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ABSTRACT

¢ In this study, an attempt has been made to determine
thé3optimum duct sizes for minimum owning and operating cost
(life cycle cost) of an airconditioning ducting system. In
this regard, a mathematical model has Been dé;éloped considering
multipath ducting system. A computer program has also been
developed to find the bptimﬁm solution of the model. The
model has been applied to a specified ducting syétem. The
result of the probosed method'has been compared with those
of:othef conventional duct sizing methodé for the specified,
ducting system. Comparison shows that the minimum life cycle
~cost obtained by the proposed method is 9.23 percenf and
4.12 percent lower than those obtained by Static regain and

Equal friction methods respectively;
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CHAPTER 1
INTRODUCT ION

1.0 GENERAL

" With the development of technology and subsequeﬁt
increase in standard of.living airconditioning has become
a part of modern life either for creating comfortable
environment or hecessary environment for storage agd

production.

A comfortable and healthy environment is now considered
a necessity rather than luxury,land many modern processes
and products would not have existed without precise control
of environmental conditions. Application of airconditioning
has made all these things possible. Maintenance of warm
space in the cold months and cool space in thé warm months
providescomforf and incfease productivity"through the

efficient use of human resources.

During the last few decades the prices of natural
resources have increased a lot and with it.the prices of
energy, services, commodities and other things have increased.
Scientists and engineers in different fields are giving their
hiéhést efforts to introduce new products or modified versions
of the existing products/systems to perform tﬁe same task at
lower cost but in a better way and thus to cope up with the -
price hike. In line with the rise in cost of materials,

.manufacturing'and.énergy, the cost of airconditioning has .



also increased tremendouély. Researches are being carried
out to find out possible avenues for cost reduction in
airconditioning. Any optimization fechnique to reduce cost
of airconditioning will bring blessings to its potential

users.

Airconditioning as a whole is a-composite system
comprlslng of some subsystems. Ductlng system of central
alrcondltlonlng, also known as the air distribution system,
 is one of its subsystems that inv017es substantial amount
of owning and operating costs. Optimization of the complete
alrcondltlonlng system may be somewhat difficult but optl-
mization of any subsystem may not be so difficult. Since
ducting systeﬁ is one 6f the most important subsystems of
a central airconditioning systém, where saving in the 6wning
and operating costs may give substantial benefit to its
owner, it is worthwhile to optimize airconditioning ducting

1

system.

1.1 STATEMENT OF THE PROBLEM

In aipconditioning ducting'system,.blower capacities
-are very much dependent on the duct sizes and vice-jersa;
The purpoée'of the blower is to impért energy to air-so that
" it can flow from one part to another part overcoming the

frictional losses in.different'duct sections and duct :ittings.



Losses in pressure due to fricfion in straight ducts or due
to fittings are directly proportional to the square of the
Yelocity of air in the duct.,Again duct cross-sectional

afea is inversely proportional to the velocity of air. Frqm
the above relationship if can be stated that duct area will
reduce with inérease in air vélocity in a duct. But the
energy consumption by the blower will increase with increase
in air velocity..The relationship of dﬁcting cost and present
worth of energy cost with vélocity of air is shown in fig.1.1.
Fiom this figure (Fig.-1.ﬁ) it is evident that the minimum

of combined owning cost of ducting and present worth of the

energy cost occurs at a specific air velocity.

The problem in this research work is to develop a
mathematical model, along with solution process, to findout
the optimum duct sizes and corresponding blower capacity to
minimize the combined owning and'energy costs of a ducting

layout with specified amount of air flow.

An arbitfgry duct layout (Fig. 1.2) is considered
here to explain the problem. In the arbitrary.ducting sysﬁem
shown in Fig. 1.2,. there are n number of straight duct |
sections and-one blower to deliver Qs Qg seeeee Q mB/Sec
through theé terminals m, m + 1, .... n respectively. It is
now required to find oﬁt the sizes of the n duct sections
and the'size of the blower for which life cycle owning cost

of ducting and present worth of the energy cost of the blower

is minimum.



1.2 OBJECTIVES OF THE STUDY

The objectives of .the present rpsearch_Work.are:

i) To develop a mathematical model to design an
'airconditioning ducting system which will givé
an optimized comblned owning and operatlng cost

of the air distrlbutlon system.

ii) To develop a computer program for solution of the

above mathematical model for optimum duct deéigh.

iii) Application of the above model in a specific
airconditioning ducting system (caée study) and
to compare the optimum cost of the system with .

those found by the conventional design methods.

1.3 LIMITATIONS OF THE STUDY

To. avoid complicated mathematical manipulation and to
understand the contribution of duct size and capacity of
motor to the total owning and operating cost of ducting

system, the following limitations have been considered.
i) The model considers circular ducts only.

ii) Factors affectlng noise generatlon have not been

con51dered.

iii) Materials for attenuating noise have not been

considered.



- CHAPTER II

LITERATURE REVIEW

2.0 GENERAL

Because of increase in cost of energy and materials,
production cost as well as owning and operating costs of
different systems are increasing day by day. Scientiéts
and Engineers in different fields are working ceaselessly
to reduce cost of production, owning and system épefatibn
‘costs. One group is working fo improve the quality of a
product and/or efficiency of a system téchnically so that
ultinately the effective cost is reduced. Another group is
working t6 find optimized selection and application of
different variable parameters so that a product may be

produced economically keeping quality within satisfactory
‘llevel or a systenm may:be owned and operated ﬁith a minimum

cost but keeping tﬁe performance withinisatisfactory level.

In line with the above endeavours, engineers and:
scientists are also working in the field of Aircbnditioqing
and Refrigeration to find ways 8o as to reduce the cost of
production and/or owning and the oPérat;ng costs.Both scientific
approach and optimiéation techﬁiques are applied in this
field to achieve the goal The following paragraphs describe

briefly some of the works done in this field.



2.1 SCIENTIFIC APPROACH

In 1982, LORNE W. NELSON and THOMAS BECKE*Y(1)coﬁducted_
a field experiment with varying thermqstat setup at different
time of the day to varify cooling energy savings. They used
hybrid computer to analyse. weather data to prediet thermostat
setup temperature schedule for each day of a week. They
concluded from their observations that with g reaeonably
sieed air conditioning unit, people can expect to save
energy and éet comfort usieg thermostat setup in the
cold seaeon. Setting the thermostat up at night and
during tﬁe day provides significantly more energy savings
compared to a simple setup period. They alsc observed that
computer simulation results using thermostat setup schedules

agree with results from actual family residences.

~ In 1985, NASENBENY, ROBERT J.(2) showed that variable-
air-volume (VAV) airconditioning can cut operating costs by

up to 50% over conventional constant volume (CV) ventilating

systems.

- The basic. economizer control system, is a proven method
of reducing airconditioning costs. This system brings in
cool outdoor air (when available) to reduce or eliminate
the need for mechanical cooling. Cost savings of up to 30
percent can easily be reelized with this type of system when
compared to systems without econemizers, even in systems

with simultaneous heating and cooling. However, during hot



weather the outdoor air will increase cooling costé and the
amount of.air broﬁght in must be kept to a minimum. Thus,

the "high limit cut-off" must determine if the outdoor air
can provide free cooling, and disconnect the mixed air
controller from the dampers if it cannot. The performance

of this device is critical to the economizer system. Several
) different types of high.limit controls are in use today ..

DALE K. DICKSON and STEVEN T. ToM(3) in 1986 described the’
advantages and disadvantages of these controls and proposed

a new control system which provides a good compronise between

performance and maintainability.

An ideal high limit controllér compares the enthalpies
of the outdoor énd return air and disconnect the economizer
whenever the enthalpy of the outdoor air is higher. In
contrast to the ideal high limit controller Dale K. Dickson
and Stefen'T. ﬂb&?%roposed a high limit cut-off switch,
which is adjusted to minimize érror caused by the difference
in outdoor and room humidities, known as optimized dry bulb
economizer. They showed'that economizer control system wiﬁh;
optimized dry bulb operation is more efficient than that of
enthalpy comparison. A computer simulation of a dual duct |
system in Indiana, showed that this type of.control would reduce
annual heatihg and cooling costs by 21 percent compared to
operation on minimum outdoor air. |

4)

GIL AYERY( one of thé ASHRAE members, studied the

design aspects of an outside air economizer cycle in 1986.



He showed that to ensure fhe proper control of the dampers,

it should generally be sized smaller than the return duct
or outside air intake hood or louver. He also showed that
dampers with-combination-of opposed and parallel blades
would be the.best choice to achieve'the optimum performénce.
He further concluded thét an approximate savings of over

74 pefcent of the total system cooling oﬁerating,cosfs can

be achieved, when

i) the return fan requires 5 percent of the total

power required for the mechanical cooling system.

ii) the system is geographically located where the
. economizer cycle can be used for half of the operating

time.

iii) an average yearly mix of 50 percent return air and
‘50 percent outside air satisfies the mixed air

thermostaﬁ.

iv) Fan power varies directly with flow.

In 1986 R.J. TSAL and H.F. BEHLS'®) provided a mathe-
matical model for duct designing with cost optiﬁization.
This model considered only a single path ducting system with
circular ducts. The model does not congider the effects of .
high velocities of -air in the ducts, influence of high
velocity air on local loss coefficients, acoustics and other
practical constraints associated with multipath ducting systeﬁ.

As such a wide scope still exists for further optimization.



.Besideslthese worké some other scientists worked oh
different softwares to reduce cost of designing airconditioning
system. DD4M Air duct design(6)7is a software program to aid
in a wide raﬁge of air duct design applications. This has
been upd ated by M02 Engineering‘Software, Miami, Florida.

The new program incorporates automated entry of 100-plus
standard ASHRAE fitting, seperate calculations for exhaust
and distribution applications and pop-up windows for display
of fittings and theif variation. It accepts unlimited entry
of other devices and fittings by equivalent length, direct

drop or C-factors.

Another such software is "E20-1I plplnq and duct de51gn
software" prepared by Carrier Corporation. None of these

softwares consider cost optimization of airconditioning

ducting system.

4 t'ltr.tﬁf"’ g
‘»;\ - r“ﬁ /
FRANK KOSTYUN and DOUGLAS A. AMES(7)'installed a
' eutectic.storage unit -in Arizona. The eutectic composition

is a mixture of organic salts, water, nucleating and stabili-

e — .

zing materials. The primary salt ingredient is sodium sulfate,
a common chemical found in detergents and other hougehold

products. Being inorganic, eutectics are nontoxic, flammable

or biodegradable. They do not expand or contract while
changing between solid and 1iquid states. The eutectic salt
approach combines the attractive aspects of both chilled
water and ice storage system. Eufectic provide the same

stbrage capacity as water with one~third the tank volume and
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one-ninth the water. With eutectic storage system two third
of the chiller plant operation time is reduced and thus
two important goals of energy management that is reduced

equipment time and reduced energy consumption-are'achieved.

2.2 OPTIMIZATION APPROACH

There had been a number of researches in the. field

?

of optimization, wherein mathematibal solufions_are sought ’
to maximizg-or minimize an objective, known as objective
function, under a number. of certain constraints. In present
. day world, widely used optimization techniques are linear
Programming,‘Dynamic Prbgrgmming, Geometric Pfogramming,
Quedratic Programming, Calculus of Vafiation, Queueing etc.
Researches are also being done to find optimized solutions
in case of multiériteria objectives viz. Goal Programming,
Minimum Deviation Approaélvzgtep-nethod ( STEM) ete. Researches
are also being carried out to find new approaches towards
optimization of different systems. Studies are being carried
' out to apply optimization techniques in Airconditioﬁing
systems, especially to determine optimum ducting system with

minimum life cycle cost. Descriptions of a few optimization

techniques are given below.
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2.2.1 QUADRATIC PROGRAMMING

A special case of the general nonlinear programming
problen churs when the objective function is quadratic,
“and all the constraints are linear. This quadratic program

may be written as

N
n:q

' _ N N . .
Minimize ¥ = E ann + %— 2' E . xhqnpxp
o = p::

%ﬁ a]m@ b; ko= 1,2,0000, N

X O ; ,j=1,2’ oo-n,N

N
32

2.2.2 DYNAMIC PROGRAMMING .

Dynamic programming is a mathematical optimization
technique used for making a series of interrelated decisions.
Usually, a multi-stage decision process is transformed into
a series of single-stage decision pfocesses. Dynamic progras-
mminglstarts with small ﬁortion of the problem gnd finds tha
"~ optimal solution for this'smaller-problem.'lt then gradually
enlarges the problem, finding the cu-rent optimal solution
frém the previous one, until the original problem is solved

in ‘its entirety.
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In contrast to other mathematical programming techniques,
there does not exist a standard mathematical formulation of the
dynamic programming problem. Dynamic programing is a general

strategy for optimization rather than a sPécific set of rules.

2.2.3 GEOMETRIC PROGRAMMING

Latter on in chapter IV it will be seen that the
mathematical mode} for optimization of ducting system for
airconditioning system conforms to the geometric programming
form as such geometric programming problem has been given

special consideration and presented below.

Geometric programming first emerged in 1967 when
Clarence Zener, then Director of Science at Westinghouse
Corporation, observed that many engineering design problems
consiéting of a sum of component costs could sometime§|be

minimized almost by inspection under suitable condition.
Wild and Beighter déscribe the method as follows:

Instead of seeking the optimum values of thé independent
variables first, geomet:ié programming finds the optimal way
to distribute the total cost among the various terms of the
objective functions. Once these optimal allocations are
obtained, often by inspeétion of simple linear equations,

the optimal cost can be found by routine calculation.
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The generalized geometric programming problem appears
~as follows:

T ud qotn -
Minimize 3y, = é;; 6ot Cot ;g% -

Subject-tb constraints of geometric form

Tm ' N a
’ : “mtn
; 6 ut Cnt “ Xn ‘ \<6m

n="1
f r

fOI‘m = 1'2 seswe M

Where

6 ot and 4 £ = * 1 (Sign of each term in the objective
° = function and m-th constraint
respectively).

C,q and Cmt/:S.O (The coefficient of each term in the
° ~~ . .objective function and m-th comstraint
respectively).

xn;;;o : (The independent variables).
Gm =2 1 (The constant bound of the constraint).
% tn and. 8 tn are the exponents of the n-th 1ndependent

variable of the t-th term of the objective
function and m-th constralnt respectively.

M = Number of constraints
To= Number of terms in the objective function.
T1’T2""' th‘ are the number of terms 1n each constraint,

1 to M, respectively.
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"CHAPTER IIT

THEORY OF DUCT DESIGNING

%.0 GENERAL

The purpose of the airconditioning ducting sySEem is
to deliver a specified amount of air to each diffuser in

the conditioned space, so as to ensure proper amount of
cqoling effect énd the proper air motion within the space.
The method used for layout and sizing of the duct system
must result in a reasonably quiet operation of the air-
condifioning'system and must not requiré unusual adjustments

to achieve the proper distribution of air to each space.

3.1 DUCT DESIGNING FACTORS

. 3.1.1 SOUND:

A low noise level is achieved by limitihg the air
velocity inside the duct by using sound—absorbing'dﬁct
matérials of linings, and avoiding drastic restriction in
the duct such as nearly closed dampers. The use of fibrous
glass duct materisl has gained wide acceptance in récent
times because'they are very effective for noise control. -
These ducts are also atractiVel from the fabrication point
of view, because the dgct, inéulation,rand'vépor barr;er‘-
are all the same piece of materizal. Metal ducts are usually

lined inside with fibrous glass material in the vicinity of



'

the air distribution equipment and upto a reasonable
distance away from the equipment. The remainder of the
metal-duct is then wrapped or covered outside with
insulation and a vapor barrier. Insulation on the outside
of the duct aléo act as an agent for attenuating noise and

vibration.

" 3.1.2 LAYOUT

The layout'of the duct system is very important to

' the final design of the system. Geﬁerally the location of

the air diffusers and air moving equipment is first selected

-with some attention given to how a duct system may be

installed. The ducts are then laid out with attention given

to space and ease of construction.

3.1.3 PRESSURE

The total préssure requirement of a duct system is an
important consideration. From the stand point.of'fifst cost,
the ducts should be small; however, small ducts tend to give
ﬁ;gh air velocities, high noise levels and large'lossés in
total preséure.‘Therefqre, a reasonable compromise between
first cost, operating cost and practice must be reached.

The total pressure requirements of a duct system are deter-

mined in two main ways. For residential and light commercial
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applications all of fhe heating, cooling and air moving
~equipment is determided by the heating and/or cooling load.
Therefore, the fan characteristics are known before the
duct design is begun. Furfhermore, the pressure 1ossés in
all other elements.of the system except the supply and
return ducts are known. The total pressure available for
the ducts is then the difference between the total pressure
characteristic of the fan and sum of the total pressure
losses of all of the other elements in the system excluding
ducts. Large commercial and induétrial duct systems are
usually deéigned using velocity as a limiting criterion and
the fan requirements are determined after the design is

complete.

When the above factors are taken into consideration

the next step is to size the ducts.

. 3.2 DUCT DESIGNING METHQODS

At present duct-designing are done with the help of
anf:one of the followiﬁg me thods: -
i)'Equél friction method
ii)'Static regain method
iii) Balanced capacity metho&
iv) Constant velocity method

v) Velocity reduction method .
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A brief description of the above duct design methods

are given below:

3.2.1 EQUAL FRICTION METHOD

The principlé of this method is to make'the pnéssure
1056 per unit length of all duct sections same for the|
entire system. The usual procedure is to select the velocity
in the main duct adjacent to the.fan to keep the noise level .
within certain limit for the particular application or to
keep frictional ldssrwithin limits. Usually an acceptable
velocity is chosen for the main duct section adjacent.to
the blower and the duct size alongwith fricﬁioﬁa{ loss per
unif length are determined for that duct section from the
Friction Chart. This establisghed frictional loss pér unit
length is then kept constant for all sections of the said
ducting system. Any specific duct section in that ducting
system can be sized for the flow rate of fhat specific

section and frictional loss per unit length determined earlier.

3.2.2 STATIC REGAIN METHOD

This method reduces the air velocity in the direction
of flow in such a way that the increase i.e. regain in
static pressure in each transition just balances the pressure

losses in the following section.
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The procedure for the use of the static regain method

is to first select é velocity for the duct adjacent to the
blower. With the flow capacity, this velocity establishes

the size of the main duct. The run of the ducﬁ that appears
to have the largest flow resistance is then designed first.

A leocitj is assumed for the next aection in this run and
the static pressure regain is compared to the lost pressure
for that section. Usually two of nore velocities are needed
to be assumed tb find a reasonable balance between the static
pressufe regain and the losses of é section. |

A

5.2.3 BALANCED CAPACITY METHOD

»

The basic principle of this method of design is to
make the total pressure loss same in each duct run, from

blower to the outlet-.

. The design ﬁrocedure for the balanced capacity methpd
is the same as the equal friction method for th: run of the
largest flow resistance. In finding the duct sizes for the
- largest frictional loss, the main duct sections are already
'designed. To find the sizes of branch ducts of other duct
rung different frictioﬁal loss (es) per unit length is (are)
chosen and ducts are designed by equal friction method to

make the total pressure drop equal in all duct runs.
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3.2.4. EQUAL VELOCITY METHOD

The procedure for this method is-tolselect the velocity
in the main duct adjacent to the blower to provide a shtis-
factory noise level. This velocity isrthen maintained
.throughout the duct system. From known flow rates and this
velocity, duct sizes are determined from charts for duct

design.

3.2.5 VELOCITY REDUCTION METHCD

The design procedure of this method is simiiar to
the equal ﬁelocity method. In this method the velocity from
the main run is reduced with a constant ratio. Velocity in
the main duct and this constant ratio determines .the veloci- .
:ties in thé next sections. These velocities and known flow |

rate then determine the sizes of different duct sectioﬁs.
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CHAPTER IV
MATHEMATICAL MODELING

4.1 MODEL FORMULATION

4.1.1 OBJECTIVE FUNCTION

The.goal of the present research ié to find out the
optlmum ductlng system under different practical constralnts.
The total life cycle cost of the airconditioning ducting
system will be the owning cost of the ducts along with its
insulation cost, blower cost and the present worth value of
the yearly operating cost. Then the objective will be to
-minimize the life cycle cost and the mathematical model for

objective function can be written as per following:
Minimize, E = Eg + E, (PWF) | | (1)

Where,
E = Present worth -owning and operating cost
(life cycle cost) (Tk)
Eg = Initial (present) cost of\the duct material,
insulation, Blower.etc. (Tk)
Ep = First year energy cost (Tkj

PWF = Present worth factor (dlmen51onless)

Initial cost E, can be calculated from the following

relation:

2%2 [ su; + (E0);] + EF o (2)
i= . L
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where, "

P
fl

Counter of duct sections and varies from 1 to m

Total number of sections in a duct system.

B
"

L=
fl

Quantity of duct work in the ith duct section (kg)

193]
|

Unit ductwork cost including material and labour
" cost (Tk/kg) |
(B0);= Total c¢ost of equipment (coils, regisﬁers,
diffusers, dampers, silencers) etc. in the i-th
section (Tk)
'EF = Blower cost including motor, controls, sﬁitcheé,

starter, accessories etc. (Tk)

In designing airconditioning ducting system it is the usual
practice to design with circular ducts first and subsequently
~ to convért circular sections into equivalent rectangular
sectiqns considering equal pressure loss and equal flow

rate. Thus considering circular duct, quantity of duct work

U; can be expfessed as follows:

Uy =TLDy(Lgdy by W S | (3)

Where,
| D; = Duct diameter in the i-th section (m)
(Lﬁ)i= Actﬁal duct length in the i-th section (m)
t; = Duct thickness in the i-th section (m)
W = Duct material density (kg/ma) |

Yy
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When the value of Ui from équation no. (3) is put in

equation no. (2) it gives:

' |
Eg = 5 [rtsni (Lg); € W +(E0); ] + EF W
i1

Initial cost for blower and motor EF may again be expressed

as follows:

EF = CF + CM | (5)

Where,
CF = Cost of blower and unit casing (Tk)
CM = Cost of motor, controls, switches, starters

and accessories etc. (Tk)

Cost of blower for the same delivery capacity under
different pfessure head may be assumed constant, which is
logical and cost of motor may be expfessed as a function
of the motor power required to drive the bloﬁer. Thus CM

becomes:

CM=( FP) x (CP) + y | (6)

Where,
FP = Power of the motor (Assumed as eqﬁal to theoretical
power consumption) (EW) |

CP = Cost of motor for each KW (Tk/KW)

fl

b
n

Minimum cost of a motor (Tk)
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Then cdmbining equation (5) and (6) gives

EF = CF + (FP) x (CP) + F . (?7)

ENERGY CONSUMPTION COST

Energy cost EP in equation (1) can be written as:

E

o = (FP)(Eq + E.T) | | (8)

Where,

&

Power consumed by the motor (KW)

= Energy demand cost (Tk/KW)

F.ip'tri
n I

Unit energy cost (Tk/Kwh)

L=
"

System operating time (h/yr)

Theoretical power FP for the motor may be calculated

from the following relationship.

Q _
. | (9)
= 7000 ngo
Where,
Qp = Alr flow rate of the blower (m?/sec)
P = Total pressure developed by the blower (Pa)
De.= Overall efficiency of the blower (decimal)
n, = Motor drive efficiency (decimal)
Then -
3
E = ey

“p ~ 000 Den (Bq + E.T) _ ‘ (10)
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Combining equation no. (4) and (7) it is found that:
m | '
E, =;§£q [rsp, (LR); t; W + (E0);]+ CF
-+ (FP)(CP) + F’ | ()

Putting the experessions for Ep and ES from
equations (8) and (11) respectively in equation no. (1)

it is found:

s -

E = 2% '[nsvi(LR)i T, W+ (EO)i]+ CF + (FP)x(CP)
1= . '

1

+ F + FP(E; + E_T)(PWF)

. m E . ) : ) . :
- 2;‘ (e, (1) 4 t; W+ (B0);] + [CP+(Ed+EcT)x
1= :

(PsF)] x FP 4 CF + F (12

Now when the expression for FP from equation (9) is
put in the above equation (Eqn. no. (12) it gives the

ob&ectivé function in the following form:

£ - _qu [wsn; (2g), t5w+(20); T+ [0P+(By+E 1) (PUFx
i=
o

L 4 CF+F ' 1
1000 nghg * o (12)
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~In the above objective function all variables exceptihg
D aﬁd'P are known for any specific epplication. Both D and P
sare the design variables that needed to be determined for
the minimumlvaiug of the objective function i.e minimization
of life cycle cost. But both D and P are functions of duct
velocities. As such these design variables are expressed

in terms of duct velocities in the following steps.

Duct diameter can be expressed in terms of duct

velocity from the following equation:

From bontinuity equation it is known that:

Q= AV | - )

Where,

@
1l

Volume flow rate of air through a duct section
(n’/s)

Cross sectional area of a duct section.(me)

V = Average velocity of air in a duct section (m/s)

Por circular ducts

LD .. | | |
A= m , | (15)

Thus eéquation (14) and (15) gives

DY

- = (16)

which again gives

D= 1.128 Q0+% yr0:5 S ()
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Noﬁ, assuming an absolute roughness of 0.1 mm(s) for
the duct material friction factor f can be expressed by
equation (18). Equation (18) is valied for air velocities

ranging from 1.8 m/s to 25 m/s.
f = 0.0185(QY )‘()"l : : (18)
| where, |
| f = friction factor (dimensionless)
= density of air'(kg/ma)

Pressure loss in duct section of length LRfand

diameter D as given by the Darcy-Weisbach equation is as

follows:
£(Ly) 2 ' .
_ . _fv 1
AP = 5 5 , (.9)
Where

AP, = Pressure loss in a straight duct section due to

. friction (Pa).

Combining equation no. (17), (18) and (19) it is found that
' - 2.
. AP_ = 0.0082 §0+9 706 y2+2 (1) - - (20)

Loss of pressure in different types of fittings in a section

is‘given by the equation:
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AP, = (fckj gv2 - ' (21)
£ g 5 .
. Where,
AP, = Pressure loss in fittingsin a section (Pa)
C, = Local loss coefficient in the k-th fitting
' (dimensionless)
1 - Number of fittings in a section.

The total loss of pressure in a duct section is equal
to the sum of frictional loss in straight ducts and local

losses due to different type of fittings.
Thus AP =ﬂAPS + APg ' a (22)
Where,

AP = total loss of pressure in a section (Pa)

Combining equation no. (20), (21) and (22) gives

AP = 0.0082 $0-9 ¢=0-6 y2.5 (Lg)
1 2 | |
s (S o - o (23)

ke :

The values of C, are available in the ASHRAE handbook().
Most of the local loss coefficients are functions of upstream
and downstream velocities across different fittings, and a
few are independent of velocity. Those coefficients which are
functions of velocities may be corelated by using least

(10) . g

" square curve fitting method .
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The total pressure P required by the blower is simply
the summation of P along the index run, i.e. the path of
largest flow resistance. If duct sections are reckoned along

the index run starting from the section next to the blower,

- )
' Then P = max. of ( 3~ AR);, (24)
J=1
- Where,
ip = 1St, ‘211(1.... R-th

R = Number of total paths in the system.

n = Number of duct sections in a path.

Density of air for an airconditioning ducting system
- may be considered constant. As such equatidns (23) and (24)

provide the following relationship.

n -0.6 2.5

a3 0.9
P = max. of [:0.0982 1 5%; Qv (Lg)y
L f n 1. 5 5
f T 2 Ry Vi, (=

Putting the expression of D and P in tefms of duct
velocity V from equations (17) and (25) respectively in
equation (13) gives the foliowing final form of the objective

function :
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' m o -o. |
E - ; [1.128 Tws(LR) 6, Q57 v-io 2 +(E0) ]
1= .

+ [(Ed+E T)(PWF) + Cé]

0.9 -0.6 2.5
x[:max. of {0 oog2 ¥ Jé QJ Vj (LR)J
L& 6y V2 CF+F " (26)
+ . V3 + +

Where,
i=12....n
J = 1,20ec0en
k= 1,2.00.001
ip= 1,2vee4.R
m = Total number of sections in a duct system
'n = Number of duct sections in'a path
1 = Number of fittings in a duct seetion

R = Number of total paths in the system

4.1.2 CO’NSTRAINT EQUATIONS

It is necessary for all duct system that the pressure
loss along every path should be equal. But in most cases
de51gners do not size duct systems in that way, rather they
use balancing devices to balance the pressure losses along
different paths. In this present case pressure losses along

different paths are considered equsal .
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\Let there ﬁe R'paths iﬁ a ducting system starting.
from the blower, where there are a;, ay.-.. ap sections in
the 1st path, 2nd path ... and R-th path respectively. Since
pressure loss is equal along each path the following cong--

traint equatlon can be written.

( Z: AP, ) = constant | - (27)
o B ) .
It is evident that thus (R-1) equality constraints

develop from the above equation.

For a straight-through transition, ho data for local
-loss coefficient is available for velocity ratio (downstream
to upstream velocity) greater than one. It may be considered
in designing that for étraight-through transition the down
stream velocity will always be equal or lower than the
upstream velbcity. If, therefore there are b number of such
transitions in a duct system then b number of following

constraints equation may be considered.

Vd : '
( V;)i‘b <1 (28)

[N
ct
!

= ‘I,E,oo.; b

o
"

-Number of straight-through transitions
Vd = Downstream velocity of air across a stralght-

through transition.
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Va = Upstream velocity of air across a straight-

throgh transition.

4,1,% MATHEMATICAL MODEL

From the previous sections the final mathematical

model fbr airconditioning ducting system is

. n ' ,
minimize E = E‘.’l28ﬂ WS(Lp)4 by Q07 v + (EO);II
i= :

S

+ [(Ed * ECT)(PWF) + CP] X m—e—

_ | i
x [max. of{0.0082 A0S Q5°°6 v§‘5 (L)
) , J=

LR L 211,
+T%(kz=lck)jv:j}] gp PP (2

Subject to
- & AP,
( e j)ip =‘Const
' | ’ 09 -0.6 2.5
AP. = 0.0082 X Ve ) .
5 A A q 207 (L)
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4.2 SOLUTION OF THE MODEL

From the previous section the objective function in }

- terms of duct velocities is as follows:

m 0.5
E - ;z% [1.128 TLws(Lg) 3597 V™7 +(20),]
1=

+ [+ B T)(PWR)+CP ] x e

A 1000 npo,
0. n 0.6 2.5 ..
x [max. of {0.0082%0+9 =9 YT Gy
£ n 1 , 2

Where,

i=1,2, «ceem
" = 1,2y eeese n

k= 1,24 eeee 1
ip = 18t, 2nd ... R-th

m = Total number of duct sections in a duct system.
n = Number of duct sections ih a path

1l = Humber of fitting in a duct section

R = Number of tOtal'paths in-the system.
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Qe
Let [ (By + E,T)(PWF) + CP ] S SRR
1000 nfn
and ip = lplndex corresponding to the path of maximum

pressure loss. Then expanding the above expression for
objective function gives.

51305 .

Ta . 0.5 4=0.5
E = [1.12811ws(LR)1t1Q4 v; +1.4281tws(LR)2t2Q2

eee +1.128 TWS(Ly) b Q07 V;o'5+(E0)1+(EO)2+...+(E0)m]

+[0.008287"*7 7°*8(x,),v2% +0.00828 £0+94506 (1) V2+5

+ eeee. + 0.00828 $0°7 2046 (T)n vieo

+ B 31(01 + 02 ¥ eee + Cl) V1 BQ% (C1+C2+....+C )2 2

| b
+ eeee + B—5(Cq4Cot...s 4C )n“n] +(CF+F)

plndex

This-may again can be written in the following form:

\ Y rey Oo. -005 0 O o] 5
E =[1.128 wis(Ly); 4057V v2 VGV 41, 1281tWS(LR)2Q2 Vax t,

0.5 '

o 0 «5,,0 -0.5
. x V2 V5 [ 3 O ) v . +...I. + ’1 "28‘T‘EWS(LR)mtm% v1v2....v

+ {303y 4 (80)greeer(B0)y | ¥ V3. V]
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-0.6

cens V2 40.00828 $°- %3

+ |o. OOSEijO -9 qfo oL )qv2 "2 v§

-0.6
25v ...v +....+000821-3f 9Qn (L)v

x(L ) 2_ 3 1 2"

25 y° 0

b
ss 0 e Vn n+1 m + B—é'_(c,‘+02+-nnnc ) 2..-.. V

+. B 'g;(cq+02+.....+01)2v2 V% s e we V; + . 8 " 00 )

. 0 4O 2
+ B ;(01"'02“'-‘--'*01);1 v e v vn+1t-c- Vm]

1p1ndex

00 o
+ (CF +F) V1V2 L V

Now this can be expressed in the following generalized form: .

8ton

. : m _
E=3 £t 0, 1 Va . (29)

Where

5% = + 1 (sign of each term in the objective function) -

Oy " 1 ’12811WS(LR)1t1Q,1 [(EO)1+(E0)2+...+(E0)_m],
0¢9 —O 6 - ". - . . .
0.0082 B f Q1 (LR)q etec. i ? the coefficient

of each term in the objective function.
m = Total number of variables in a system.
To= Total number of terms in objecti%e function

84 p = Exponent of the n-th independept variable of t-th term.
o } . :
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Again the constraint equations in section 3.1.2 considering

equal pressure loss along each path is

(5 an, ] (92 ]
;_]:—'l ,] ,I = ‘j._:'] APJ 2';- en s e :.-. [

J="

[Z AP ] = Constant.

J=1 B

From the above equation for R different paths (R-1) no. of

independent equality.constraints of the following form can

be developed.

[Z APy ' [Z AP | ] - (‘3'0)

—1 J=‘1

To adopt the terms both in the objective function and in the
constraint equations let the folldwing arbitrary duct layout

‘be considered, where there are m duct sections in total and

D D @T )

1 Z BEY @4

Figure 4.1
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R duct paths each starting from section 1 and terminating

at section no; my m-1 .... m-n ete. respectively (encircled
.numbers indicate terminal sections of different paths). I%
is quite evident from the Fig. 4.1 that consecﬁtive_duct_
section serial numbers may not appear'along all the paths._
As such, to generalize the expression for pressure losses
along any path a dummy function I(i) may be introduced in
‘the above experession where i indicates the counter of duct
'sectiéns.llf any duct section does not lie in a particular
path then I(i) = O, otherwise I(i) = 1. Then the generalized

form of equation number 30 . is
m m _ ‘
[ig (), APi] = [;V;‘ I(1)RAPi:] S (31)

Now when the expression for AP in terms of V from egn.(23)
is put into the equation no. { 31 ) it becomes:
m 0. 9-0 6 2 5 L §v5
Z I(i) [0 0082 f (L +(ch)i 5 ]
- k=1

i=1

2
m - ' 1 §V4
= 5 1(i)p [0.0082 02 ;00 y2r2(Tp)y+ (3 0kds =5

i=" 1
Expanding both sides; it is found

I(1),_40.0082¢°9 "° ® VEO(Lp) g+ e et I(m) 400082 P+9,=0-6

2.5
x Vo .(LR)m
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ve oo | gv2
+ I(’I)R q(C +02+...+C )1 i—l- +...+I(m)R 1(C1+C2+"+Cl) m 5"

0 6 2 S(L 0.6

- 1(1)g0.00821 7 ) +eneatI(m)p0.008289

2.
x Vm '5(LR)m

2
AL

+ I('])R(C,‘ca'l'- .o -+Cl),]

+ esr0ssse +

2
, Vv
I(m)R(Cq+02+...a+Cl) fiu

m 2
which when rearranged keeping any one of the non-zero terms
on the right hand side, . gives

.6 2 5(L

I1(1)g_40- 008250 9 Q 2)q +eeetI(m)p 0.0082¢°+?

-0.6 2 5
%

2 | pon-a
V9. fvm
13 +'"T+I(m)R-1(Cﬂf°"+Cl)m —5—

+I(1)RF4(01+02+...+QI)

-1(1) 0. oosefo "9 Q708 v2+2 (L) qtees o +I(n-1) 0.0082§°0

/1
"0.6 2.5
X Q‘m—"l vm—']
, : : 2 42
: : v ‘ v
X(LR)m_1 -1(1)R(C,I+oonncl),1 f_gt“- -  eese ™ I(m)R(C’I+...+Cl)mf n

2

0f9 Q;10.6 V§°5(L

= I(m)g 0.0082 R'm
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’

Now dividing both sides by the right hand side term, it is

found

=0.6 I(m)R_q(Ca+;.Cl)m

1(m)50.0082 - ‘U'b(f_)'
I(m)p 208, ' R “a Rn
0.1 o+
x b v 0:5= 1. (32)
2 m . : ‘

Since Qps seee Qp (LR)1""(LR)m are constants, the left
hand side of the above egquation may aéain be expressed in a
general form like that of the objective function. Thus the

above equation can be written in the following generalized.

form:
T Tom atq '
5° &Gy TV, 0 =1 ! ' (33)
t=1 ng'] . '

"
d < 1
Vu

i.e v, v <1

=t d 'u

If Vdand Vu are replaced by the duct section velocities
across the transition then the above equation may also be

expressed in thé following generalized form
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m o ‘
By Cy T ¥y < 1 e

6; = + 1 (Sign of each term in the constraint equation)

Cy= Coefficient of each term in the constraint eqn.
m = Total number of variables in a system
T,= Total number of terms in the constraint equation

8y, = Exponent of the n-th independént variable of the
| t-th term.

Thus it is found that the objective function and the constraint

functions can be eipressed in the geometric(11)form. As such
geometric ﬁrogramming technique is suitable for the solution

of the present problem.

Logic diagram for geometric pfogrammiﬁg algorithm is

presented in appendix- VII. - - o _ .



GHAPTER V. |
CASE STUDY

The following ducting system has been taken into
account to compare different duct design methods and to

find out the optimum duct design criteria.

In this case study, following factors have been consi-

dered for ease of comparison among different duct design

methods.

1) Samé duct layout

2) Duct sections equal in length'.

%) Edual discharge through each terminai

_ 4) Same duct material throughout the system

5) Duct material thickness constant throughout the
system. | | o |

6) Congtant thermal insulation thickness throughoﬁt
the system. |

?7) No acoustically lined ducts.
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Data for the above mentioned system has been assumed and

is presented in Appendix—i.

Three different duct design methods have been applied
to the given system with the assumed data to determine the
diménsion of each duct section, air velocity in each duct
section, power required to run the blower to deliver the
required ambunt of air and the life cycle cost of the duct
system; Global optimum life cyélé cost are then determined
for each ductrdésign method by changing the initial velocity
at the blowef outlet, whére the change in initial velocity
'détermines the velocity of air and'other'parameters‘in.the
downstream duct sections as per the duct design methods.
The global opfimum life ecycle costs are then compafed to

select the best duct design method.

The three duct design methods applied to the presént

duct layout are

1) Equal friction method’
—2) Static regain method
and 3) The Optihized duct design method which conéiders
| equal pressure loss along each path of the duct

system.,

Sample. calculation for the above three duct design

methods are presented in Appendices II, III and IV.
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CHAPTER VI

RESULTS AND DISCUSSION

Results obtained by putting numerical values in the

mathematical model for the specific ducting system, shown in

Figs. 6.1, 6.2 and 6.3.

Fig. 6.1 presents curves of life cycle costs versus air

velocities in the main duct next to blower for the ducting

system, designed seperately by the three design methods viz.

static regain mefhod, equal friction method and optimized design

method. Two sets of curves are presented each for different

local loss coefficients. From these curves the following state-

ments can be made.

i)

The life cycle cost reduces with increase in air
velocity in the main duct to an optimum value from

where the cost increases with further increase in

air velocity seperately for ducting system designed

ii)

. 1ii)

by each method. v

The life cycle cost for a ducting system designed
by optimized method is always less than the costs
of the system when © it is designed by the other

two method for a wide range of practical air velocities.

The global optimum life cycle cost for the ducting
system designed by the optimized method = occurs at
lower initial velocities with respect to the other two

methdds. This indicates that the .ducting system designed
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by this method will cause less noise problem compared

to ‘a system designed by other two methods.

iv) For higher local loss coefficient at the.entry
section minimum life cycle costs for the three
different design methods occur at air velocities in
the main duct very close to each other, wﬁereas for
lower local loss coefficient at the entry section
minimum life cycle cost for the optimized method
occurs at relatively'lOWer velocity of air in the

main duct than ;hose of the other two methods.

v) Comparison among the minimum life cycle costs
found by'thelthree different duct design methods
| showg that the minimum life cycle cost obtained by
the optimized method is 9.23 percent and 4.12 percent
lower than those oﬁtained by the static regain and

the equal friction methods respectively.

In Fig. 6.2 life cycle cost versus different amount of
total air flow curves are drawn for static regain, eﬁual
friction and optimized ducf design methods. Curves numbering
from 1 to 3 refer to the static regain, equal friction and
oﬁtimizéd duct design method respectively for.the same
vélocity of air in the main ducts. GﬁrVe'ﬁumber 4 isg optimum
- life cycle cost versué total airflow rate for the optimized
duct design method. For the preéent case these curvés show

that for the same velocity of air in the main ducts, life
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cycle cost is minimum for the optimized duct design method
ifreépective of the-total air flow rate and the optimum
life cycle cost found by the optimized design method is the

lowest among the three design methods mentioned above.

In Fig. 6.3 a curve is presehted, which shows a relation-
ship bétween the initial velocities at optimum pondition for |
the optimized method and total air flow rate for the preéegt
duct layout. This curve shows that as the total flow rate.

"increases air velocity at optimum condition gradually decreases,

Velocities at different duct sections fér.the three
different design methods are given in Table 6.1. It is
evidént from the numerical value of the velocifies, that.
for the optimized method, velocity in the straight-through
sections remain same, whereas for the other two methods
velocities in the straighf—through gsections gradually
decrease. Again both in casélof optimized method and the
static regain method wvelocities in the branches gradually
decrease starting from the branch next to the main duct,
but in case of optimized method fhe decrease rate of velocity
in the branches is lower than that of the static regain
method. In case of equal friction method all the branch
velocities are same and it is ohly due to the assumftion that
_flow rate of air through the branches are same, otherwise

-

this case may not happen.,
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CHAPTER VIT
CONCLUSION AND RECOMMENDATION -

7.1 Based on the study made % this research, the following

conclusions can be drawn:

i) A'mathematical model can be formulated for determination -
of different design variables at optimum life cycle
cost of airconditioning ducting system considering all

practical constraints of the system.

ii) Geometric programming may be used to solve the mathe-
métical model to find difrerént design variables at

optimized condition.

iii) Computer programming for the solution of the mathe-
matical model makes it possible to get the optimized
solution in cése of complex ducting layout, which
otherwise would have been tedious and highly time

consuming if done manually.

iﬁ).Results 6f the study show that the life cycle cost
of a ducting gystem designed by Optimized method is
lower by 9.2§1percent (approx.) and 4.12 percent (approx.)
from that designed by static regain method'and.Equal

friction method respectively.
v) It also appears from the study,thaf

a) Equal pressure loss along each duct run of the

Al

airconditioning ducting system provides optimum

design of the system.
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1)

2)

3)

46

b) In case of optimum ducting system design, velocity

of air across straight-through transition should

reain same.-

¢) For an optimized ducting system, the optimum
velocity in the main duct next to the blower

reduces with increase in total air volume flow rate.
is recommended to study further on the following:

To study on optimization of ducting system considering

acoustic problems and related costs.

To study on optimization of ducting system with
different duct materials and to find the influence

of material prbperties and relevent material costs.

To study on optimization of overall airconditioning
system consisting of refrigeration equipment, air-
conditioning apparétus/equipment-and other éncillary

equipment.
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Table 6.1: - Velocity of air in different duct sections for Equal
friction Static regain and Optimized method.

Initial Duct Velocity Velocity Velocity
;elocity section equgir staigg opigiized
" friction regain method -
; method method
700 1 7.00 .00  7.00
2 6.635 6.144 7.00
3 6.192 5.%28 7.00
4 5.618 4.521 7.00
5 4.757 3.653 7.00
6 4.957  2.802 4.492
7 4.757 3.280 5.575
8 4.757 3.759  6.243
. 9 4,757 4.257 6.729
- 7.718 1 7.718 . 7.718  7.718
| 2 7.316 6.738 7.918
3 6.828._ 5.810 7.718
4 ' 6.194 4.902 7.718
5 5.245 . 3.935 7.718
6 5.245 . 3,028  5.021
7 5.245 3.563 6.229
8 5.245 4.105 °  6.974
9 . 5.245 6.671 7.515
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Appendix-I: Data used in the case study

Dischérge through each terminal = 1,344 m3/s

Length of

PWF

Cp

~ CF

each duct section = 20 m
10.00 Tk/KW
2.30 Tk/Kvh

2200 hr/Hr

0.85

10.70

©1.204 kg/m’

9 sections in the system

- 5 paths in the system

4.8577 for an amortization period of 9 years

at the annual interest rate of 14,.5% on the.
basis of equal payment series.

Tk. 2200.00 |

Tk. 3300.00

Tk. 110880.00 | _
Tk. 968.75/m2 (Including cost of material, coét

.0f insulation and cost of fabrication).



‘Appendix-I1T1: Samﬁle calculation for equal*frictibn.method.

Section

Itenm

D(m)

; .

1’2

h =

.L(m)

1
ho or cl

S h

T 0 o
no/sec W/sec ( )2 (Pa) (Pa)
- 7.29
_(Pa)
1 Duct 1.07  6.72° 7.718  35.86 20 0.5 10.0
- | | 6.03 216.20  226.24
2 Duct 0.975 5.376  7.315  32.22 20 0.5 10.0
| 0.005 0.168 10.168
3 Duct 0.87 4.032  6.83 28.0 20 0.5 - 10.0
L | 0.0066 = 0.185 10.185
4 Duct 0.74 2.688  6.194  23.096 20 0.5 10.0 |
- | | . 0.009 0.215  10.215
5 Duct 0.57 1.344  5.25 16.59 20 0.5 10.0
| 0.0  0.249 10.249
6(4) Duct 0.57 1.344  5.25 16.59 20 . 0.5 10.0 -
(branch) . : 1.3 . 21.569 51.567
7(3) Duct 0.57 1.344 5,25 16.59 20 0.5 10.0 -
' (branch) | 1.284 21.% 31.3
8(2)  Duct 0.57 1.344  5.25 16.59 20 0.5 10.0
: (branch) | : 1.259 20.887  30.877
9(1) Duct 0.57 1.344  5.25 16.59 20 0.5 10.0 -
(branch) : 1.24 . 30.57

20.57

244
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9 .

_ . T . - 2
Total Duct Area f; fLDiLi 408.72 m

" Pressure loss along path 1-2-3-4-5 = 267.057 Pa
o " " 1-2-3-4-6 = 288.375
" ‘n 0 " 1-2-3-7 = 277.893
; "M M 428 - 267.295
" "o noooom 1-9 256.81

I

Highest pressure loss takés place along the path 1-2-3-4-6,
and its value is 288.375 Pa.

6.72x288.375
1000x0.7x0.85

. = = 30257 KW

*, Required power =

And 1life cycle cost = 3.257(10+2.3x2200) 4.8577
| ) + 408.72x968.75
+ 3.257%22004114180.00

= 597508.05 Taka



Appendix-III: Sample calculation for static regain method.

Section - Item D(m) 3/Q, , A hg- , L(m) h{') or o hb(Pa) . Zhé(Pa) | (hu—hd)a
m sec n/sec ’
‘ (Pa)
1 Duct 1.07 6.72  7.718 35.795 20 0.5 10.0
Fitt. : 6.03 215.85 225.85
2 °  Duct 1.02 5.376 6.738 27.33 20 0.4 8.0
 Fitt. ' . o 0.0127  0.347 8.347 - -0.1186
3 Duct 0.94 4.032 5.81 20.32 - 20 0:%5 7.0 o '
Fitt. - - | | 0.014 ' 0.28 7.28 C o 0.27
4 Duct 0.82 2.688. 4.90 14.454 20 0.28 5.6 o
Fitt. T 0.0157  0.227 5.827 0.039
5 Duct 0.66 1.344  3.935 9.32 20 0.24 4.8 . .
Fitt. | 0.02 0.186 4,986 0.148
. 6(4)  Duct 0.95 1.344 3.03 5.527 20 0.13 2.6 o
| Fitt. 1.209 6.682 9.282 - 0.355
7(3) Duct 0.68. 1.344 3,563 7.64 20 0.19 3.8 o
~ Fitt. ' ' 1.207 9.22 13.02 . 0.34
8(2)  Duct . 0.65 4.344 4,105 10.144 20 0.26. 5.2
Fitt. ) : 1.2046  12.219 17.419 - 0.233
9(1)  Duct 0.60 1.344 4.671 13.137 20 0.38 7.7 | -
| 15.80 23 .40 0.74

Fitt, 1.20%

o9
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Total Duct Area Zfz mpgL; = 451.76 m®
iz
Pressure loss along péth 1-2—5-4-5 = 252.29
" " " " 4e2e3-4-6 = 256.586
I " 4-2-3-7 = 254.497
" " " " 1-2-8 = 251.616
no e a9 - 249225

Highest pressure loss takes place along the path 1-2-3-4-6,
and its value is 256.586 Pa

. . . 6.72x%256.586 _ 5 4 :
. "+ Required power % 7000%0.7x0.85 2:8979 KW

And. life cycle cost = 2.8979x(10+2.3x2200)x4.8577
+ 451.763968 .75+2.8979x2200
+ 114180.00 o
= 656568.92 Taka



Appendix-IV: Sample calculation for optimized method.

Section Item D(m) 9 v hy = L(m) - h' h h
. n?/sec m/sec § (2) o 0T © o )3 )
T3 | (pa)  (Pa)
_ . . (Pa) ‘ :
1 . Duct 1007 6.72  7.718  35.86 20 0.5 10.0
| o - 6.0% 216.24 © 226.24
2 Duct 0.94  5.376  7.718  35.86 20 0.60 12.9 2.0
3 Duct 0.82  4.032 7.718 35.86 - 20 0.7 14.0
| . 0.0 0.0 4.0
4 " Duct Q.64 2.688 7.718  35.86 20 0.95 19 _
0.0 0.0 19.0
5 Duct 0.46 1344 7.718  35.86 20 1.5 30
' 0.0 0.0 30.0
5(4) Duct 0.575  1.344  5.02  15.17 . 20 0.5 10.00
‘ 1.225 18.58 28.58
7(3) Duct 0.5 1.344  6.229 23.358 20 - 0.85 17.0
| e - 1.3 30.37 47.37
5(2) Duct 0:48  1.344  6.97  29.246 20 1.1 22.0
| 1.3 38.02 60.02
9(1)  Duct 0.46 .34  7.515  33.998 . 20 1.4 28.0

44,197 | 72,197

-

84
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.- 9 - 5
Total Duct Area = ID.L., = 37%.54 m
22;: ivi
i= :

- Pressure loss along path 1-2-3-4-5 = 301.24

" LI " 1-2-3-4-6 = 299.82
" " " " 1-2-3-7 = 299.61
" n n o 4-2-8 = 298.26
" w o " 1-9 = 298.43%7

Highest pressure loss takes place along the path 1-2-3-4-5
and its value . is 301.24 Pa |

6.72x501.24 "
1000x0.7x0.85

.*. Required power =

and 1ife cycle cost = 3.402x(10+2.3x2200)4.8577+373.54x968.75
+ 3.402x22004114180.00
= 567317.56 Taka



Appendix-V: Friction chart ‘for galvanized iron shee’t
: duct material ' '
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Appendix -~ VI: local loss coefficientt for duct fittings.

65 Diverging Wye, Round

. : Ve Vs
- ar X \ N

[ . . .

4 - v
Vh-‘u
g =15 —90°
A=A,
Branch,C, o

Ky ¢, degrees ) .
Y, 15 30 45 . 60 90
0 1.0 1.0 1.0 1.0 L. 110
0.1 0.92 0.94 0.97 1.0 10
0.2 0.65 0.70 0.75 0.84 N H
0.4 0.38 0.46 0.60 .76 . =1l 7
0.6 0.20 0.31 0.50 0.65 1.2
0.8 0.09 0.25 0.41 0.80 1.3
1.0 0.10 0:25 0.52 - 0.90 133 .
b2 0.1 0.32 0.6% 1.1 14
1.4 0.22 0.63 0.88 1.4 1.6 -
16 0.4} 0.72 1.2 1.8 - 1.8
20 0.99 1.4 1.9 2.7 2.2
2.6 2.5 2.9 2.7 4.6 e
3.0 6.5 6.7 7.0 7.1 —

Mazin : ’ ‘-

vsov,0 01 02 03 04 05 06708 R ‘
C,,. 040 032 026 020 015 010 006 002 05

7-1 Obstruction, Screen in Duct, Bound. and lv_lrcungular ‘ -

T . N
Ay 1 - .
PRS- A
1 : . >
CCSCREEN . B :

nm=A,/A,

where :

n = free area ratio of scréen
A,, = total Now area of screen
A, = arcaof duct

n 030 040 050 0.55 0.600.650.700.75 0.80 0.90 I.O':z
c, 62 0 17 1.3 0.970.75 0.58 0.44 0.220.14°0

1.8 Obstruction, Perforated Plzte, Thin-Platein Duct, Round s
snd Rectupgolar | -

|

T

T = J ) e e————
. /m.f,T.mm.t



Appendix-VILiLogic diagram for Geometric Programming

Alrorithm

Enter Data

f . :
' lg!g(!LL:rlﬂiIT(? Lnivial Weights

Calculate Orthogonal Conditions

Calculate Initinl Multipliers

No

First

Tteralion

~
N

Yo

Calculate Matrix T]

b

D:temine New Weights

Cat vul
Orthogonal

alao New
Cunditions

Calculate New Multipliers

Evaluate Error

Formulate Newton-Raphson Matrix, R

Invert R

4

Find Vector of Adjustmenté

Calculate New Values -of Independent

Vari:

ibles

ITMAX Yes

Exceeded

onvergence
Criterion

Print
Results

Satisfied

Print Messagq}

Stop
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App_endix-ffIII: Computer program for Geometric Programming Algorithm.
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