequently encounter.
around the flewibility of

In & recent paper centred

axial flow fans, Marples(13) makes the following points
For equal pressure rise capabilities axial flow fans
mast run at substantially higher blade peripheral speeds
cited an axial

than centrifugal fans. In the example

fiow fan had to run at a tip speed 67 percent nigher

than the corresponding radial flow fan.
Methods of fan output control discussed by Marples
include:

a. Damper control.

b. By pass control.

16




c. Adjustable let guide vane control.

d. variable blade pitch control.

e. Speed control using variable speed motors,

variable speed coup)ings and multi-speed motors.

Item d. can only be applied to axial flow fans. Items a
and b. are not energy efficient control devices, pre~

cluding their use on large mine ventilation fans.

Speed variation is a highly efficient means of fan
control provided that the system on which the fan is
operating has a constant square law characteristic. On
varying systems, speed control can be used in

conjunction with other control devices.

Marples describes the promounced stall region which is
evident in high efficiency axial flow fans. This
unstable region of operation can be avoided by employing

an impeller with blade pitch variable in motion.

This author doss not mention the possibility of
replacing fan components periodically to cope with a
gracually changing system characteristic. He does
discuss systems found in mining, tunneling and process
plants where both resistance to air flow and flow rate
requirements vary substantially. He points out the
energy saving advantages of using variable pitch axial

flow fane to meet these variations.

17
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¢ B tackiid) shows the relative efticiencies of various
Lo control devices on a square law system characteristic.
Under these circumstances the variable speed control and
variable pitch axial flow tan are shown to be at an

advantage. This is illustrated in figure 2.4.

Wallis(1>} addressed the problem of varying resistance
seen by mine fans. He proposed that as wear due ta

abrasion and corrosion  and general  mechanical

deterioration limit the 1life of a fan, duty points
shoula be specified for the envisaged life of the fan

rather than the life of the mine.

To give manutacturers a clear view of the range of
duties which may be required, be suggested specifying
the pressure and volume requirements as a block on the
fan performance vurve rather than a single point. This

is shown in fiqure 2.5.

A list of possibilities for fan control was given. These
are aimilar to those listed by Marples hut include

adjustable vane trailing edges for centrifugal fans.

In his section entitled “flow Control® Wallis made

reterence to the tact that substantial loss in

efticiency can be expected when the operating conditions

vary signiticantly from the original design point. Again

B I VS
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ranges for various methods of controi. Fresented by

Lack(14).
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Figure 2.5 A proposal for the presentation of fan

duties. (Wallis(l12}).

this author was clearly in favour of the use of axial
flow fans with adiustable blades and pointed out that
high efficiencies wsre available over a wide range of

duties.

20




lis sestion entitled “Reguiation’ was ended with an
example of the eneray saving that can typically be
achieved by using an underground bootter in the mine

network branch having the highest pressuve loss.

2.4 Some problems related to mine fans in South Africa

2.4.1 Main fans at Blandsrand Gold Mine were operating
at & pressure lower than tne original design figure

This resulted in a fan efficiency of 71 %.

Stroh(4) presented a case for rewinding the driving
motors to reduce rotational speed from 600 to 500
rev/min, The design flow rate could then be achieved by
operating three fans instead of two. Efficiencies would
increase by 14 points to 85%. The cost of rewinding the
wotors was approximately R 100 000,00. The annual saving

in power costs would exceed R250 00D,00.

The possibilitles of varying rotational speed
redesigning or modifying existing fan impellers, to

improve efficiency, are mentioned.

2.4.2 The guestion of long term fan efficiency was
addressed by Drummond(16) in 1972. Methods of measuring
fan performance on site received attention. The results
of seventeen tests on six different installations were

presented. Only two of these tests revealed efficiencies

Y VPN




wnich were in line with the fan manufacturers’ published
figures. The range of efficiency measured was from plus

cne to minus 20,9 percentsge points.

Several pussible reasons for the shortfall in

performance were put forward:

a) Fans had been overrated by suppliers

by Uncertainties involved in the measurement of

performance were high.

c) water and dirt in the airstream affected fan perfor-

mance.

d) Leakage. The method of volume flov rate determination
tavoured was the measurement of & single velocity at the
centre of the upcast shaft where the velocity profile
was well developed. An average velocity was then
estimated. This meant that any leakage between the
measurement point and the fan was not taken into

account.

e) Fan diffusers were ineffective in reducing the vel-
ocity of air ejected to atmosphere. Tests on one unit
showed that recircnlation was taking place with alr
flowing back into the diffuser effectively reducing its

cross sectional area.




1 i €1 Dirt on internal components was shown ta reduce fan

- etficiency by between 4,5 and 6,8 percent.

h)  Tender adjudication procedures encouraged fan manu-

facturers to guote "enhanced" efficiencies.

The author did not address the problem of efficiency

reducticn duc to system resistance variations.

2.5 System design on & new mine N

Howse{17) documented the planning of ventilation and
refrigeration reguirements for Unisel Gold Mine. He
optimized ventilation air quantity and shaft diameter
against cost. Similar treatment was glven to
refrigeration capasity and air flow rate agalnst cost.
several points in this paper are ralevant to the current '

study:

The initial ventilation design was bused on many

. assumptions. $ome of these assumptions would not be
S realised once mining actually took place. It was

- important to plan as tlexibly as possible. -

e ——am




To achieve the desired €leribility, Howse opted for the
use of axial flow fans. These units were specified with
blade pitch adjustable in motion. They were fitted with
twe speed driving motors. When the probable fan working
area was plotted the axial flow machine could cover 74%
of the area at an efficiency greater than 85% and 97% of
the area at efficiencies sbove 80%. Comparable figures
éor centrifugal fans were 4.5 at eff::iancies greater
than @5% and 60% at efficiencies greater than 80%. Each

fan was fitted with a 1400 kW motor.

The method used to calcul:ite the main fan pressure
requirement was to estimate tne pressure loss due to the
main upcast and down cast a:rways, subvertical airways
and connecting passages. This must represent a worst
case as resistance invarisrly drops witn development

particularly if underground ho: ster fans are used.

over specifying pressure res..Ts in a more sxpensive

brattice wall. If the specif.-d iressure of : kPa was

inadeguate it could be suiiemerred by e use of

underground booster fans.

2.6 Conclusions

The literature shows =hat the a..3i mining industry b

expended considerabi- ffort on reducing power requirad

to provide ventilat ng air to *he stopes. Difticult.es

o4




resulting from changing system pressure reguirements
have veen recorded. At Elandsrand Gold Mine this problem
was approached by changing the rotational speed and

number of tans in operation

The work that follows is an effort to produce a means
by which flexibility may be designed into a system to
cater for anticipated changes in a mine characteristic.
To achieve this a computer program has been written to
model the capital and running cost of main surface fan
installations. An optimum combination of fan impeller
contigurations, inlet vane settings, motor speed varia~

tions and the number of unlts in operation is sought.




CHAPTER 3

EVALUATION OF SAMPLE DATA

OBTAINED FROHW MINES

3.1 Introduction

Seversl mines weve asked to provide records of volume
flow rate and 'n pressure rise over the life of their
surtace ventilation instsllations. In some cases
comprehensive sets of data were avallable and in others
only current performance and original design figures
were given,

The tocus in this surwsy was on varlations over time, in

resistance to air flow through the mine and air guantity
demand. As fan pressure rise represents the sum of the

losses in the air circuit, it has been used to determine

resistance. The number or type of fans running at the
time of any reading does not affect the mine

characteristic and has not been recorded.

3.2 Processing and presentation of data

Wnerever comprehensive sets of data were avajlable they
have been loaded ontc a data hase. For each flow rate

and pressure rise recorded a specific resistance R was

26




density tigurus were available

corrected to a

when air
have been

calculated.
connon

pressure readings
density of 0.96 kg/m" 3, to eliminate this variable. This
was selected as it 15 representative for many mine fan

installations.

Losses through the mine System have been assumed fo vary
as the sguare of the air flow rate giving the following

relationship:

Therefore R = Pf / Q"2

Wwhen pressure is corrected to a common density this

expression becomes:
R = (0.%6 PE) / (Q°2 % w)
v

where R is a specific resistance.

Pf is the fan pressure rise.
Q is volume flow per init time.

W is air demsity

and flow rate have been plotted

resistance
years, commissiening

values of
against the period of operation in
of the shaft being the usual datum time for these plots.

been summarized

Some results for individual shafts have

27
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in table 3.1. Plots for individual shafts appear in
figures 3.1 to ..7. Tabulated resu.ts are shown in

Appendix B.

Table 3.1 Initial and tinal ventilation requirements on

different shafts.

Volume Resistance

! . | ! ]
: MVMLMTML
iLoraine 4 } 600 | 660 {110 {.0080 }.0048 | 60

!
Loraine 5 p w0 635 1144 {.0180 |.0082 i 44
l

'sartb’fntn 3 650 250 { 35 {.0150 [.0790 {526

Hartb/¢ntn 5 ;189 579 }306 |.1008 }.017% | 18
!
ivaal Reefs 2 1 472 644 1136 {.0269 }.0071 { 26

|vaal Reeis 5 | 374 580 {155 {.0800 }.0150 { 30

'tiandsrand {990 { 850 | 86 {.0002 }.0096 {109

3.3 Discussion of results

3.3.1 The following observations apply to relatively new
shafts, The resistance in five of the seven shafts
featured in table 3.1 dropped significantiy with time.
Rartebeestfontein No. 5 Shaft, Loraine vVentilation Shaft
No. 5, and vaal Reefs No. 5 all showed a steep decline

in the first five years of operation. After this period

the curve is much flatter.
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vaal

Reets No.

Environmental engineers at 2 shaft had

identified the fact that their Ffans were operating

inefficiently, The installation of new, modified

impellers into the existing casings improved the

position considerably. Details of the rate of decrease

in resistance at Vaal Reefs No. 2 Shaft are not
available. values shown in table 3.1 ave an jnitial
design figure and the current operating point. This

p installation has been in service for 15 years.

1

: The operating resistance at Blandsrand is mnarginally up
on design. Again  intermediate values are not
available. Elandsrand shaft was commissioned in 1377.

Hartebeestfontein No. 3 Shatt proved to be an exception

with pressure requirement rising continually with time.

3.3.2 Characteristics of older mines appear in figures
2 s.6 and 3.7. Information from St. Helena Gold Mine
showed relatively constant volume flow rate sand

pressure requirements over a fourteen year pericd.




3.3.3 kExamin.ng these results showed that considerable
scatter is evident in the plots of resistance against
time. Short term changes im the status of  underground
doors, booster fans and neighboring fans can contribute

to this.

Resistance is inversely proportional to the square of
tlow rate and therefore sensitive to it. Volume flow
rate is invariably measured by anemometer traverse.
Surface fans may be checked by measuring flow at the
fan drift or by using a comwbination of underground
readings.  Environmental engineers consider that
uncertainties involved in this type of reading covld ba

as high as ten percent.

Fan pressure rise can be measursd accurately. Normal
practice on mines is to measure pressure using a sida
tube on the fan inlet. This ylelds acceptable results
provided that air velocity at the measuring station is

not excessively high.

in the cases cited above the variations in resistance
are large and the trends well defined enabling valid

conclusions to be reached.

3.3.4 Numercus factors affect the way in which the
systen characteristic of a mine variss. These include:

a. Philosophy and assumptions made during planning.

17




b. The nature ot the reef being mined.
c. The price of gold.

4. The timing and extent to which booster fans
are used underground.

e. The quantity of water being conveyed in the upcast
shaft.

£. Short circuit leakage through doors and walls.

g. The nature of mining:; whether it is concentrated or

scattered.

o
240 Efticiency

2e9 Bel pover
160
ize

E:1-] B/Q/E-’E’g_ﬁ-a

48

PERCENT

0 40 ¢8 68 0 128 148
RESISTANCE-¥ OF DESIGHN

Figure 3.8 Fan performance relative to system
resistance

Based on James Howden South Africa fan Type % Design 9B.
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These variables make exact trends difficult to predict.
Mine planners should anticipate that the nmine
characteristic is likely to vary considerably during the
early life of the mine and that this variation is

likely to lead to a drop in fan operating pressures.

3.3.5 Figure 3.8 shows the performance of a typical
Arsign of mine ventilation fan. Each point on a fan’s
characteristic will balance a particular system
resistance. Resistance is plotted on the abscissa. Any
geometric design of impeller can cover a wide range of
duties (by selecting different diameters and speeds). R
has therefore heen plotted as a percentage, 100%
corresponding to an ideal operating point. The ordinate
is also a percentage scale shoving relative power and

actual isentropic efficiency for this design.

The term relative power has been adopted to compare
actual power absorbed to the power which would be
required for a fan doing the same duty but operating at

a favourable reference efficiency (in this case 86.8%).
Operating resistances shown in table 3.1 can be platted

on figure 3.1 and the corresponding relative power

obtained. The results are shown in table 3.2.




Table 3.2 The effect on efficiency of changes when a

centrifugal fan is used.

e e

LORZINE #4 i 107.5 ! 81.0 !
i

LORAINE #5 i 117.1 i 74.2 !
|
HARTEBEESTFONTEIN #1 This design fan would have stalled.i
!
i
i

HARTEBEESTFONTEIN #5  168.0 | 48,5
VAAL REEFS #2 140.0 1 59.0
VAAL REEFS #5 B 132.5 l
LANDSRAND 100.0 |

The vaal Reefs and Hartebeestfontein Fans are operating
in a region where efficiency declines rapidly and
relative power absorbed increases. For exampla, if
vaal Reefs No. 5 Shaft fans had the Characteristic
indicated in figure 3.1 they would be absorbing 35% more
power than would be reguired if they were operating at a
favourable point on the curve. The cost of this i shown

nelow.

pressure ratic across fan r = P / (P-Pf)
where P = atmospheric pressure (kPa).
and Pf =fan static pressure rise (kPa).

T o= 88 / (88~ 5.2 ) =1.063

Compressibility coefficient(Xp) as defined in

BE 84B:ipt 1:1960(11)
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Kp = [ v°0(K = 1) / kY ~ L] /(¢ £ =1} » - i}
Kp = (1.0637((1.4~1)/1.4}-1}/1(0.063){0.4)}=u. ‘2
where k=ratio of specific heats for air.

Air power assuming isentropic compression.

air power = Q * Pf % Kp

Alr power = £00%5.2%0.978= 3 051 kW

where Q = air volume flow rate at the fan

inlet (m'3/8).

power absorbed at the fan shaft:
power absorbed = Air powear / Fan static efficiency

Power absorbed = 3051/0.635 = 4 804 kW

IE the efficiency were restored to 86.8%

Then power absorbed becomes = 3051/ 0.868 =~ J 514 kW

Potential saving = 1 290 kW

Assuming that the average cost per unit of power is

6 cents / Kwh.

Then cash saving per annum = 1 290%365%24%§/100

cash saving per annum = R 678 02¢

These examples do not necessarily reflect the exact
position on the mines involved. Each installation will

have a different design ° fan with a characteristic

a1

P



somewhat different to that indicated in figure 3.1
They do however help to describe the problem and give an

indication of its magnitude.

3.4 Conclusions

The system resistance of a mine varies considerably

during the early life of that mine. The rate of change

reduces considerably with time.
This variation results in reducea fan efficiencies.
The penalty in power cost is high.

The nature cf the variation differs from min. to mine.




CHAPTER 4

CONTROL OF CENTRIFUGAL FANS

4.1 Introduction

The objective of this study is to sSeek means to maintain
the efficiency of large centrifugal fars opsrating on
yradually changing systems.  The various means
available for controlling the characteristics of
centrifugal fans were discussed in 2.3. Most South
Atrican gold mining duties can be dome using 2 single
basic qgeometric design of fan. An appropriate design
has been selected for this study and reference is made

to it in the following section.

4.2 controls considered

The output controls considered here are:
i Variations in rotational spaed.
i1 The use of inlet guide vanes.

iii Changing impeller geometry.
Changing rotational speed  procuc:s  changes  in

performance which are readily predicted using weil

mstablished similarity laws.

a3




=
y

Q= x N
PE = x/N°2

Pw = X7INC3

Wnere ¢ = inlet volume flow rate
Pf = fan pressure rise
x = proportionality constant
N = fan shaft rotational speed

Pw » shaft power absorbed

For a given position on the fan characteristic,
afficiency is taken as constant. This assumption is

valid over a wide range of Reynold’s Number.

Adjustable inlet guide vanes are a commonly used form of
output control.  Cfficiency drops as vane alosure
increases. This is confirmed in figure 2.4 by comparing

curves 4b and 2.

Changing impeller geometry in the context used here
implies replacing an impeller with one of slightly
differing dimensions. Small charges in gecmetry which
are achicved by "cutfing down' or extending blades on an
eristi~y rotor result in changes in performance which
can be calculated with reasonable accuracy. These
modifications affect the discharge velocity triangles as
indicated in figure 4.1. As the diameter is changed the

peripheral speed changes resulting in a different but
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Figure 4.1 fThe effect of small changes in
impeller diameter on velecity triangles




similar velocity triangle. If the subtractive term in
Euler’s Equation is ignored this results in a modified
pressure rise capability which can be determined as

follows. See Steppanoff(18):

PEr/PE = (LU ) "2

where PE‘ = fan pressure rise with modified impeller.

U’ = correspording fan impellér peripheral speac.

Similarly volume flow rate varies in direct proportion

to the radial flow component cm2.

Q/Q = cm2’ / cm2

Q'/Q=D' /0D

where Cm? - radial compoment of flow at impeller
discharge.

cm2' ¢ ragial component of flow with modified
inpeller.

D and D’ are the respective impeller effective

diameters.

If efficiency remains constant a revised power absorbed

may be calculatsd using

Pu’/Pw = ( D'/ D} "3




For  reasons described by  Stepanoff(18)  these
relationships can only be used safely for small
variations 1n impeller diameter.  The effect on
efficiency and output should be checked by test work if
changes are relatively large (say greater than five
percent).  All performance data used here is based on
the James Howden design Z9B fan and has been confirmed

by model testing.

This concept is used to provide flexibility in
commercial ranges of fans. By minimizing the number of
standard diameters the number of tools, patterns and

drawings can be limited.

Impeller width may be varied substantially to alter the
guantity of air handled. Changes from stancard to +10
or -25% are common. Efficiency changes over this range
are often negligible and should be confirmed test work.
Actual values used in this exercise are based on test

work and are shown in figure 4.2.

The casings on nine fans are substantial siructures
often being cast in concrete.  Any changes in impeller
geometry during the life of au. installation must be

accommodated in the existing housing.




o
Ps w volune
P
1 ol & :
e - efficiency
. ,’_:‘ iae e
el
Ef
— &
o&! se
BEd
G
2t 8@
. S
. S
S8l
He ve -
t g6 85 9% 95 160 185
Inpeller width relative
ton Standard impelier - %
Figure 4.2 The effect of changing impeller width on
volume flow rate and efficiency.
! The number of combinations mada possible by the

variation of tip diameter and width, rotational speed

and vanu settings ave enor-ous. This coupled with

duties which change continually with time result in a
range of possible selections which can only be optimized

effectively by the use of a computer program.




CHAPTER 5

METHOD FOR EVALUATING OWNING

cosTS

5.1 Introduction

Tn order to optimize equipment for ventilation
alternatives have to be selected and examined. The
objective is to identify the fan configuration having
the lowest owning cost. The scope of items considered

and some assumptions made are given below

5.2 Initial cost

The scope of items affecting initial cost included

a. The fan comprising an impeller, casing, shaft
bearings, lubrication equipment, coupling, inlet vane
control, diffussr, and bearing pedestals. These itenms
were grouped together under "hare fan® for costing.

b. The driving motor.

c. Speed control equipment. This was been included
in the nmotor cost when variable spesd Potors were

considered.

The fan casing was assumed to have been fabricated from

steel,




Minimum cwning cost his been

the

items were assumed to be common io

irrespective of the fan variant used.

M ki

assessed by considering
differential cost betwsen options. The following
all installations

Their costs were

therefore not considered:

5.2

a. nivil work.

b. Instrumentation.

c. The fan inlet drift.

d. self closing doors.

e. Painting.

f. Eraction and commissioning.

Running costs

Only power cost on the bssis of tae fan running 24 hours
per day and 365 days per year were considered.  Routine

maintenance, including one impeller changs in ten

years was assumed to be common to all installations.

Ar average power cost of 5 cents per kWh was assumed

4.7218

cents reflected

This was based on

a tigure of

in Table 16 of ESCOM’s 1986 Stavistical Yearbook,

5.4 Present value

The concept of present value was used to gauge
alternatives. The cost of power used in each year is

discounted at a rate which may be selacted by the
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E program user. When an impeller is changed to enhance

L‘ ;o4 efficiency, the cost of the impeller is discounted at
i T a sinilar rate. An estimated inflation rate is also
. allowed as an input. The derivation of the present

value calculation used appears in Appendix E.

5.5 The program

E i
Lo This software runs on IBM compatible personal computers
I | P
3 with a minimum of 640 Xkbyte machine memory. The
language used was Turbo Basic. The program basis is
é outlined in Appendix D. Time taken for a single run
“y 4 varies between 30 minutes and a few hours, depending on

the length of life considered and the time at which
an impeller change is planned to take place as well
as the computer.

A program listing appears in Appendix F.




K CHAPTER 6

DISCUSSION

6.1 Intreduction

The actual fan duty requirements discussed in Chapter 3

have been used as input fur the computer program. This

-4 was done to assess the potential benefits available if

these projects were designed for minimum combined cupi-

tal and running costs.

P 6.2 vaal Reefs No. 5 Shaft

Several computer program runs were carried out based on

actual duty requirements obtained from the Mine. The

cost of various options and sensitivity to different

parameters was investigated. Computer printouts for the

various runs appears in Appendix G. All runs were based

on an assumed 20 year life.

Three important results emerged from this exercise.

a. Being able to predict the duty requirement

accurately over the life of the installation results in

C T a most significant saving. The cent 1 fan
. considered here was flexible encugh to cover ine range
g N
BN of duties required at a reasonable efficiency.
“ 52
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b. A further relatively smaller saving could k.
achieved by changing the impeller after two years of
operation. The replacement impeller would differ
slightly in geometry compared to the original.

c. High initial cost of the variable speed option

makes it unattractive at the time of writing.

Total

lions
-

6.9
-
£6.8
fS.?
-
ve.6
(5] 81 2 34595 6 789
Time-years

Figure 6.1 Optimum time for impeller change in

years, from the date of commissioning.

6.2.1 Time interval between commissioning and a change

~ in impsller geometry and speed was investigated. These
¢ ' N runs were conducted using a constant 20 % hurdle rate.
i Ky
& at The system resistance on this mine fell rapidly over the
3 53
(" .
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first few years of its life. The optimum time at which
to change the inmpeller was two years after
commissioning. See figure 6.1. This resulted in a
present value cwning cost of R8 755 578.00. Efficiency
and power absorbed over the last tenm years of life were
83.3% and 1 798 kW vespectively. The working part of
this fan’s characteristic is shown in figire 6.2. The
pressure rise and efficiency characteristics for four
inlet guide vane angles are plotted against volume flow
rate. Superimposed on this are the various duty points
required. Figure 6.3 is a similar plot for the initial

fan selected.

Comparing figures 6.2 and 6.3 shows the following
points.

a. Both curves represent fans having the same
standard impeller diameter (3.654 m). The impeller in
fig. €.2 is two percent over standard diameter and that
in f£ig. 6.3 is six percent overdiameter.

b. The smaller impeller is not capable <f the
pressure rise requirement at the beginning of the fans
life.

The smaller impeller means that the final

operating point is relatively higher on the pressure
volume characteristic which corresponds with a higher

efficiency.




Fan pressure rise - kPa

. Volume ~ m*3

Figure 6.2

vaal

Reefs No. 5 Shaft. Fan perforrance

atter a proposed impeller change.




over
Widt

speed

" 'standard dia.: 3.654 m

| [3oaf]

e it
Volume - m‘s/s-f
SR :

Figure 6.3 Vaal Reefs No. 5 Shaft. Fan performance with

initial impeller fitted.
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Not changing the impeller or speed results in the 6%
over diameter impeller being an optimum. The present
value o the owning cost is R 6 912 401. The present
value of the saving resulting from changing the impeller
is R 1%6 823 (or R313 646 for the twe fan installation).
The efficiency and power absorbed for the period from 9
to 20 years from commissioning is 80.6% and 1 857 kW

respectively.

6.2.2 Sensitivity to hurdie rate was checked. Varying
this parameter between ten and thirty percent resulted
in the selection of the same equipment. A larger and
slower running fan was selected in the extreme case of
setting the hurdle rate equal to zero. This variation
puts a heavy weighting on future operating cost and
places less emphasis on capital and early operating
costs. Figures 6.4 and 6.5 show performance curves of
the unit  concerned. Poor  efficiency in  the
installation‘s early life is apparent. Over the period 9
to 20 years, efficiency was £6.5% and power absorbed

was 1 730 kW per fan.

6.2.3 General

a. In this exercise no cost advantage could be shown

by using variable speed drives.
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Vaal Reefs No.

Figure 6.4 5 Shaft. Performance of a fan

selected with hurdle rate zero. The first nine years.
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b. A selection based the initial duty only, gave a
small high speed fan. This selection, depicted In fig
6.6 shous a final efficiency of 56%. The fan is unable

to meet the tinal duties, the shortfall in voiume flow

rate being 14.5% on a square law system characteristic.

6.3 Loraine No 4 Shaft

The range of duties reported for this shaft were small

enough for « single speed fan without an impeller change

to be an optimum. The variable speed option was again

more expensive.

6.4 Loraine No 5 Shaft

The change in duty over the life of this installation

was too great to be coped with even with a change in

impeller. A variable speed selection was the only option

returned by the program. In practice this wide range of

duties is met uzing an adjustable pitch axial flow fan.

6.5 Hartebeestfuntein No. 3 Shaft

volume flow rate reported for this shaft varied from an

initial 649 m°3/s down to 247 = i/s. Only a variable

speed drive showed the flexibility .+ cope with this
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Figure 6.6 Vaal Reefs No. 5 Shaft. Performance curve of

a fan selected considering the initlal duty only.
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fluctuation. A pessible solution here would he to start
with a three tan installation and gradually decrease

this t> a single fan in operation for the final duty.

6.6 MHartebeestfontein No. 5 Shaft

The change im duties was too great to be covered

etficiently by evan the variable speed optien of the

fan considered in this project, Again the number of

fans in service could be varied to cope with this.
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CHAPTER 7

CONCLUSIONS

7.1 Introduction

Software for the optimizing fan selection has been
developed. The program minimizes capital and rusning
costs of fans installed on a gradually cianging system.
Several mines with known histories have been modelled

This  investigation has lead to the following

conclusions.

1 The resistance to ventilating air flow through a mine

varies considerably with time.

2 optimization of fan selection using the computer
progran developed results in large cost savings and

performance benefits
3 In the examples studied, changing the impeller, part
way through an installations life can result ina

further saving.

4 The selection of equipment was insensitive to the

hurdle rate used in the evaluation.
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variable speed moto:s cannot be justified in terms of
the cost and performance parameters discussed here.
Exceptions are the cases where the spread of duties can

only be coped with by using a range of speeds.

7.2 Recommendations for future work

a. This program can be used as a tool to assist in
the planning of actual projects.

h. Its application can be expanded by including
performance parameters for different fans.

[ Cost data nust be updated on a continual

basis,
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Appendix A

COST OF POWER TO LARGE CONSUMERS (1987)

Many mines are selecting to be charged for power under

ESCOM’s recently introduced Tariff E. Rates quoted below

are applicable to supply voltages between 380V and

& 600V. The charge is made up as follows

Unit Charge

Each kWh of electrical energy supplied to the customer

is paid for -+ & rate of 2.787 cents.

Maximum Demand

This will be charged in one of two ways Consumers are

currently able to choose the option they prefer.
Option 1: Energy consumed over each consecutive hour

is measured. The highest consumption in any one hour

pericd detarmines the maximum demand charge for that

month. Under this option the cost is R15,65 per kW per

month.

Option 2: This 1is similar to option 1 but the

nmeasurement period is 30 nminutes and the energy is

measured as kVA. In this case the cost is R16,26 per kvA

per month.

Under Tariff E the maximum demand is only measured

during the period from 7h00 to 23h00 on weekdays

subject to a maximum load factor of 127,5%. Load factor

is the ratio of total energy consumed in a given periocd
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Appendix A

to the emergy which would have been consumed if demand
was steady at maximum demand. For gold mines the load

factor is typically between 80% and 90%.

Load factor = kWh/(kW max. demand + hours in period)

Honthly charge per supply point

There is a modest charge of R53.89 per supply point.

Transmission surcharge
A transmission surcharge of 1% per 300 km radial
distance from Johannesburg is levied, Starting at 301 kn .

it extends up to a maxipum of 3%,




f‘ Appendix B
N Tabulation of data received from Loraine Gold Mine for
No. 4 Shaft.
.
. IRSE
oL
e ULUME-m*3/s PRESSURE-Pa DENSITY-kg/m'3} PERIOD YRS RESLSTANCE-Ns®2/m°8
Y ' 596 2840 .96 4 .0080
N ] 623 2460 .96 2.00 L0061
. 608 2600 .96 5.00 0070
N T 658 2120 .96 10.00 .0049
¥
< i
N 67
'
"
,




F o Appendix B
) Tabulation of data received from Loraine Gold Mine
N - for No. 2 Shaft.
L
V LUME-m’3/s PRESSURE-Pa DENSITY-Kg/m"3 PERIOD YRS RESISTANCE-Ns*2/m8
N i 462 3700 .96 9 L0173
b
‘i 440 3500 .96 2.00 .0181
. 630 3700 .96 5,00 .0093
‘ R 622 3200 .96 10..0 .0083
[P
g
A
» g, !
i
.
K
i
68




« .
Appendix B
FRETR Tabulation of data received from Hartebeestfontein
GO for No. ) shatt.
L
- * LUME-m'3/s PRESSURF-Pa DENSITY-Kg/m'3 PERIOD-YRS RESISTANCE-Ns'2/m°8
2t
A 649 6500 .56 o L0154
3 8C0 6800 .96 2.00 0189
-
453 6500 .96 5.00 0317
. 465 6300 96 10.00 L6201
N 401 6900 .96 15.00 .0429
- 3
¢ 247 4800 .96 17.67 0787
o
g ™
oy
“ 69
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EES Appendix B

f Tabulation of dats received from Hartebeestfontein Gold Mine
| for No. 5 Shaft.

4 © LUME-m'3/s PRESSURE-Pa DENSITY-kg/m'} PERIOD-YRS RESISTANCE-Ns'2/m*8

G

o 189 3600 .96 o . 1008

N A 191 5200 .96 2.00 L0340

563 5000 .96 5.00 L0158

. 698 4200 .96 10.00 .0086

'{ 860 5100 .96 15.00 .0117

LT 579 6000 .96 18.33 L0179
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Tabulation of <

for No.

V. UME-m*1/s PRESSURE-Pa DENSITY-kg,m'3 PERTOD YRS RESISTANCE-Ns'2/m'8

> Shatt.

~ceived from Vaal

Appenaix 8

Reefs Gold Mine

96

584.10

n11

97,20

2200

547,80

574,70

565.80

7000

4980

5200

4980

5080

2100

240

~220

5000

5200

4900

5200

4180

5200

5060

5500

5600

5480

5720

5200

5300

.96

.96

.96

.96

.96

.96

.96

.96

0500
0257
0269
.0222
0163
L0147
.0167
.0186
0144
0152
0130
L0146
0189
.0141
0150
L0166
L0171
L0171
L0184

L0187

.0166




551.50

$81.20

©10.50

534.30

537,70

543.30

521.80

596,30

536.90

601,10

»21.70

487

601.60

595,40

573.80

586.20

549.30

560.30

604.90

556,70

5500

5500

5380

4920

5100

4980

4980

5120

4940

5180

5000

5000

5000

4850

5130

5100

5200

5600

5200

5300

5260

5140

5150

5180

5180

5170

5000

.96
.96

.96

.96

.96

.96

.98

.96

.96

.96

.96

.96

.96

.96

.96

.96

.96

.96

.96
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6.90
6,99

7.06

0175
L0181
0189
L0132
0179
L0172
10169
0188
.0188
0146
0141
0173
L0138
0125
10149
L0141
L0147
.0170
L0151
L0161
L0145
L0157
L0153
L0172
L0165
L0141

L0161




.
4, -
h.

553,50

564.60
460,10
564,80
577.10
577.10
601,60
600.80
600.80

593,60

586

494

589.60

638.20

5380

5200

4500

4900

5220

4900

5050

5050

5000

5100

s100

5100

5000

5175

5100

5200

5290

5300

73

.98

.96

.96

.96

.96

.96

.96

.96

.96

.96

.96

Appendix B
7.48 L0157
7.57 L0152
7.65 L0147
7.73 0154
7.82 L0166
7.90 0154
7.99 0152
8.07 .0152
8.15 .0138
8.23 L0141
8.31 0141
8.40 .0145
8.48 0131
8.57 0151
8.65 0143
8.73 0155
8.82 L0152
8.50 L0130
A
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Appendix B

Tabulation of data received from St Helena Gold

Mine for No. 7 sShatt.

LUME~-m")/s PRESSURE-Pa DENSITY-kg/m*) DATE RESISTANCE Ns'2/m"8

127.70 3400 .97 Mar 3L, 73 L0314
316.25 3060 .99 oct 4, 73 L0208
3z7.02 3330 -96 Mar 1, 74 20312
323.70 3200 .96 sep 28, 74 0306
323.45 3110 .96 Mar 14, 75 .0298
321.52 3210 .92 May 30, 75 L0323
312.67 azgL .96 Sep 23, 75 .0335

321 3060 99 Dec 31, 75 0288
508,04 3350 .98 Mar 17, 76 .0346
324.02 3180 .87 Jun 19, 76 40298
299.50 1250 1 Bug 6, 76 .0348
298.134 3520 .38 Dec 13, 76 »0389
312.41 3680 .97 Mar 28, 77 0373
293,65 3660 .99 Jul 8, 77 L0412
279.53 3270 .98 sep 23, 77 .0409
294.77 3580 .97 Jan 20, 78 L0406
304.01 3670 .97 Jan 23, 78 .0393
324.66 3460 .98 Jun 30, 78 L0322
294.84 3350 99 sep 25, 78 L0374
291,86 3440 .98 pac 26, 78 0390
101.57 3700 .97 Mar 20, 79 20403

74




283,50

294,90

282.50

275.30

279.40

269.70

281.20

297.50

288.05

3300

3360

3460

3840

3240

3200

3760

1940

3760

3750

3500

3700

3900

3860

3520

3420

3230

3440

3460

3300

3220

3850

2470

3230

3500

3010

2160

Jun
sep
Dec
Apr
Jul
Sep
Dec

Mar

Appendix B

15,
7.
12,
2,
1,
26,
6,
2,
29,
4
22,
31,
28,
15,
17,
28,
13,

26,

29,
4,

27,

79

79

79

80
80

80

80

81

81

81

82

82

82

82

82

82

83

84

85

85

85

L0327

0343

L0362

0499

0339

10354

0855

L0459

0438

.0402

0455

L0440

L0414

0354

L0331

L0318

0383

0411

.0381

.0402

L0410

L0432

0442

.0400

L0408

L0322

.0368




76

3340 .98
3480 .95
3650 .98
3700 99
1500 .98
1470 1.02
3470 .96
3480 1.00

Appendix B

27, 85

11, 8%
30, 85
27, 86
9, 86

30, 86

7, 87

.0382
L0374
0407
0268
L0362
0814
L0313

.0350




Appendix B
Tabulation of data received from St Helena Gold Mine for
No. 8 Shaft.
L. VOLUME-m*3/s PRESSURE-Pa DENSITY-kg/m*3  DATE  RESISTANCE Ns'2/m°8
164.19 3180 972 Mar 31, 73 1188
e 163.50 3020 974 oct 4, 73 L1108
170,60 3230 .960 Mar 1, 74 L1110
168.20 3760 .954 sep 28, 74 1337
R 172.93 2940 947 Mar 14, 75 L0997
) 123.94 2920 935 May 30, 75 L1952
162.16 3180 961 sep 23, 75 L1208
156.89 2420 .980 Dec 31, 75 L0963
163,30 3250 260 Mar 17, 76 119
166.18 2900 970 Jun 19, 76 L1039
169.42 3320 990 Aug 6, 76 1122
158.48 2920 968 Dec 13, 76 L1185
165.75 2970 .970 Mar 25, 77 .1020
168.26 3120 .990 Jul 8, 77 1069
157.96 3080 972 sep 23, 77 L1219
161.37 3000 .969 Jan 20, 78 L1141
152.40 1020 963 Jan 23, 78 1296
174.18 3430 .980 Jun 30, 78 L1111
162.69 2820 .990 sep 25, 78 .2033
N 165.82 3500 960 pec 26, 78 1273
. 157.23 3520 .950 Mar 20, 79 L1439
[y
A 77




S 171.79
167,60
161.26
155.40
155.93

lel.94

E 143,27
N 157,10
168.40
170
B 169.12
171,19

166.82

162.50
169,60
162.40
170.70
161.10
1%9.40
167,70

183

162.40
- 170.80

{ 165,30

3260

3320

3360

3280

3060

3300

3180

060

3160

3200

2530

2710

2900

2856

2850

2780

3030

2900

2850

2720

2860

2940

3240

2570

2300

3320

3020

A

980

L7

L9069

L947

983

1.000

1.000

1.010

1,031

1,020

1.030

1.052

1.001

Sep

R
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15, 79
7,79
12, 78
2, 80
1, 8O
4, 80
26, 80

6, 81

29, 8l

9, 84

27, 84

29, 85
4, 85
27, 85

27, 85

P S SN

L1082
L1161
.1250
11340
L1211
.1236
1570
J1211
1070
1097
.0894
0909
L1039
L0957
0957
1072
1099
L0956
11044
0897
.1047
.1077
.1128
L0910
L0813
1039

L1060




193,50

P 125.90

183,50
171.15
173.55

156,50

3180

1640

3280

2810

2740

2720

2750

79

1,010

1.002

1.060

991

1.003

Appendix B

0828
0983
0933
0926
.0824
1076

(1511
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Variable spesd &

vane modulation
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. Appendix D
¥ . PROGRAM BASIS
.
o R
a 1 Input required:
e
The number of duties to be considered. TRis was

limited to a maximum of ten. The time in years at which

each flow rate and pressure rise will be required must

be specified. Time must be entered as an integer

fractions are not accepted. The volume flow rate

required is that for each fan on the installation.

b. Slte atmospheric pressure and inlet temperature are

assumad to be constant over the life of the installation
and are only entered once. For simplieity only dry bulb

tenperature is considered.

The life of the installation in years is required.

Again only integer values are accepted.

d. The average current cost for electrical power is
next. This must be based on unit cost and meximum demand
charge, bearing in mind that these fans will rup 24

hours per day.

e. An assumed annual cost escalation must be entered. A
4 separate figure for power and fan capital cost is called
. J tor. The latter only affects the cost of replacement

impellers and ls of minor importance

o 81




Appendix D

£. The hurdle rate required. This is usually a matter of

conpany policy.

g. Finally the time interval until an impeller and motor

speed change would take place. This must be entered as a

whole number of years starting from the fan

£
v commissioning date.
; 2 pan sizing procedure.
- I
4 A
" As many selections as possible are made using the
O 4
: original duty specified. For each of these selections
L the following procedure is used

An induction motor speed is assumed from 16,33

12,337 9.83 and 8,25 vev/s.

b. Reference charts for the Howden Design 29B are stored
in the computer. These are based on the performance of a
in diameter fan rotating at a speed of 31,83 rev/s and
handling air at a density of 1 kg/m"3. Each pressure
volume characteristic is split into two parts. These
halves are stored as quadratic functions obtained using
laast squares curve fits. Fan efficlency characteristics
are represented in the same fashion. The program allows

operating points up to 95% of the fans peak pressure

capabliity.

52




#

s ! represents the performance of the

i 4 width considered s not standard.

e. The diameter of tha fan is

again using fan laws.

|
|

)1 considared.
|

P speed and  density using standard

wers sped up from the assumed speed to

4 i volume correction factor is applied if

calculated. If this 1ies within

performance coincides with that of the

This enables the required diameter

tor all practical vane setting,

rotational speed and over diameter

Appendix D

Coefficients for curves representing vane closure of 0f
10; 203 30: and 40 degrees were included. Over diameters

range from 110% down to 96% in elght equal steps.

c. The initial duty is corrected to chart conditions for

laws. 1 is

required fan if it
31.83 rev/s. A

the impeller

d. The specific speed required to meet thls duty is then
the considered fan’s

capability the procedure continues (see figure D1. ).

now reduced until its
reference fan.

to be calculated

f. This process s repaated and an impeller diameter
impeller width,
combinations is

stored. B80%; 100% and 106% are the three impeller widths
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_Fan dismeter

| 71 Pan spead: 31.83 rev/s

Air density:

1 kg/m"3

".,v o

1

N rerdart wmscirie speED

ISR or mnis .
PRESSULE CAFPALILITY v

z Ve -

PRESSURS | BISE |

| EHARA C TERISTIC -
[ o I

13
Volune §16w

P

a1 4 Figure D1 The operating rzrticm =: a Ean pressure

- characteristic bounded by limiting spez.fic speed lines.




Appendix b

h. The program rejects any selection requiring an
impaller peripheral speed of over 140 m/s., This is a

wheel stress consideration.

2.1 The fixed impeller constant speed option.
For each available impeller diameter the following

procedure is used:

a. The duty at the end of each year of operation is
established by linear interpolation betwaen duties which
have been fed in. This duty is corrected to reference
chart conditions and an efficiency is calculated by
interpolation between the two adjacent vane setting
curves. (Inlet guide vane modulation is the only means

of control considered in this section.)

b. An average power consumption for each year is then

determined.

G. The cost of powsr is calculated on & 24h per day
365 day per year basis. The average unit price escalated
to the year concerned is multiplied by units consumed
This cost is then discounted using the hurdle rate

specitied, to give a present value. See Appendix E

a5
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appendix b

4. Bare fan cost is expressed as a function of impeller
standard diameter. Two different ocurves are used
depending on whether the pressure rise required is above
or below & kPa. Fan costs are based on information

obtained from James Howden South Africa.
e. Motor cost 1is a function of capacity required and
rotational speed. The curves used were drawn up from

data furnished by Siemens Limited, Johannesburg.

£. The total owr § cost was taken as the sum of the

fan, motor and discounted energy cost.

g. Each option cost is compared to the previcus lowest

figure, the lower of the two figures is retained.

2.2 The fixed i.peller di.meter, variable speed option.

a. A duty for each year of operation is obtained in the

manner described above.
b. The fan speed is adjusted to allow the duty to de met
using sash avallable inlet quide vane angia. The bast

efficlency and corresponding speed ars retained.

c. The power cost calculation is carried out exactly as

indicated sbove, as is the bare fan cost.
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d. The cost of the motor and its controller are based on
information which was supplied by GEC SA. The assumption
that price is a function Of motor torque gave a good

correlation and has been used.

2.3 The impeller change, 2-speed rotor option.

a. All calculations in this section are similar to those

described in Section 2.1.

b. For each selection made as described in 2.1 the
procedure is i{den‘ical until the time which is specified
as the change time is reached. The bare fan cost and

power cost up to this point arv calcuiated and Stored.

c. A marginal cost is then calculated for each impeller
width, vane setting, over diameter and motor speed which

can be used in conjunction with the original casing.

d. The marginal cost includes an impeller replacement, a
15% premium on the motor cost if a two speed unit is
used, an additional cost if the speed of the motor is
decreased, meaning a heaver fram and the discounted

power cost after the change.

e. The lowest marginal cost is retained and added to the

initial cost obtained in b. to give a total owning cost.
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£. The lowest total owning cost is return:d at the end

of the run.
g. The impeller cost was expressed as a function of

pressure rise and volume handled. This again was based

on information obtained from James Howden South Africa.
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Appendix E
PRESENT VALUE CALCULATION
Let the present cast of power be A cents/kWh and the
assumed inflation rate per annum per unit be e.
The cost of power n years from now becomes

cn = a(l+e)(n-1)

If the reguired hurdle rate is h per unit, then the

present value of a unit of electricity is

PV = Cn/i(1vh)en)

This term nmultiplied by the number of units consumed

during year n gives the present value of energy used

during that year.




progran listing Appendix F

‘last update: 88/04/08

PTION BASE 1

cLs

'Assume fan curve can be represented by Pref = AQ*2 + BQ + C
‘assume fan efficiency can be represented by Z = DQ'2 + EQ + F
DIM A(5,8):'8 * overdismeters, 5 * vane settings. (m,n

DIM B(5,8):' i. e. 2 guadratics per curve

DIM c(5,8),0(5,8)

DIM E(5,8)

DIM F(5,8)

DIM G(5,8)

DIM H(5,8)

DIM 1(5,8)

DIM 3(5,8)

DIM K(5,8)

DIM L(5,8)

DIM Q70(5,8)

DIM Qmin(5,8):‘Lower volumes are too close to the fan stall
DIM 0(10): ‘Duties which can be entersd. ()

DIM ©(10)

DIM Prd(10)

DIM N(4):'4-speeds (1)

90




Pragran Listing Appendix £

IR Da(B,3,4,351 " anlos tian Ldentification um,n,d,u
a1 2608,3,8,5)

OIN EfficsancyCorractsant3)

01N volumeCuraction(3)

[opLs

o Watht3)

OAIN 16.3312.53.7.03,0.73
BAIA, -0.026226,-0.01741,-0.01271,~0.0L6L7, 0. 03694 ~0.GR127,0.02278,0.02437
BATA ~0.02452,-0.02037 001418, -0. 02034002805, ~0. 012510 02242,-0-0239%
Bara 1=0,02531, . 62902, 0,033%

“a20
DATA_ ~0.02681,-0.03730,-0,02047,-0. 02219, ~0, 02292, ~0.02098,~0. 03163, +0. 03843
"A 30

SATA -0,0199,-0.02920,-0,03479, #0. 03902, ~0,03703,-0.02073, 0. 04264,-0.04248
"a 40

ATA 0.a831 5 a:
‘80

vara 82,0, 431,04 7807, 0, 1414,0,3842,8 . 6%
"2 10

oata
870

0ATA 0.3741,0.7741 214 < 8,0.8621
"B 30

ot 04
RETS

BaTA 1,847,
co

BATA 2.29114.454,4.922, 3,468, 0.09633,3,6,1.95,0.3701
"€ 30

DATA 2.826,1,4098,2.778,4.583,2,276,2.677,0,3196, 1,518
€ 20

oot 08,
"¢ 30
oaTa 4,238 1,3.350,4,971,0, ~0,09334
'C 40

DATA  0.4331,-0,4399,50.3867,-0, 4431 06243, ~0. 4930, =0 132, 0. 6299
Do
DATA -0.4079,+0,3044, 5. 4708, 0, 4331 ,-0, 3688, =0, 2441, -0+ 4476,70.5001
s 10

DATA ~0.5H23,+0.4047, 0. 6304, ~0. 3403, -0.4933,~0. 5Y27,-0.9472,~1 . 04
o 20

DATA_ =0.3675,¢ ,+0,3153,-0,38 12,099
"D 30
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appendix F

DATA  ~0,6702,-0.7080,+0,0029, ~0, BR2Y, 0. 7679,~0,3077 ;=1 003 =L, 20L
“b 80

DATA  18.19,24,70,11.49,13,97, 24,48, 16.39,70.24,23 .25
o

DAY 2L.4T,16,43,13.41,15.05, 16,93, 17.05,21.03,29.62
‘€ 10

pata 23, 21.29,18,49,18.43, (8- 1,38,
‘g 20

DaTA_ 1.3 144,99,9.24:

%

DATA  15.18,17,38,19.92,20.20,17,88,7.482, 23, 2,30.60
'€ 40

DATA  ~46,13,~35.40,-5.026,-30,61, 96,81 ,49. 38, Y7, 96, ~94, 10
o
DATA ~400.1, 44, 23,-37.36,~40,27, ~50. 24,31, 76,-02.86,~150.3
"F 10
DBIA =317.5,-01002,750 k¢, ~68.01, 732,97,-38.29,~438 8,397, 7
R

OTA "S2.61,H071 L8321 =57 31, 710.51, 22.08,~76.73,134.3
K

ohIn 17,740, 83, 719, 4:
'F a0

DATA  —0.02467,~0. 0338, -0,02437,~0. 01351, -0, 01344, ~0. 01818, -3 , 08678, -0, 03316
a9

DATA =0.04213 182084 139
930

101347,20.02045

DT, 0153015, -0.03702,0. 04837, 0,05308, -0, 0044, ~0.03453, -0, 03438, ~0..1007
‘q

DATA  ~0,01017, 4
'8 30

oa

~0.0%08%

A 9,+0,07738, 40, »-0.
B A0

00TA 6.7286,1 2,
Mo

PATA 0,02361,1,335,0.43/7,0, 1443,

"4 10
DATR. 0:7445,1,009, 8,308, 1.003,-0. 2745, 0.0720,0.59%5, 3013

B0TA_ ~9.7387 201
W 30

DT 0.Y38,0,2342,3.900,0.7437,0..1049,0.3279, 4.3, 4. 304
"

DBTA 0.4333)3,206, 04920 6. T4 16 249,743, =20.85,2 370
“to

DATA, 9 TR0 LTT 503, 10.31, 13,59, 7.530,0.963, . 8373
B

AR, 1AK3,52.303, 6. 308, -11.29, 11.40,-.8610, .6279,-30.57
“1

DRTR. 12:22,710.21,8.463,79.303,4.220,9:329,-0.8238,~17.03
Y

52
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DATA
DATA
DATA
DATA

ATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

DATA

Appendix F

0,7855,6.592,-7.479,1,7911,6.,211,2,8019,~25.05,=26.97
-.8306,~.9917,=,7425,-.7088,-.7907,~.9506,~2.099,~1.125
-.6590,~1,005,-.9367,~.8639,-.5789,~1.669,-1.020,=1,507
~1.156,-1,427,-1.643,-2.238,~0.9954,~1.908,~2.048,-4.196
-0.8764,-2.159,-0.9051,2.621,-1.685,-1.431,-2.113,-4.522
“1.719,-1.542,-2,556,-2.908,-1.725,~2,651,-5.119,~6.796
34.91,41.85,29.33,26.68,30.442,37.04,687.99,41.90
23.82,139.50,35.52,31.72,17,63,68.63,34,31,54.61
43.44,54.02,62.93,89.07,13.51,72.05,71.34,156.4
2%,41,74.33,25.23,92.14,56.38,44.26,66.37,152.5
48.86,42.00,74.39,87.87,47.16,78,26,151.2,205.6

-290.6,-367.5,-211.5,-166.7,-212.5,~282.2,-849.1,~708.9

~129.1,-308,39,-255.3,-206.7, -34.67,-632.4,-201.6,-415.7
-325.1,-430.5,-522.6,-806.1,-192.5,-602.3,-540.19,~1383
-95.86,-559,~86.19,-729.9,~390.8,-258.8,-443.2,-1210.0
~273,04,~207,-465,2,-588.8,-243.8,-503.6,-1039,-1475
16.7,16.6,16.6,16.4,16.8,16.4,16.4,16.4
16.6,16.6,16.4,16.4,16.5,15.5,15.9,15.9
16.2,15.8,15,8,16,16,15.1,15.2,15.2
12.6,12.0,12,0,12.4,12.5,13,12.9,13.6
9.98,9.9,10.2,10,3,10.7,9.80,11.3,11
23.8,23.1,23,23,1,22.9,22.6,22.2,21.6
22.6,22,21.9,21.8,22,20.9,20.7,20.4
21.2,20.8,20.6,20.6,20.6,19.5,19.4,19.1
18.2,18,17.85,18.2,18,,17.5,17.5,17.38

19.4,15.4,15,3,15.6,15.5,15.5,15,5,15.8




Progra

DATA
DATA
DATA

DATA

TPRINT
LPRINT
Tnput”

Input®

m listing

.976,1,.922
1,055,1.0,0,785
1.1,1,08,1.06,1,04,1.02,1,.98,.96

106,100,80

" FAN OWNING COST ESTIMATE®
Enter site name: ", Site$
Enter job reference: *,Job$

your initlals: " Initials$

Appendix F

rEtficienc
“volumeCor
rover diam

‘over widt

Input“Enter

i LPRINT"$1te name: ";Site$

LPRINT"Job reference: "jJob$
LPRINT"Initials: ";initials$
LI'RINT
LERINT  "INPUTY
Input "Date: *,Dtes
LERINT"Date: ":Dtes

LERINT

FGR

FOR

FOR

FOR

FOR

i
i
i

1 to
1710

=1 TO

110

1 to

4:READ N(1):NEXT 1

$1FOR 4= 1
51FOR §=
51FOR o
41FOR =

BIFOR i

1

1

T™O

TQ

O

0

TO 8:READ
B:1READ
8:READ
8:READ

AL, D
B{l. 1)
Sthed:
bli e

NEXT J,T
NEXT J,1
NEXT J,1
NEXT J,I
NEXT J,1

BIREAD B(L,[):

. FOR |1 T0 51FOR j= 1 TO 83READ F{i,{): NEXT J,I

c 94
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FOR i=1 TO 5:FOR j= 1 TO 8:READ G(i,}): NEXT J,I
FOR i=1 TO 5:FOR j= 1 TO 8:READ H(1,1): NEXT J,
FOR §=1 TO 5:FOR j= 1 TO @:READ I(i,}): NEXT J,I
FOR {=1 TO S:FOR j= 1 TO 8:READ J(i,3}: NEXT J,I
FOR i=1 TO 53iFOR J= 1 TO 8:READ K(i,}): NEXT J,1I
R =1 TO 5:FOR §= 1 TO 8:READ L(i,§): NEXT J,1
FOR {=1 1O 5:iFOR j= 1 TO B:READ Qmin(i,4): NEXT J,I
FOR i=1 TO 5:FOR j= 1 TO 8:READ Q70(1,j}: NEKT J,I
FOR i=1 TO 3: READ EfficiencyCorrection(ij: NEXT i
POR {=1 TO 3: READ VolumeCorrection({i): NEXT i
FOR {=1 TO 8: READ od(i}: NEXT i
FOR i=1 TO 3: READ Wdth(ij: NEXT 1

‘Functlion for caleulating alr density at fan inlat and aguivalent haad.
DFF FNDensity - (Baromater - P)}/(0.2881 * (AlrTemperature + 273))

DEF FNr = Baromater/{Barometer ~-Pj

DEF FNKp = {FNr'(.4/1.4) =1) * 1.4/{ ax(FNr=1))

DEF FNHe:P/FNDansity*PNKp

fnput "How many duty points must be considored *;butyNo
Input "Initlal volume tlowrate per fan (m"3/8) = ",Q(1)
Tnput “Initial fan pressure rise (kPa) = 4, P(1)

LET Psmex=P(1)

LET Prd (1)70

For | 2 to UutyNo®¥:’t0 maximum

BRINT

PRINT "Duky No "USING "4%:

e
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input *Volume flowrate (m‘1/g) = ", 0(})
Input "Fan pressure rise (kPa) = ", B(}
IF P{})-Psmax THEN Psmax~P{})

Input “Enter perlod in years when this duty will be required " Prd(j}

Next §

LERINT "Number of duty peints consldered: “Using"##":DutyNo
LPRINT "Initial volume flowrate per fan (m*3/s):  “Using"#fd#.#":Q(1)
LPRINT #Initial fan pressure rise (kPa):  "Using"#y.##":p(1
For j = 2 to DutyNo%:/10 maximum

LERINT

LPRINT "Duty No “USING "#*:}

“using™gARE . #Y:Q(T)

"Using"##.#4" P()

LPRINT "Volume flowrate (m'J/s) =
LPRINT "Fan pressure rise (kPa) =
LPRINT "Prd in years when this duty will be required: "Using"#4#":Prd(}}

Next 3

‘ Aseume and c ps o ramain over the life
‘the installation.

PRINT

LPRINT

Input "site barometric pressure (kPa) = ", Baromater

Input "Inlet air temperature (degrem C) = ", AlrTemperature

LPRINT"Site barometric pressura (kPa) = "using"f#4.4"rBarometer
LBRINT"Inlet air temperature (degree C) = Vusing"##.4"7Alrmemperature

Input “Enter life of the installation (years) ", Life

Input "Average initial power cost (cents/kWh) = ¢, PowerCest
Input "Assumed annual power cost escalation (%) ", PowarEscalation
Input "Assumed escalation in fan capital cost (%) = ", FanCostEscalation

& e
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Input "Required hurdle rate (%) = ", HurdleRate

Input “Time (years) at which to consider impeller and speed change = *,_
ChangeTim

LORINT "Life of the installation (years) “Using"#f./4";Life

LPRINT “Average initial power cost [cents/kWh):  "Using"#¥.#4":PowerCost
Powercogt=Povercost/100: ‘cost of power in Rands/kWh

LPRINT "Assumed annual power cost escalation (%): "_

Using"##.##" ;PowerEscalation

PowerEscalation=PoverEscalation/100

LPRINT “Assumed escalation in fan capital cost (%): *_
Using"#4. 44" ;FanCostEscalation

FanCostEscalation=FanCostEscalation/100

LPRINT “Required hurdle rate (%): "Using®{#.#4";HurdileRate
HurdleRate-HurdleRete/100

1PRINT “Time (years) to impeller and speed change: "Using"##*:
ChangeTim

LPRINT

LPRINT

LPRINT*QUTPUT®

LET Pra(DutyNo%+1}=0,1

/MAIN ROUTINE

LET $izing$=“Frea"

’Inpeller geometry and tan speed is tixed tor 'irst routlne
LET selection$~"F .odFan"

slzing§ttroe®

a7
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Frogram listing

j=1:74 is suffix ior duty
P=P( )
FOR iz} TO 4 :‘Speed selection

FOR w=l TO 3

Appendix F

s'For w=1 lmpeller width {s 106% of standard

‘for w=2 impeller width is standard, for w=) width is 80% of standard

GOSUB ChartSpeedCorrection: ‘a
GOSUB Selection: ‘D
NEXT w, 1
‘Evaluation over life of the installati.n
LET LastCost=20°20
POR ix1 TO 4
LET n=0
LS
PRINT “This program takes between 30 and 90 minutes to runm,"
MG

GOSUB AvailableSelections:

NEXT

BEEP 1

IF LastCost»19°20 THEN GOTO Kiml

LPRINT "FIXu) GEOMETRY CONSTANT SPEED FANY
LPRINT “Total cost"USING" R#FEAAV¥4"iLastCost

LPRINT “Motor capacity"USING” #### k":MotorCepacity

LPRINT “Impeller standard diameter ="USING"##.### m":Dselected
LPRINT "Rotational spesd"USING" ##.#¢ rev/s";Speed

LPRINT “Impoller overdiametsr="USING“f##.f# *";Overdlametar
LPRINT “Impeller averwidth ="USINGU###.#4 $%;Impellerwideh

98
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GoTo Kim?
Kimls

LURINT No practicie tixed speed selection®

delections"Variablespeed

LET Lastcosts 2020

PR L TO G

e

W ANt e fect fons: ‘e
NEXT 1

BEEP .

TF LastcostivT00 THEN GOTO Kimd

LEFRINT ®FIXED GEOMETRY VARIABLE SPEED FAN
LERINT “Total CoSt™USING” REFL#AFFIT;LastCost
LERINT “Motor capacity"USING”" ###f kW MotorCapacity

IURINT "Impeller standard diameter - USING"##.#¢# m";Dselected

{PRINT "Rotational speed (maximum)"USING' #4.4# rav/s";MaxSpeed
{PRINT Wpotational speed (minimum)"USING® #4#.## rev/e":MinSpeed
et " LERINT “Impeller overdismeter=CUSING™ ###.4# 3";0verdiameter

LERINT "impeller overwidth -"USING" ###.#4 %";Impellerwidth
AOTO Eimd
Kims:

LPRINT "No practicle variable speed selection”

99
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Kima:

LPRINT

i12ing$~"chanqe tmp®
JRINT

FRINT

PRINT

URINT "still busy - relaxi™

TET LastTotalCost=20" 20

FOR 11 TO 4’ (should be | to 4)
LET n=a

GOSUB Availableselections

NEXT i

REEP 3

it lastTotalCost>19 20 THEN GOTO Kims

LFRINT “CHANGE IN IMPELLER SIZE AND SLLED
LFRINT "Total cost"USING" R#F¥##4#4":LastTotslCost
LERINT "Motor capacity"USING" #### kw";Motorsize

LPRINT "Impeller standard diameter =MUSING" #.### m";Dselected

LERINT " Initial selection:®

LERINT PRotational speed “USING" ##.## rev/s":N(OriginalSpeed)
LFRINT "Impeller overdiameter=CUSING" ##/.## %":;OriginalOverdia
LBRINT "Impeller overwidth WUSING" ##4.4# %";Originalwidth
LPRINT * Final selection"

LPRINT "Rotational speed “USING™ ##.4## rev/s";speed

LER

"Impeller overdiameter="USING* ##f.#§ 3";FinalDianeter




trogram tisting Appentyx F
LPRINT "Impeller overwidth ="USING® ##r..* '';FinalWidth
GOTO Kims

Kims:

LPRINT 'No practicle variuble speed selection®
Kimé:

LPRINT

‘End main routine

cLs

ChartspeedCorrection: ¢ from a
©31.83°Q(§1#31.83/N(i)/VolumeCorrection(w)

He3l.83=FNHE®(31.83/N(i)} "2

N$=31.83%Q31.84°.5/Hel1.83° .75

RETURN: * to a

Selection:’ from b
FOR m=1 TO B8’ m=l for 10% overdiameter

FOR n=1 T0 4:' n=l for vanes full open

Prmax=A(n, m}*Quin(n,m) - 2+B(n,m)*Qmin(n,m)+C(n,n)
B70=A(N,m}*Q70(n, M) *2+B(N, M) *Q70(n, m)+C(n,n)
Nsmax=11.83%Q70(n,m)".5/P70* .75

NSmin=31.83*Qminfu,n}.5/Pnax’ .75

IF Ns-Nemax THEN Ds(m,n,i,w)=0:Zs(m,n,i,w)=0:GOTO Cats
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IF Ns-Nsmin THEN Ds(m,n,i,w)=0:2s{m,n,i,w}=0:GOTO Cats
GOSUB ConstantSpeedielection: ¢ aq
Cats:

NEXT n,m

RETURN: ' ta b

ConstantSpeedselection: from d
LET Qc=(Qmin(n,mj+Q70(n,m}}, 2

Newvol:

Hes=(31.83/Ns*{Qc)" .5} (4/3):'Pressure calculated from specific speed.
Hep=A(n,m)*Qc’ 2+B(n, M)*QC+C{N, m} 1 “Pressure calculated from characteristic
IF ABS(Bes-~Hep)<.02 THEN GOTO SelectionOK

Qc=Qc+1.68%% (Hep-Hes)

GOTO Newvol

selection0k:

Ds (m,n,i,w)=(Q31.83/Q¢) " (1/3)

TipSpeed=1.14%Dr(m,n,i,w)*N{1)*od(m)

IF TipSpeea>140 THEN Ds(m,nm,1,w}=0

2s(m,n,i,w)=(D(n,m)*Qc" 2+E(n, m)*Qc+P(n,m) ) *EfficlencyCorrectionfv) /100

RETURN: * ta d
e AvailableSelections:’ from e,q,atc
* o FOR w=l TO 3:FOR m=1 TO 8

= k Method$="Free"
s hapas

LET LastMarqinalCost=20"20

4
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-9 LET Energy=0

LET Pwmax=0

LET LastMax=N({i):lastMin=N(i)}
Tre=0

LET Sas=

LET 7=1

LET j=1

LET Rr=prd(j)+1
nonwt

/PRINT n,m,i,w
LET Tqmax=0

LET Squibbso

1F Ds{m,n,1,w)=0 THEN GOTO NextVane
LET Zlast=2s{m,n,i,w)

LET Z=Zs(m, 11,1, w}

[ET Olast=Q(1)

LET Plast=P(1)

GOSUB BareFanCost:’

GOSUB DutyWithTime:’
IF 220 THEN GOTQ Dogs

1F $izing$="Changelmp" THEN GOTO Dogs

GOSUB Motercost:’

LS GOSUB TotalCostCalculation:’

” GOSUB CompareCosts:’
. j 1 Dogs:

LET Energ

Appendix F

LET nn=n:' as n will be varied to accomadata later duties




program listing

LET Enerqgy=0

LET Pwmax=0

LET LastMax-N({})iLastMin=N{i}
Toeso

LET #88-0

LET &=1

LET jat

LET Re=Prd(i)el

LELEY

PRINT n,m,i,w

LET Tamax=0

LET $quibbs=o

IF Ds(m,n, t,w)=0 THEN GOTO NextVane
TET Zlast=2s(m,n,i,w)

LET ZeZs(m,n, i,%)}

LET Qlast Q(1)

LET Plast=b(1)

GOSUB BareFanCost:

GOSUB DutyWlthTime: '

IF 20 THEN GOVC Dogs

1F “.izing$="Chanqelmp" THEN GOTO Doge

G0SUB Notorcost: !

GOSIB Totaleost-aleulation: !
GOsUR - omparecosts:

o toe:

LET Enorgy o

103
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LET nn-n:’ as » will be varied to accomadate later duties
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TP n-%  THEN GOTO Xxxx
GOTO fepeat

Noxtvane:

tE neh THEN GOTO Repeat
Xuxx:

LEF B0

NEXT m,w

RETURN: ¢

to e, q, etc

DutyWiEnTine: !

frem g

LET Areew

FOR Tim=Rr TO Life

LET {71

T¥ 0 THEN GOTO mtar

sowklater:

1¥ Tim Praf{j+1) THEN Interpolate

bogel

1F §-DutyNod THEN QE~Q(DutyNos):iAnt 1
TE i-DutyNod THEN PtoP(DutyNod
IF i-DutyNot THEN GOTO Proceed
6OTO Checklater
Interpolate:
W01 QU1 =QE 1) ¥ (Thn-Prd(§))/(Prd( J+Liwprd( i1)
BRI (PO IR0 P (Tm=Pra( }))/(Pra()+1)~Prdi 1)
Proveed:
¥ #izing$-MChangolmp® THEN GOSUB TimCheck:’ 5
LET 1) 1

104
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1F Selection$="Fixedran" THEN GOSUB EfticiencyCalculation:®
I¥ 270 GOTO moon

1¥ Selection$ "FixedFap" THEN GOSUB PowerCostCaleulation:?

I¥ selection$ MvariableSpeed" THEN GOSUB BEficlencyandspeed:’
IF 250 THEN GOTO moon

1RT nomn

stary

NEXT Tim

moon:

I¥ Mothod$ -"Changeimph THEN Rr-ChangeTim+l:Plast-Pip:Qlast=Qlp
nenn

1F Holection$ "¥ixedran" THEN GOTO blesbok

IF Sizing$="ChangeImp" THEN GOSUB bushbuck:’

Art 0

IF TtE-l THEN GOIO DutyWithTime

bloshok:

RETURN: *

ki tlciencyCaloulation: !

PopE

Gte Qtr(1/08(m,n, Liw)) I*(21.83/8(1))/Volunacorroct Lon(w)
FEesPNHO* (31.81/D8(m,n, b, W) /N(1)) 2

Rt PLo/Qte

LET b1

Prax-A(n,m)*Qmin(n, ) - 2+Bn,mixQmin(n,m)+e(n,m)

Bmax PRax/Qmingn,myc2

100
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IF Rt<Rmax THEN GOTO Procead2
LET n=2
Prax=A(n,m)*Qmin{n,m}2+B{n,m)*Qmin(n,m)+C(n,m)
Rmax=Pmax/Qmii.in,m) 2

IF Rt<Rmax THEN GOTO Proceedz

LET
Prax=A(n,m)*Quin{n,m)* 2+B{n,m)*Quin(n,n)+C(n,n)
Rmax=Pmax/Qmin{n,m)-2

IF RteBmax THEN GOTO Procead2

LET n=4
PraxcA{n,m)*auin{n,m)  24B{n m)*gmin(n,m)+C(n,n)
Rrmax=Pmax/Qmin{n,m)"2

1F Rt>Rmax THEN GOTO Ultgang

Froceed?:

GaSUB Squarelawlntercopt: *

IF QrooQel THEN GOTO Bitgang

Rochack:

LET QeiteqQelizisg

LET nenel

Gosus Squaralavlntercept

IF Qtecgel THEN GOTO Closovane
ZoZ+(21~2) % {Qte~gal) /(Qoii~Qel}

RETURN: 7
uitgang:
%50
RETURN: *

rlaseVana:

TF neb THEN GOTO Uitgang:’ vanes too far closed
106
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60TO Reaheck

PowercostCalcutation:’ from 3,
23szlast

GOSUB MaxPower: ¢ 1

Zaver(Zlast+d) /2

Zlast=z

Qoves{QtsQlant) /2

QiasteQt

Qip=gt

Pavas(Pt+Plast)/2

Plase=lt

PipePt

z3ez

GOSUB MaxPower:This routine called up twlee to gat power at _
‘18t & last duty

Porave

PweQave*Pave*FNKp/Zave

EnargyConsumption = Pu*24%365
fhergyCoatoE.ergyConsunptionkbovercost_
*(1+poworEscalation)* (Tim-1)/(1+HurdleRate)” (Tim)
Energy=Energy+EnergyCost

RETURN ¢/

SguareLavintorcopt:’

from k




U,
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LET sa=0

A=A(n,m): B=B(n,m): C=C(n,m). D=D(n,m): E=E{n,m): F=F(n,m}
’ NawRatVol:

HoreRE*Qei <2

Hop=A*Qed *2+B4Qei+C

1F ABS(Hep-Hor)<0.02 THEN GOTO Checkselection
Qei=Qel+l. 1% (Hop-Har)

©OTO NewRefvol

Chechselect ton:

IF sasl THEN GOTO Calculatoffficlency

IF Qci<Q?0(n,m) THEN GOTO CalculateBfficiency

LET ASG(n,m):B=H(n,m):C=1(n,m):D=3(n,m) tE=K(n,m} :F=L(n,m)
LET aasl

GOTO NewRefVol

caleulatoBtficiency:

2=(D*Qci * 2+E+Qe L +F) #EEL iclancyCorraction(w)/1n0

RETURN* to k

ComparoCosts: ¢ from bbb, kk

1F TotalCost>LastCost THEN RETURN
MotorcapacityeMo

Dsalectad=Ds(m,a,4,w)

IF wel THEN ImpollerWicthsl.06%100
IF wop THEN Impallerwldehel.0 *100
IF w=3 THEN ImpellorWidthe0.s0%100

* IF m-l THEN Ovordiametorcl.l0%100




IF m=2
1F m=3
IF m=4
IF n=5
IF a=6
IF p=7

IF n=8

IF is1

THEN
THEN
THEN
THEN
THEN
THEN
THEN

LastCost=Tot!

THEN

program listing

overdianeter=1.08%100
Overdiameter=1.06%100
Ovardiameter=1.04#100:7
Overdiametar=1.02%100
Overdjameter=1.00%100
Overaiameter=0.98%100
Overdiameter=0.96%100
alCost

Speed=16.33

Appendix F

Fan identIFication

IF i=2 THEN Speed=12.33

1f 1=3 THEN Speed=9.83

IF i=4 THEN Speed=g.25

IF selection$="FixadFan THEN RETURN
LET MaxSpeedsLastMax

LET MinSpeed=LastMin

RETURN:

EfficiencyAndSpeed:’

Znax=0
Qte=Qu#(1/08(m,n,1,w))"3/VolumeCarraction(w}
P=Pt

Pte=per(1/Ds(m,n, 1, w) ) I¥FNKp/FNDenaity

R

to/Qte 2
LET nel
Prax= A(R,R)*gmin(n,m) 2¥B(n,m)*Qnin(n,m)+C(n,m)

Rmax=Pmax/Qnin(n,m)*2

from r
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IF Rt>Rwax THEN GOTO leafl ‘Fan would stall
GoSUB SpeedCheck

Zmax=g

Nlast=Nf

TipSpeed=3.14*Ds(m,nn,i.w)*Nf*ed{m)

IF TipSpeed>140 THEN 2=

IF TipSpeed>140 THEN GOTO sun

Leafl:

LET n=2

Pmaxs A(n,m)*Qmin(n,m)*2+B(n,n)*Cnin(n,m)+C(n,m)
Rmax=Pmax/Qmin(n,m)*2

IF Rt>Rmax THEN GOTO Leaf2

COSUB SpeedCheck

TipSpeed=3.14#Ds(m,nn, i,v)*NExod(m)

IF TipSpeed>140 THEN GOTO Bud

IF z»Zmax THEN Nlast=Nf

1P 7Z>2Zmax THEN Zmax=2

Leaf2:

LET n=3

Pmax= A(n,m)*Qmin(n,m}"2+B({n,m)*uin(n,m)+C(n,n}
Rwax=pmax/Qmin{n,m)2

IF Rt>Rmax THEN GOTC Leaf3

GOSUB SpeedCheck
TipSpeed=3.14*Ds(m,nn, i,u) *NE*od(x)

1f TipSpeed>140 THEN GOTO Bud

1F Z>Zmax THEN Nlast=Nf

IF Z>Zmax THEN Zmax=%

Appendix F
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Leaf?:

LET n=4

Pmax= A(n,m)*Quin(n,m}*2+B(n,m)*0min(n,m)+C{n,n)
Rmax=Pmax/qmin(n,m)*2

IF Rt>Rmax THEN GOTC Leafs

GOSUB SpeadCheck
TipSpeed=3.14*Ds(m,nn,1,w)*NE*od(m)
IF TipSpeed>140 THEN GOTO Bud

IF Z>Zmax THEN Nlast=Nf

IF Z>Zmax THEN Zmax=2

Leaf4:

LET n=5

Pmax= A{n,m)*Qmin(n,m)*2+B(n,a)*uin(n,m}+C(n,m)
Rmex=Prax/Qmin(n,m)*2

IF Rt>Rmax THEN Z=0

IF Rt>Rmax THEN GOTO sun

©OSUB SpeedCheck
TipSpeed=3.14¢Ds(m,nn, i, wi*Kf*od(m}
IF TipSpeed>140 THEN GOTC Bud

IF Z>Zmax THEN Nlast=Nf

1F z>Zmax THEN Zmax=32

GOTO Bud

SpeadCheck:

GOSUB SquareLawIntercept
NE=31,83%Qte/Qei

RETURN

Bud

Appendix F
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IF Zmax=0 THEN GOTO Sun

Nesxinst
2=
o xSpeed:

-3 PouwerCostCalculation:’
s a

EETURN :/to ©

HindaxSpeed:’
IF Nf>LastMax THEN LastMax=Nf
IF Nf<LastMin THEN LastMin=Nf

RETURN: 7

MaxPower:’

p=plast

Punow=Qlast*P*FNKp/L3

IF Selection$="variablsspeed" THEN GOSUB Torque

F THEN LET
How Bumaxtl.l:’ Mc = Motor capacity
RETURN: * £

Torgue:

IF Squibb=0 THEN NAn=N(i)

IF Squibb=i THEN Nnn=Nf

Tqnow=Punow/(2%3 . 14*Nnn)

1F Tq qnow THEN LET Tg g

appendix F

1

£f

from 11

to 11 -

from 1,m
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Tqo=1. LeTgrax

LET Squibbri

Return

8 eFanCost:‘ from £

iF PSMAx>5.9999996 THEN Barefan=(~21.78%Ds(mn,i,w) 2+337.8%_
Os(m,n,i,w)-539.9)%1000
IF Psmax<5.9999996 THEN BareFan=(~18.00%DS(m.n, i,w) 2+305.7%_

DS(m,n,i,w)-514.3)%1000

RETURN: © to £
TimCheck:’ from s
IF Tim<(ChangeTim+l) THEN LET Selection$="FixedFan":RETURN s
Selection$="rreen

Method$="Changelnp"

IF art=1 THEN GOTO Arty

IF Tim=(ChangeTim+l) THEN LET Tim=ChangeTim:Art=1:Qt=0last:Pt=piast
Arty:

GOSUB Changelmp: ¢ t
RETURN: to s
Changelmp: ' from t

IF $ss=1 THEN GOTO jupiter

LET ww=s

:ii=iinmen:Dys=0s(m,n, 1,%)

FOR m=1 TC 8¢SHOULD BE © 70 &
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FOR w=1 TO 3
FOR j=1 TO 4 7SHOULD BE 1 TO 4

Pumax=0

MarginalCost=0

IF Ttt=i THEN RETURN:’ to A
1 pSpeed= 3,14+Dss*N(i)*ad(m)

iF TipSpeed>140 THEN GOTO neptune

jupiter:

GOSUB EstimateEfficiency:’ u
LET Sss=1

TF 2=0 THEN LET Ttt=1:G0TC ape

1F Tim=ChangeTim THEN RETURN:' to t
GOSUB MarginalPowercost:’ v
ape:

RETURN: * to t
pushbuck: * from a

1F 2=0 THEN GOTO neptune
=1

Q=R

P=P{]}

LET 2f=.15 ‘assume initial & final speeds differ

IF i=ii THEN Zf=0 ‘In case they don’t

GO3UB ImpellerReplacementCost:’ .

LET Mmc=Mc  ‘Mc is original motor capacity, value must be retained

IF Mei>Me THEN Me=Mci ‘Mci is motor capacity after impeller/spsed change
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LET 1j=i ‘motor cost will be based on this speed option

GOSUB MotorCost

Motorz=Motar

1j=ii  ‘motor cust will pe based on originsl speed option

GOsUB MotorCost

D . ta=Motor-Hotor

‘¢ Delta<p THEN LET Delta=0 ‘Delta is cost penalty if 2nd speed is lowe
IF Delta>0 THEN LET Notor = Motor2

Me=tme

TotMargCostaMarginalCost: Impeller+2f *Motor+belta

©OSUR CompareThesetosts ’ an
neptune:

LET %=1

NEXT §,u,&

Tte=0

IF =0 THEN GOTO blesbok

1P £y>HMc THEN apacity
IF HotorCapacity<Mc THEN MotorCapacity-=Mc
I3=1ii

GOSUB MotorCost

Totsl gy inalCost

1F TotalCost<lastTotalCost THEN LastTotalCost=TotalCost

TF TotalCost>LastTotalCost THEN GOTO eaver

GOSUB Changedip’ F
wISUB Fantdentiticatio.’ a

Beaver:




Progran listing

LET weww
LET i=1i

LET memm

LET Ds{m,n,1,w)=Dss
GOTO blesbok

PstimateEfficiency:’
Papt
Qte=gt#(1/Dss)~3%(31.83/N(1))/VoluseCorrection(w)
Pro=FiHe#(31.83/Dss/N(1))"2

Rte=Ptc/Qte 2

LET n=1
Pmax=A(n,m)*Quin{n,m)*2+B(n,n)*quin(n,m}+C(n,m}
Rmax=Prax/Qmin{n, )’ 2

IF Rt<Rmax THEN GOTO Proceadl

LET n=2

Prax=A(n,m)*Qnin(n,n) 2+B(n,n)*quin{n, m)+c(n,m)
Rmax=Prax/Qmin{n,m3*2

IF Rt<Rmax THEN GOTO Proceedl

LET n=3

Prax=A{n,m)*qmin(n,m) 2+B(n,n)*Qein(n,m)+C(n, m}
Rmax=Pmax/Qnin(n,m)~2

IF Rt<Rmax THEN GOTO Procesd3

LET n=4

Pnax=A(n,m) *Qmin(n,m)~2+B{n,m) *Qrin(n,m)+C(n,m}
Rmax=Pmax/Qmin(n,m)*2

IF Rt>Rmax THEN GOTO Outlst

Appendix P
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Program listing

Procesds:
GOSUB Squarelawintercept

IF Qti>Qel THEN GOTO Outlet
Recheck2:

LET Qoil=Qci:izi=z

L2 n=ntl

coSUB SguarelavIntercept
IF Qte<Qei THEN GOTO CloseVana2
2=+ (21~2)*(Qtc-Qel ) /(ell-gei}
IF Tim=ChangeTim THEN Zlast = 2
RETURN/

Cutlet:

2=0

RETURN

Closevane2:

IF n=5 THEN GOTO Outlet

GOTO Recheck2

MarginalPowerCost:
GOSUB MaxiPower
Zave=({2Zlast+2)/2
zlasteZ
Qave=(Qlast+Qt) /2
Qlast=Qt
Pave=(Plast+Pt), 2
Plast=Pt

GOSUB MaxiPower’

Appendix

‘to u

‘from v

]




program listing Appendix F

p=Pave
Pu=QaverPave*FNKp/zave

EnergyConsumption = Pwk24%365

¥ Y pti

(1+PowerEscalation}*(Tim=1)}/(1+Hurd)eRate)*(Tin)

MarginalCost=MarginalCost+EnergyRands

RETURN” to v
Fanldentification: ‘from J
Dselected=Dss

OriginalWidth=Wdth(ww)
originalSpeed=ii
originalOverDia=od(mm)*100
Motorsize=hc

RETURN ‘to J

MotorCost:
IF Selection$= *VariableSpeed" THEN GOTO VariSpeedCost

IF Tj=1 THEN Xy=l

IF Ij=2 THEN Xy=1.15:'Factor for correcting cost f:. apeed

IF 1§=3 THEN Xy=1.4

IP Ij=4 THEN Xy=1.54

IF Hec> 1999 THEN Motor=Xy(-.0000075#MGA2+,1125%Mc=13}> 1000 tRETURN

IF Mo< 1800 THEN MOtOr=Xyw(-7.918+10%(=6)%Mc~2+.10014Nc  *5,47)*1000 : RETU

Motor=Xy*180000: RETURN




Program listing Appendix F

AP, VariSpeedCost:
S MOtor=257004Tqe

AR RETURN

TotalcostCalculation:

I Selection$="FixedFan" THEN TotalCost=Barefan+Motor+Energy

I Selection$="ViriableSpeed" THEN TotalCostmBareFan+Motor+Energy

RETURN

3 InpellerReplacementCostt ' £rom mm
B IF w<ww THEN GOTG SWOP

. 5 IF w>ww THEN GOTO SWOP

IF m<am THEN GOTO SWOP

5 P e IF m>mm THEN GOTO SWOP

Inpeller=0

RETURN ‘to mm
SWOR:

IF P>7.998 THEN Impeller={.283%Q*2+124.2%Q+15069)_

*1 lation)*( in-1)/(1+HurdleRate)~(ChangaTin) :RETURN

IF P>5.996 THEN Impeller=(.459*Q*2+50.30%Q+13000)_

#{1+FanCostEscalation)”{ChangeTin-1)/(1+HurdlaRate)~(Chang~Tim) :RETURN

IF P>3.994 THEN Impeller=(.972#Q%2+105.4+Q+28200)_

*{1+FanCostscalation)*{ChangeTin-1)/(1+HurdleRata) ~(Chy geTin) :RETURN
Impeller={.171%Q"~2+141.0%Q+12186)_

#{1+FanCostEscalation)+(ChangeTin-1}/(1+HurdleRate}*(CteryaTim}
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Program listing appendix F
)

RETURN® to mm §

CompareTheseCostst ‘from an

LET TtE=1

!F TotMargCost<LastMarginalCost THEN LastMarginalCost=TotMargCost

iF TotMargCostwLastMarginalCost THEN GOTO Pawpaw

RETURN

Pawpaw:

IF w=1 THEN SFinalWidth=1.06%100

IF w=2 THEN SFinalWidth=1.0 *300

IF w=3 THEN SFinalWidth=0.80%100

IF m=1 THEN SfinalDiameter=l.10#100

IF m=2 THEN sfinalDiameter=1.08+100

IF w=3 THEN SFinalDiameter=1i.06%100

IF w=4 THEN sFinalDiameter=1.04#100:‘ Fan identification

IP m=5 THEN SFinalDiameters1.02#100

IF m=6 THEN SFinalDiameter=i.00%100

IF m=7 THEN SFinalDiameter=0.98%100

IF m=8 THEN SFinalDiameter=0.96%100

IF i=1 THEN SSpeed=16.33

IF i=2 THEN SSpeed=12.33

IF i=3 THEN 5Speed=9.83

IP i=4 THEN SSpeed=8,25

Motercapacity=Hci

RETURN® to nn -

) ChangedlD:




Program listing

FinalWidth=SFinalWidth
FinalDiameter=SFinaldianeter
Speed=SSpeed

RETURN'

taxiPower; ¢
P=Plast

Punow=Qlash kPAFNKp/Z

1F THEN LET
Mci= Pwmax#l.l:’

RETURN: ' to

Appendix F

trom G,H

Mci = Motor capacity aftsr chang

G,




Appendix G

Site name: Vaal Reefs #5

Job refe:

ce: Change time semsitivity, Run #6

Initials: DPB

INPUT

Date: 88/04/10

Mumber of duty points considered: &
Initial volume flowrate per fan (m"3/s): 187.0

Initial fan pressure rise (kPa): 7.00

buty No 2
volume flowrate (m*3/s) = 200.0
Fan pressure rise (kPa) = 6.24

Prd in years when this duty will be required: 1

Duty No 3
Volume flowrate (w'3/s) = 212.0
Fan pressure rise (kPa) = 5.50

Prd in years when this duty will be required: 2

Duty No 4
Volume flowrate (m*3/s) = 279.0
Fan pressure rise (kPa) = 5.08

Prd in years when this duty will be required: 3

buty No 5

Volume flowrate (m"3/s} = 282.0
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Fan pressure rise (kPa) = 5.30

Prd in years when this duty will be required: S

Duty No &
Volume flowrate (m°3/s) = 300.0
Fan pressure rise (kPa) = 5.10

Prd in years when this duty will be required: 9

Site barometric pressure {kPa) = 88.0

Inlet air temperature (degree C) = 25.0

Life of the installation (years) = 20.00

sverage initial power cost (cents/kWh) = 5.00
Assumed annual power cost escalation (%) = 10.00
Assumed escalation in fan capital cost (%) = 10.00
Required hurdle rate (%) = 20

Time (years ) to impeller and speed change = i

OUTPUT

FIXED GEOMETRY CONSTANT SPEED FAN
Total cost R 6912401

Motor capacity 2045 kW

Impeller standard diameter # 1.654 m
Rotational speed 9.83 rev/s
Impeller overdiameter = 106.00%

Inpeller overwidth = 100.00%

FIXED GEOMETRY VARTABLE SPEED FAN
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Total cost R 7422690

Motor capacity 2036 kW

Impeller standard diameter = 3.654 m
Rotational speed (maximum) 9.83 rev/s
Rotational speed (minimum) 9.27 rev/s
Impeller overdiameter = 106.00%

Impeller overwidth = 100.00%

CHANGE IN IMPELLER SIZE AND SPEED

Total cest R 6770113

Motor capacity 2000 kW

Inpeller standard diameter = 3.654 m
Initial select on:

Rotationalspeed 9.83 rev/s

Impeller overdiameter = 106.00%

Tnpeller overwidth = 100,u0%
Final selection:

Rotationalspeed 9.83 rev/s

Impeller overdiameter = 104.00%

Impeller overwidth = 100.00%

v AT A
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appendix G

Site names: Vaal Reefs #i
Job reference: Change time sensitivity. Run 41

Initials: DPB ®

INPUT

bate: 88/04/08

Wumber of duty points considered: 6
Initial volume flowrate per fan (m"3/s): 187.0

Initial fan pressure rise (kPa': 7.00

Duty No 2
Volume flowrate (m*3/s) = 200.0
Fan pressure rise (kPa) = 6.24 -

Prd in years when this duty will be required: 1

Duty No 3
Volume flowrate (m'3/s) = 212.0
Fan pressure rise {kPa) = 5.50

Prd in years when this duty will be required: 2

buty No 4
Voluwe €lowrate (m“3/s) = 279.0

Fan pressure rise (kPa) = 5.08

Prd in years when this duty will be required: 3 -
o3 Duty No §
oin Volume flowrate (m*3/s) = 282.0
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Fan pressure rise (kPa) = 5.30

Prd in years when this duty will be required: 5

puty ¥o 6
Volume flowra“e (m°3/s) = 300.0
Fan pressure rise (kPa) = 5.10

Prd in years when this duty will be required: 9

Site barometric pressure (kPa) = 88.0

Iniet air temperature (degree C) = 25.0

Life of the installation (years) = 20.00

Average initial power cost {cents/kWh) = 5.00
Assumed annual power wost escalation (%) = 10.00
Assumed escalation in fan capital cost (%) = 10.00
Required hurdle rate (%) = 20

Time (years ) to impeller and speed change = 3

ouTHUT

FIXKED GEOMETRY CONSTANT SPEED FAN
Total cost R 6912401

Motor capacity 2045 kW

Impeller standard diameter = 3.654 m
Rotational speed 9.81 rev/s
Impeller overdiameter : 106,00%

Impeller overwidth = 100.00%

FIXED GEOMETRY VARIABLE SPEED FAN

126




Total cost R 7422690

Motor capacity 2036 kW

Impsller standard diameter = 3.654 m
Rotational speed (maximum) 9.83 rev/s
kotational speed (minimum) 9.27 rev/s
Impeller overdiameter = 106.00%

Impeller overwidth = 100.00%

CHANGE IN IMPELLER SIZE AND SPEED
Total cost R 6770504
Motor capacity 1979 kW
Impeller standard diameter = 3.654 m
Initial selection:
Rotationalspeed 9.8 rev/s
Impeller overdiameter = 106.00%
Impeller overwidth = 100.00%
Final selection:
Rotationalspeed 9.82 rev/s
Impeller overdiameter = 102.00%

Impeller overwidth = 100.00%

Agpendix G
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Site name: Vaal Reefs #5
Job reference: Change time sensitivity. Run #2

Initials: DEB

INPUT

Date: 88/04,/08

Numter of duty points considered: 6
o Tnitial volume flowrate per fan (m"3/s): 187.0

i Initial fan pressure rise (kPaj: 7.00

buty No 2
volume flowrate (m"3/s) = 200.0
Fan pressure rise (kPa) = 6.24

Prd in years when this duty will be required: 1

puty No 3

volume flowrate (m°3/s) = 212.0

Fan pressure rise (kPa) = 5.50

Prd in years when this duty will be required: 2

buty No 4
Volume flowrate {m*3/s) = 279.0

Fan pressure rise (kPa) = $.08

Prd in years when this duty will be required: 3

Duty No 5

Volume flowrate (m*3/s) = 282.0
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Fan pressure rise (kpa) = 5.30

Prd in years when this duty wili be required: 5

puty No &
volume flowrate (m-3/s) = 300.0
Fan pressure rise (kPa) = 5.10

Prd in years when this duty will be required: 9

Site barometric pressure (kPa) = 88.0

Inlet air temperature (degree C) = 25.0

Life of the installation (years) = 20.00

Average initial power cost (cents/kwh) = 5.00
Assumed annual power cost escalation (%) = 10.00
Assumed escalation in fan capital cost (3) = 10.00
Required hurdle rate (%) = 20

Time (years } to impeller and speed change

oUTPUT

FIXED GEOWETRY CONSTANT SPEED FAN
Total cost R 6912401

Motor capacity 2045 kW

Impeller stardard diameter = 3.654 m

Rotational speed 9,83 rev/s

{mpeller overdiameter = 106.00%

Inpeller overwidth = 100.00%

FIXED GEOMETRY VARIABLE SPEED FAN
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Total cost R 7422
Motor capacity 2036 -

Impeller standard diamete-
Rotational speed (maximum)

Rotational speed (minimum}

3.65¢ m
9.8) rev/s

9.27 rev/s

Impeller overdismeter = 106.00%

I -.ller overwidth = 100.00%

CHANGE IN IMPELLER SIZE AND SPEED

Total cost R 6816928

Motor capacity 1979 kW

Impe)ler standard diameter = 3.f34 &
Initial selection:

Rotaticnalspeed 9.83 rev/s

Impeller overdiameter = 106.00%

Impeller overvidtrn = 100.00%
Fina. selection:

kotationa.speed 9.83 rev/s

Irpeller -verdiameter = 102.00%

Impeller overwigth = 100.00%
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Site name: Vaal Reefs #5
Job reference: Change time sensitivity. Run #3

Initials: DPFB

INPUT

Date: 88/04/08

Number of duty points considered: &
Initial volume flowrate per fan (m°3/s): 187.0

Initial fan pressure rise (kPa): 7.00

Duty No 2
Volume flowrate (m*3/s} = 200.0
Fan pressure rise (kPa) = 6.24

Prd in years when this duty will be required: 1

buty No 3
Volume flowrate (m°1/s) = 212.0
Fan pressure rise (kpa) = 5.50

Pra in years when this duty will be required: 2

buty No 4
Volume flowrate (m3/8) = 279.0
Fan pressure rise (kPa) = 5.08

Prd in years when this duty will be required: 3

Duty No 5
Volume flowrate (m'3/s) = 282.0
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Fan pressure rise (kPa] = 5.0

Brd in years when this duty will f» required: 5

Buty No 6
Volume flowrate (m*3/s) = 300,0
Fan pressure rise (kPa) = 5.10

Pra in years when this duty will be required: 9

Site barometric pressure (kPa) = 88.0
Inlet air temperature (degree C) = 25.0

Life of the installation (years) = 20.00

Average initial power cost (cents/kWh) = 5.00
Assumed annual power cost escalation (%) = 10.00
Assumed escalation in fan capital cost (%) =~ 10.00
Required hurdle rate (%) = 20

Time (years ) to impeller and speed change = 9

OUTPUT

FIXED GECMETRY CONSTANT SPEED FAN
Total cost R 6912401

Motor capacity 2045 kW

Impeller standard diameter = 3.654 n
.otational speed 9.8) rev/s
Impeller overdiameter = 106.00%

Impsller overwidth = 100.00%

FIXED GEOMETRY VARIABLE SPEED FAN
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Total cost R 7422690
Motor capacity 2036 KW

Inpeller standard diameter = 3.654 m

Rotational speed (maximum) 9.83 rev/s

Rotational speed (minimum) 9.27 rev/s

Impeller overdiameter = 106.00%

Inpeller :verwidth = 100.00%

. CHANGE IN IMPELLEK SIZE AND SPEED
Total cost R 6854219
Motor capacity 2045 KW
Inpeller standard diameter = 3.654 m
Initial selecti-n:

Rotationalspeed 9.8 rev/s

Impeller overdiameter = 106.00%
Impeller overwidth = 100.00%
Final selection:
Rotationsispeed 9.83 rev/s
Impeller overdiameter = 102.00%

Impeller overwidth = 100.00% f
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Site name: Vaal Reefs #5
Job reference: Change time sensitivity. Run #4

Initials: DPB

INPUT

Date: 88/04/08

Number of duty points considered: 6
Initial volume flowrate per fan (m*3/s): 187.0

Initial fan pressure rise (kPa): 7.00

Duty No 2
volume flowrate {m"3/s) = 200.0
Fan pressure rise (kPa) = 6.24

Prd in years when this duty will be required: 1

Duty No 3
Volume flowrate (m°3/s) = 212.0
Fan pressure rise (kPa) = 5.50

Prd in years when this duty will be required: 2

outy No 4
Volume flowrate (m3/s) = 279.0
Fan pressure rise (kPa) = 5.08

Pra in years when this duty will be required: 3

Duty No 5

volume flowrate (m"3/s) = 282.0
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Fan pressure rise (kPa} = 5.30

Prd in years when this duty will be required: 5

Duty No &
vVolume flowrate (m*3/s) = 300.0
Fan pressure rise (kPa) = 5.10

Prd in years when this duty will be required: 9

Site barometric pressure (kPa) = 88.0

Inlet air temperature (degree C) = 25.0

Life of the installation (years) = 20.00

Average initial power cost (cents/kWn) = 5.00
Assumed annual power cost escalation (%) = 10.00
Assumed escalation in fan capital cost (%) = 10.00
Required hurdie rate (%) = 20

Time (years ) to impeller and speed change = 12

ouTPUT

FIXED GEOMETRY CONSTANT SPEED FAN
Total cost R 6912401

Hotor capacity 2045 kW

Inpeller standard diameter = 3.654 m
Rotational speed 9.83 rev/s
Impeller overdiameter = 106.00%

Inpeller overwidth = 100.00%

FIXED GEOMETRY VARIABLE SPEED FAN
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Total cost R 7422690

Motor capacity 2036 kW

Impeller standard diameter = 3.654 m
Rotational speed (maximum) 9.82 rev/s
Rotational speed (minimum) 9.27 rev’s
impeller overdiameter = 106.00%

Inpeller overwidth = 100.00%

CHANGE IN IMPELLER SIZE AND SPEED

Total cost R 6378124

Motor capacity 2045 kW

Inpeller standard diameter = 3.654 m
Initial selection:

Rotationalspeed 9.81 rev/s

Impeller overdiameter = 106.00%

Impeller overwidth = 100.00%
Final selection:

Rotationalspeed 9.83 rev/s

Impeller overdiameter = 102,00%

Impeller overwidth = 100.00%
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Site name: vaal Reefs {5
Job reference: Change time sensitivity. Run #5

initials: DPB

INPUT

Date: 88/04/08

Numper of duty points considered: 6
Initial volume flourate per fan (m*3/s): 187.0

Initial fan pressure rise (kPa}: 7.00

duty No 2
Volume flowrate (m"3/s) = 200.0
Fan pressure rise (kPa) = 6.24

Prd in years when this duty will be required: 1

outy No 3
Volume flowrate (m"3/s) = 212.0
Fan pressure riss (kPa) = 5.50

Prd in years when this duty will be required: 2

outy No ¢
volume flowrate (m°3/s) = 279.0
Fan pressure rise (kPa) = 5.08

Prd in years when this duty will be required: 3

outy No 5

volume flowrace (m"3/s) = 282.0
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Fan pressure rise (kPaj = 5.30

Prd in years when this duty will be required: 5

Duty No &
Volume flowrate (m"3/s) = 300.0

Fan pressure rise (kPa) = 5.10

©

Prd in years when this duty will be required:

Site harometric pressure (kFa) = 88.0

Inlet air temperature (degree C) = 25.0

Life of the installation (years) = 20.00

Average initial power cost (cents/kWh) = 5.00
Assumed annual power cost escalation (%) = 10.00
Assumed escalation in fan capital cost (%) = 20.00
Required hurdle rate (%) = 20

Time (years ) to impeller and speed change = 2

OUTPUT

FIXED GEOMETRY CONSTANT SPEED FAN
Total cost R 6912401

Motor capacity 2045 kW

Inpeller standard diameter = 3.654 m
Rotational speed 9.33 rev/s
Impeller overdiameter = 106.00%

inpeller overwidth = 100.00%

FIXED GEOMETRY VARIABLLC SPEED FAN

138




Appendix G

Total cost R 7422690

Motor capacity 2036 ki

Impeller standard diameter = 3.654 m
Rotational speed (maximum) 9.83 rev/s
Rotational speed (minimum) 9.27 rev/s
Inmpeller overdiameter = 106.00%

Impeller overwidth = 100.00%

CHANGE IN IMPELLER SIZE AND SPEED
Total cost R 6755578
Mc*or capacity 1979 kW
Impeller stanaard diameter = 3.654 m
Initial selection:
Rotationalspeed 9.83 rev/s
Inpeller overdiameter = 106.00%
Impeller overwidth = 100,00%
Final selection:

Rotationalspeed 9.83 rev/s

Impeller overdiameter = 102.00%

Inpeller overwidth = 100.00%
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Site name: Loraine #4
Job reference: Assuming 3 fans are used to mee: duties

Initials: DPB

INPUT

Date: 88/05/06

Number of duty peints considered: 4
Initial volume flowrate per fan (m"3/s): 198.6

Initial fan pressure rise (kPa): 2.84

Duty No 2
Volume flowrate (m*3/s) = 211.0
Fan pressure rise (kPa) = 2.46

Prd in years when this duty will be required: 2

Duty No 3
volume flowrate (m‘3/s) = 202.7
Fan pressure rise (kPa) = 2.60

Prd in years when this duty will be required: 5

Duty No 4
Volume tlowrate (m°3/s) = 216.3
Fan pressure rise (kPa) = 2.12 -

Prd in years when this duty will be required: 10

Site barometric pressure (kPa) = 88.0

Inlet air temperature (degree C) = 25.0
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Life of ths installation (years) = 20.00

Average initial power cost (cents/kWh) = 5.00
Assumed annual power cost escalation (%) = 10.00
Assumed escalation in fan capital cost (%) = 10.00
Required hurdle rate (%) = 20

Time (years ) to impeller and speed change = §

OUTPUT
FIXED GEOMETRY CONSTANT SPEED FAN
Total cost R 2835282

Motor capacity 745 kW

Impeiler standard diameter = 3.381 m
Rotational speed 8.25 rev/s
Twpeller overdiameter = 104.00%

Impeller overwidth = 100.00%

FIXED GEOMETRY VARIABLE SPEED FAN
Total cost R 29877%%

Motor capac.ty 761 ki

Impeller standard diameter = 3.627 m
Rotational speed (maximum) 3.25 rev/s
Rotational speed (minimum) 7.16 rev/s
Impeller overdiameter = 96.00%

Impeller overwidth = 100.00%

CHANGE IN IMPELLER SIZE AND $PEED

Total cost R 2835282




Motor capacity 745 kW
Inpeller standard diameter = 3.381 m
Initia! selection:
Rotationalspeed 8.25 rev/s
Impeller overdiameter = 104.00%
Impeller overwidtn = 100.00%
Final selection:
Rotatjonalspeed 8.25 rev/s
Inpeller overdiameter = 104.00%

Impeller ovrrwidth = 100.00%
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Site name: Loraine #5
Job reference: Assuming 2 fans are used to meet duties

Initials: DPB

INPUT

Date: 88/05/07

Number of duty points considered: 4
Initial volume flowrate per fan (m*3/s): .61.0

Initial fan pressure rise (kPa): 3.70

Duty No 2
Volume flowrate (m*3/s) = 220,0
Fan pressure rise (kPa) = 3.50

Prd in years when this duty will be required: 2

Duty No 3
Volume flowrate (m°3/s) = 315.0
Fan pressure rise (kPa) = 3.70

Prd in years when this duty will be requirsd: =

Duty No 4
vVolume flowrate (m°3/s) = 311.0
Fan pressure rise (kPa) = 3.20

Prd in years when this duty will re reguired: .0

Site barometric pressure (kPa) = 4.0
Inlet air temperature (degree C) = 25.0
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Life of

EoRae Average
Assuned

Assumed

Required hurdle rate (%) =

appendix G

the installation (years) = 20.00

initial power cost ({cents/kWh) = 5.

annual power cost escalation (%) =
escalation in fan capital cost (%)

20.00

00
13.00

= 10.00

@

Time (years ) to impeller and speed change =

OUTPUT

No practicle fixed spesed se.ection

FIXED GEOMETRY VARIABLE SPEED PAN
Total cest R 5496083

Motor capacity 1577 k¥

Impeller standard diameter = 3.868 m
Rotational speed (maximum) 8.51 rev/s
Rotational speed (minimum) 7.11 rev/s
Inpeller overdiameter = 104.00% v
Impeller overwidth = 100.00%

No practicle fixed speed selection
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Site name: Hartebeestfontein #3
Job reference: Assuming 2 fans are used to meet duties

Initials: DPB

INPUT

Date: 88/06/07

Number of duty points considered: 6
Initial volume flowrate r fan (m*3/s): 324.5

Initial fan pressure rise (kPa): 6.50

outy No 2
volume flowrate (m°3/s) = 300.0
Fan pressure rise (kPa) = .80

Prd in years when this duty will be required: 2

buty No 3
volume flowrate (m*3/s) = 226.5
Fan pressure rise {kPa) = .50

Pra in yeacs when this duty will be required: 5

Duty No 4
Volume flowrate (m*3/s) = 232.5
Pan pressure rise (kPa) = 6.30

Prd in years when this duty will be required: 10

Duty No 5

volume flowrate {m"3/s) = 200.5
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Fan pressure rise (kFa) = 6.90

Prd in years when this duty will be required: 15

Duty No &
volume flowrate {u"3/s) = 123.5
Fan pressure rise (kPa) = 4.80

Prd in years whe this duty will be required: 18

site barometric pressure (kPa) = 88.0

Inlet air temperature (degree C) = 25.0

Life of the installation (years) = 20.00

Average inititl power cost {cents/kWh) = 5.00
Assumed annual power cost escalation (%) = 10.00
Assumed escalation in fan capital cost (%) = 10.00
Required hurdle rate (%) = 20.00

Time {years . .o impeller and speed change = 5

OUTPUT

No practicle fixed speed selection

FIXED GEOMETRY VAKIABLE SPEED FAN

Total cost R 7717959

Motor capacity 2816 kW -
Impeller standard diameter = 3,436 m

Rotational speed (maximum) 12.33 rev/s

Rotational speed (minimum) 9.02 rev/s

Impeller overdiameter = 102.00%
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Impeller overwidth = 100.00%

No practicle variable speed selection




Appendix G

Site name: Hartebeestfontein #5
Job reference: Assuming 2 fans are used to meet duties

Initials: DPB

INPUT

Date: 88/05/07

Number of duty points considered: 6
Initial volume flowrate per fan (m*3/s): 94.5

Initial fan pressure rise (kPa): 2.60

puty No 2
volume flowrate (m3/s) = 195.5
Fan pressure rise (kPa) = 5.20

Prd in years when this duty will be requirad: 2

Duty No 3
Volume flowrate (m"3/s) = 281.5
Fan pressure rise (kPa) = 5.00

Prd in years when this duty will be required: 5

puty No &
volume flowrate (m"3/s) = 349.0
Fan pressure rise (kPa) = 4.20

Prd in years when this duty will be required: 10

Duty No 5

Volume flowrate (m"3/s) = 330.0
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o Fan pressure rise (kPa) = 5.10

Prd in years when this duty will be required: 15

Duty No 6
Volume tlowrats (m*3/s) = 289.5
Fan pressure rise (kPa) = 6.00

Prd in years when this duty will be required: 18

site barometric pressure (kPa) = 88.0
Inlet air temperature (degree C) = 25.0

Life of the installation (years) = 20.00

Average initial power cost (cents/kWh) = 5.00
Assumed annual power cost escalation (%) = 10.00
Assumed escalation in fan capital cost ($) = 10.00
Required hurdle rate (%) = 20.00

Time (years ) to impeller and speed change = 5

QUTPUT

e practicle fixed speed selection

No practicle varisble speed selection -

No practicle variable speed selection
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