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ABSTRACT

This thesis is on the design of the building
services requirenent of a dairy plant. |Investigation
of the engineering services problens of four existing
nediumscal e dairy plants at Kaduna, Funtua, Jos and
M nna showed that the greatest problem of the dairy
I ndustry is sanitation, and the building services
requi rement being: Water (cold and hot) services,
sewage di sposal, Refrigeration and A rconditi oni ng.
The work therefore tried to opti mze the design of
t hese services based on production capacity of
18,000 litres of mlk products per shift of 8 hours.
Factors considered in the design included the nunber
of people that work in the plant, the processes
that the mlk products undergo in the industry which
determne tenperatures of the various roons, the
hot and cold water demand the nature of wastes and
waste treatnent, and the refrigeration capacity.
The work investigated pipeline and insulation
probl ens and specified materials and sizes. The
production capacity and processes determned the
machi ne and equi pnent specifications. This in turn
determned the plant |ayout and nanpower requiremnent
as shown in the organisation chart. The buildi ng
services were then designed to suite the plant
| ayout. Detailed designs of the plant |ayout and

these building services are shown in Drawings 1 to 6
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(folded and attached at the back cover). The various
conponent designs are illustrated in figures 1 — 43
The design of the storm drai nage systemis based on
the severest rainfall intensity in Kaduna as shown

in tables 4-13 extracted from the Agro-Met eorol ogi cal
Bul l etin of N geria (1980-1983).
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CHAPTER ONE
1. INIRODUCTION

1.7 Background

1.2 Need for the Work _

1.3 Objectives of the Design
1.4 Methodology

1.5 Technology of Milk Produetien

- 1¢1 Background

The building services requirement in the dairy
industry is a funetion of the nature of the dairy
products, the raw materials, the processes and the
sterility of the environment required to produce
then, But the scope of the design depends on the

production capacity for any particular product,

1.2 Need for the Work

Milk serve as a very nutritious food, In the
past milk was consumed fresh and after fermentation
as 'yoghurt', But it was not possible to consume all
the milk in these forms with the result that so much
milk resources was ceither not fully exploited or
wasted. To guard against this, it has become necessary
to find other ways of consuming milk, storing milk
such 2s cream cheese, butter, curd and whey or

converting into some industrial products such as



easein preducts, paints, plastics, bristles and
cosmetics, So much work has been done in this
direction that both the Federal and State
Governments of Nigeria and enterpreanueres alike
have develeped tremendous interest to invest in
the dairy industry. The extent to which this
purpose (the purpose to fully exploit milk
resources) can be achieved and the quality of the
products depend on the efficiency of the building
services, Hence the n eed to design an effective
and efficient building services system for the

industry,

1% 3 Objective

The objective of this work is to investigate
the problems of sanitary and mechanical services
system in a Dairy Plant with a view to proposing
an optimal design that will minimize these

problems,



1.4 Scope and Methodology
This work is limited to designing the building

services requirement of a2 medium scale dairy plant
in the northern states of Nigeria., Investigation
of the services problem was therefore limited to
four existing dairy plants at Kaduna, Funtua, Jos
and Minna, The methed of this investigatisan being
by questionnaire, visits to the four plants and
interviews with the production and services managers
of these plants. Through these investigations, the
adequacy of the building services system as they
existed was assesed; and an optimal design is then

proposecd.,

1.5 Techinology of thc Milk Production

The iirst requirements in the production of milk
are healthy, clean cows., The processes through which
milk should undergo can bec presented in the form of

flow chart as fyllows:



Chilling (4=-10°C). The milk collected must be cooled
immediately and the termperature maintained

until processed,

Clarification (filteration). In this process all the

foreign sclid bodies beyond the size of 0,3

micron are removed.

Standardization., The fat content is increased to 3,5%
for pasteurized milk through evaporation or
to 10,5% for Yoghurt through evaporation

and/or addition dry milk powder,

€S

Heat treatiment (including homogenization - breaking
(11-75°C)
down fat globules from 3mm to 0,02 = 0.3
micron,
N
Cooling to storage temperature or for futther heat
treatment (ultra heat treatment) ranging

up to 150°C.

In order to produce Yoghurt, 4% starter culture is
added to the pastcurized milk and allowed to incubate
at the temperature of 40-45°C for 2-3 hours. After
incubation the product is cocled at low temperature

below 10°C.



Yoghurt needs the higher solids content, Hence
skim milk is necessary. In fresh milk solids content
is about 2,5% but for Y- ghurt making solids content
of about 10,5% is necded. It is important for the

solids content to be high for the following reasons:

1. It improves the consistency of the product,
2, It provides more of the sugar (Lactose)
for tne fermentation process.
3. Stability will be enhanced both during
storage and transportation,
4. It prevents or minimizes whey separation

in the final product.

Hence 1-2% skim milk should be added to the full

cream milk for the production of y»ghurt, Milk

produced under rigid sanitation practices is labelled
tcertified milk', The '"Long Life' milk usually undergoes
an additional process of ultrz heat treatment to kill

all bacteria present.

Creai: iz tne sweet fatty liquid obtained from
the centrifugal separation of milk. "Curd" is a thick
substance which sepsrates from milk when mixed with
acid and the watery g ri. ol the curdled milk is
termed "whcy' whereas Ycheese" is a nutritious milk
product that is usually made from curds that have been

concentrated and ripened. Its high protein content



makes it an excellent low-cmst substitute for meat,
"Butter" conotes the fatty product that is made from

cream by churning.

"Buttermilk", byproduct af butter making,
contains about 8,5% ar more ~f the selid non-fat
(SNFs) and a small part of the fat last during the
churning process of butter making. |

Skim milk refers to the non~fat milk that contains
all the nutrients present in ﬁilk except fat.
Depending on flavouring strawberry milk drink or
choceolate milk drink could be made{_ "Iee ‘eream",
a produce that may confain a variety of ingredients,
is essentially a frozen product made frem eream and
sugar, with or without a natural flavouring and

stabiliser,

1.6 Aseptice Productien of the Dairy Products

As alreazdy stated in section 1.3 of this work,
high level hygiene is important in the production of
dairy products. These products are low acid foods
eni 8o vulnerable to rapid growth af bacteria,
yeast and moulds, Hence they should be aseptically

handled, pasteurized or sterlized.

In sterilization processes, the product should

enter the sterilizing equipment at a temperature of



L to 7°C and is subsequently heated to sterilization
temperature, In Nigeria, the Food and Drug
Administration Division of the Federal Ministry

of Health specifies the sterlization temperature to
be in the range of between 135YC and 150°C. See

fig. 1a, Subsequently the product is rapidly cooled,

usually down to room temperature,

Definition of pasteurized milk is related to a
time/tempercture treatment. To comply with the legal
requirements in the country, pasteurized milk has to
show a2 negative phosphatase or a negative peroxidase -
test, Pheosphatase and peroxidase are enzyme systems
present in milk, which ére inactivated by a time/
temperature combination slightly above the one
necessary for killing mycobacterium tuberculosis,
Mycobacterium tuberculosis Is the most heat resistant
vegetative disease-causing bacterium. These tests are
an indication of sufficient pasteurization from the

public hezlth point of view.

Furthermore, pasteurized milk should show a

positive outcome of the Aschaffenburg test (fig. 1b).

The milk proteins may be seperated into whey
proteins zand casein, In raw milk, whey proteins are
native. Those oroteine mav ha Aenatured by heat

treatment,
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Fig, 1.b: Aschaffenburg Test



The process of denaturation of whey proteins
implies a physical change only: the soluble whey
proteins are turned into an insoluble state., From
nutritional point of view, this process does not
result in any losses, on the contrary, certain
indications are available indicating a better
digestability of the denatured whey proteins making
them easier available to infants, elderly persons,

and persons suffering from stomach problems.

Pasteurization treatment should be gentle
enough not . to denature the whey proteins,
Consequently, the Aschaffenburg test should be
strongly positive, indicating the presence of native

whey proteins,

One of the differences between "in-batch
sterilization" and "in-flow sterilization"sis that
all whey protein is denatured after in-batch
sterlization", while "in-flow sterilization" results
in a partial denaturation only, i.e. a slightly
positive Aschffenburg test.

Ultra teat treatment (UHT) milk has been
subjected to in-flow sterilization and has a shelf
life of at least four weeks at room temperature.

It should show a positive outcome of the Aschaffenburg
test, "In-batch sterilized" milk is defined as a
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product which is free from living bacteria and which

has a negative outcome of the Aschaffenburg test,

\ All"in-flow sterilization" equipment must have
a pre.heating zone where the temperature of the

product is raised to about 75 to 80%, (Fig., 2).

|
*.'C. .,__+___*_“______J.
150
|20 - // \
90 .
to ,,/ o A 2 _‘ -
| SN _
20 N 5 ! T i
1'-—_“ ._,i.____...._.__-._—--I—_—-——p--—-——-l-r-.—---!--—--:lo . -
ler D] {1 (% £ ‘s 2 .
A X I (> — 'L!"h& (\SQC&A#’&‘)

Fig 2:° Indirect Working UHT Plant:
Yemperature/Time Dineram

In plate heat ex~=l.~nrgers .h2 product is homougeniz-a
at this scar. , and then further acated to sterization
temperature, It pessces a hiolding cell and is coulad

down to filling teuperature.

In Nigeria today, the Food and Drug Administration
a department of the Federal Ministry of Agriculturc makes
a legal distinction bétween three milk productss
pasteurized milk, long 1life milk and sterilized milk,



11

Pasteurized milk is defined as milk which has
been subjected to one of the following heat treatment
processes all of which gives a negative peroxidase

and/or phosphatase and a positive Aschaffenburg test,

1. Long time pasteurization: 63°c, 20-30 minutes

2. Short-time pasteurization: 7200, 15 minutes

3. Flash pasteurization: 85° . 95°c, a few
seconds to a few

minutes (_ 2 minutes)

Sterilized milk is defined as a product which has
been heat treated in a hermetically closed containcr,
which is free from living bacteria, and which has been
subjected to a heat treatment sufficient to render the
product negative as far as Aschaffenburg test is

concerned,

Long life milk is defined as a product which has
to be processed in the ultra heat treatment (UHT)
equipment, The heat treatment is to be in the rangh
between 135 and 150%%,

The product is to be packaged in a pre=-sterlized
containers which should be light-proof. The packaged
product should have a bacteriological shelf-life of

at least six weeks at room temperature,
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CHAPTER TWO

PLANT DESIGN

2.7 Design Requirement

The design requirements for an aseptic process based
on conventional milk products line can be summarized

as follows:

1. Tanks, pumps and valves of aseptic design

2, Cleaning-in-place (CIP) systems permanently
commected to the plant.

3. Automation of production as well as cleaning/

sterilizing.

2.2 Aseptic Design

All tanks should be of aseptic design with double-
sealed agitator cleaning-in-=place (CIP) nozzle and
hermetically sealed cover, Throughout the process,
the tanks should be slightly pressurized with sterile
air supplied by the compressed air system provided with
filters for the removal of bacteria and bacteriophages,
As an alternative to the sterile air (pressurized
system), the banks can be fitted with sterile filters
(non pressurized system) for respiration to the
atmosphere. The bulk starter tanks are eguipped for
the aseptic transfer of starter to the incubation tanks,
The equipment is designed to withstand 150% and all
shafts are fitted with double seats, To avoid
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infection through the valve stems, the stems are

sealed by a membrane of reinforced rubber,

2.3 Cleaning-in-Place

To safeguard further the high quality of the
product, it is important that the entire plant can
be cleaned and sterilized from time to time, A closed
circuit cleaning=-in-place system makes it possible to
achieve consistently good results, The cleaning cycle
is controlled by a programming unit incopporated in
the control panel, A separate sterilization phase,
controlled by a time-temperature.programmer, guarantees

effective sterilization.

2,4, Design of the Cleaning-in-Place (C.I.P.) System

The cleaning in place system ensures that all pires
utensils and heat exchangers are always aseptically clean
This is achieved by circulating a detergent through the
units and finally rinsed with water, The most suitable
detergents being sodium hydroxide (NAOH) for pipes and
utensils and Nitric acid for the heat exchangers, It
is economical to recycle the detergents many times
before thrown off, Hence it is necessary to rinse the
system first with hot water be washing with the
detergents and finally rinsing with water. This is
best achieved by incorporating with the design control
valves and pump as shown in fig, 3. The tanks and
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2.5 Mutomation

The aseptic plant requires a certain degree of
automation in order to ensure aseptic conditions and
effective cleaning., The whole process must be
sequence~controlled and operated from a mein panel.7
Yoghurt produced under aseptic conditions still
contains a living Yoghurt culture. Undesirable
microrganisms have either been killed off or excludcd
from the product. If the Yoghurt is then packaged
aseptically, a shelf life of ;-6 weeks (stored at

below +8°c} will be assured,

2.6 Plant Layout

The plant layout is as shown in Drawing 1. Space

alocation is made up as follows:

Cold store - 162 m2
Store - 18 m2
Boiler room - 72 m2
Paper store - 36 m2
Spare parts store - 18 m2
Ante - 72 m°
Workshop - 72 m2
Ice Cream Freezing Score - 108 m2
Fuling room - 36 m2
Toilets -}h32 m2

Milk processing room 162 m2



W

Ice Cream processing room = 14k m®

Powder store - 108 n°
Recombining room - 72 m2
Reception -91,.8 n°
Passages - 108 m2
Offices - 72 m2
Laboratory - 18 o
Main Switch - 72 m°
Cooling Equipment and 2
Chilled water tank room - 72 m

Total A'ea = 1945 m°
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CHAPTER THREE

WATER SUPPLY

3.0 Background

The foregoing discussion on the nature of the

Dairy products and the technology of production has

shown that water services (hot and cold water system)

constitute the most important engineering service in

the dairy industry to achieve both the required high

level hygiene and the aseptic production itself,’

In this work, water supply shall be treated under

the following sub-headingss:

(a)
(b)
(c)
(d)
(e)
(£)
(&)
(h)

Source of Water Supply

Water Demand estimations

Well Design

Design of the Water Treatment Plant
Pipe Line Design and Problems
Distribution of Water (Cold)
Distribution of water (llot)

Steam Demand

3.1 Source of Water Supply

The plant is to be supplied by both the local

water mains, or by its own two bore holes when the

local mains fails to supply. The local mains supplies
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direct to a second elevated reserveoir Just abave the
roof top, while the primary elevated tank is supplied
by the two bore holes. Each of the bore holes is 170m

deep., A suitable supply arrangement is as shown in fig 6,
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NOTES ON FIGURE 11

XX =Indicate Boarder of the premises

@ =Diameter of pipes

”1' ”2’ W3, w9 -Points of water supply for drinking,

production or for toilet use

H1, Hy H3 ~Points of water supply for watering

the gardens and car washing.,

A /'\:
'tj?#'r> ~Indicates non return valve
(;Zf;> -two way velve
B, and B, -Boilers
w9 -Point of water supply to the water

drilling plant., Details of the
chilling plant will be described in

refrigeration section of this work
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Notes on Figure 6:

A: Preliminary treatment includes:
i) Aeration
2, Filteration

Fige 7 1llustrates preliminary treatment.

B: Final treatment includes injection of calculated
dosage of chlorine gas, Fig 7 illustrates the

chlorine plant,

C: The water going to the boiler has to be softened
to avoid scaling. Softening is achieved by
injecting calculated dosage of Na3 P03 and
filtering,

Q=12.,5cm = DNDiameter of inlet and outlet
s>ipe of the submersible pump,
The calculation is from:
Q = VA = 2,58 m>/mm
take V = Lm/sec

A = Q 2
= 2,58 = 0,01075mm
v I x G0

2
l.e. ‘IZ&E- = 107.% cm2

or D 'JT_G'%E = 11.7 cm

The nearest galvanized steel pipe to this is ¢ = 12.5 cm

e V = 2,58 x L x 60
T x 10,0125)° = 3¢5 m/sec
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3.2 Water Demand Estimations

Specifications of the pumps, water tanks, boilers

and pipe network depend on total demand of water,

This work takes as basis, a production capacity of

18,000 litres of milk products per day, This level of

production requires (see appendix):

(a)

()

(c)

(d)

(e)

(f)

(g)

10 (ten) administrative persons

@ 30L/day = 300L;

55 (fifty five) factory workers
@ 90L/day = L950L

Laundry capacity of 150kg/day
@ 3CL/kg = L500L

Garden Waterinec (2 hydrants of #L/sec)
assuming L4 hours of operation we have

2 x (4 x 3600 rec) x 4 L/sec = 1L400L

Car washing

10 (ten) small cars per day

@ 300 L/ecar = 3000L

3 (three) big vans per day @ 900L/van = 2700L

Floor and exte:nal part of machines washing
(2566 mz) @ 32 litres per square metre
32 x 2566 = 82,112L

Production (technological) water (18,000
litres of prodict) @ 7.5 litre of water/litre
of product

Total DEMAND PER DAY = 24,6962L = 246,96 m-
135,000L
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Assuming 1 shift = 8 hours

Average output of water per hour

= 2169621

= 30.87 m°
Peak demand = 3 x 30,87 = 92,61 m3/hour

(Peak factor = 3, assumed)

3.2.,17 Deep Well Delivery (Pumping Rate, g )

It is desirable that the bore h>le pump is
capable of delivering in one hour the peak hour water
demand of the plant, This means that the total pumping
rate of all the bore hole pumps (ﬁ,) mist not be less than
92,61 m3/hour.

i.e. i _{‘_ 92.61 '113/1:

or Q, Z 1,544 m3/m1n.

3.2.2 Reservoir and Pumping Cavacities Estimations

It is desirable that the water reservoir should
contain about 5 days water demand. This means that the
reservoirs should have a total capacity not less than

1234 .8 m3.

A capacity of 12h0vm3 is therefore considered
good., It is also required that each of the bore hole



pumps is capable of pumping full the reservoir in
one day working for a total of eight hours,

S Pumping capacity (Q) = lggg m3/hour
= 12L0 3
= m” /min

Q = 2.,5833 m3/min

3.2.,3 Well Design

A well can be seen as consisting of two
parts: (1) the conduit portion of the well, which
huouses the pumping equipment and provides the
passage for the upward flow of water to the pumping
intake, and (2) the intske portion, where the water
from the acquifer enters the well, In consolidated
water bearing materials, the conduit portion is
usually cased from the surface to the top of the
acquifer, and the intake portion is an uncased open
hole, In unconsolidated acquifers, a perforated
casing or a screen is required to hold back the water
bearing material and to allow water to flow into the
well, |

The depth of a2 well depends on the anticipated
drawdown for the design yeild, the vertical position
of the more permeable strata, and the length of the
intake portion of the well.
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The Well size affects the cost of construction
substantially, Tne diameter of the Well is ogoverned
by (a) the proposed yield of the well, (b) entrance
velocity and loss and (c) the method of construction,
The controling factor is usually the size of the
pump that will be required to deliver the design yield,
The diameter of the casing should be two norminal sizes
larger than the size of the pump bowls, to prevent the
pump shaft from binding and to reduce well losses.
Table 1 gives the casing sizes recommended for various

pumping rates,

Anticipated Norminal Size Optimum Size Smallest Size

Well Yield of Pump Bowls of Well Casing of Well Cas-
in Litre/Min, in Cm, in Cm, ing in Cm,
Less than 788 10,00 15.00 « 12,50

788 to 1800 12.50 20,00 15.00
1800 +to 2925 15.00 25,00 20,00
2925 to L4000 20,00 30.00 25,00
LO0O to 5850 25,00 35.00 30,00
5850 to 8100 30,00 45.00 35.00
8100 to 13500 35.00 55.00 140,00

Table 1: Recommended Well Diameters

The wells are generally lined or cased with mild steel
pipe, which should be grouted in place in order to prevent
caving and contamination by vertical circulation and to

prevent undue deterioration of the well by corrosion,
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Screens are used in wells in unconsolidated
acquifers, The width of the screen openings (slot
size) depends on the critical particle size of the
water-bearing material to be retained and on the
grain-size distribution, and is chosen from the sieve
analysis of the acquifer material. With a relatively
coarse and graded material, slot sizes are selected
that will permit the fire and medium-sized particles
to wash into the well during development and to retain
a specified portion of the acquifer material around the
screen, A graded filter is thereby generated around
the well, which has higher permeability than the
undisturbed acquifer material,

Perforated casings are generally used in
uncemented wells when relatively large openings are
permissible, If the casing is slotted in place after
installation, the smallest practical opening is 3,0mm,
Machine perforated casings are also available,
Fabricated well screens are available in a wide
variety of sizes, designs and materials, The choice

of material is governed by water quality and cost,

3.3 Water Treatment

The water from the bore holes is treated as

follows:



3.3.1 Aeration:

Air under high pressure from a compressor is
injected into the intake pipe line so tnat the oxygen of
the air removes any objectionable odour and forms
globles with any available mineral in sclution so that
it can be filtered out.

3.3.,2 Filteration:

The water is then passed through the high pressure
filter wherc most of the globles and any solids are

removed from the water.

3.3.3 Disinfection:

Tne water is disinfected by chlorination, Details
of the chlorination scheme is shown in figure 8, The
feed rate is adjusted so that the dosage is in the

order of the part chlorine to one million part water,

3.3.4 Softening:
Only the quantity of water required for the

boilers is softened by addition of L to & mg of tri-
sodium phosphate to each litre of water, Such that

if any calcium carbonate (which causes hardness of
water) is present it will react with the tri-sodium
phosphate to form sodium carbonate and calcium
phosphate, both of which are precipitated and filtered
off, while the softened water feeds the boilers.
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The renction can be represented as follows:

NO3 PO3 + 3Ca CO3 3!\73003 + CaBF’O3

3.4 Pipe Line Design and Problems

The design of the pipe line system is closely
associated with the production processes especially

. the sterilization and cleaning processes,

3.4.1 Types of Sterilization Process

UHT sterilizers are ‘-equipment capable of heazting
the product in continuous flow to a temperature between
135% and 150°%. 1In principle there are two different
types of this equipment (fig 15), the direct and the

indirect sterlizers.
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3.2 Direct Sterilization

Direct heating features a dircct contact between
the heating medium, i,e, steam, and the product to be
heated, while in indircct heating, a heat exchange
surface is sperating the heating medium i.e. stecam or

superheated water from the product.

Direct heating methods are also sub-divided
into tws sub-groups fig (16).

1

Injection hesting

2., lufmgioe heating L
Y A
ag O, 19 0 o000 ;ly
0 " 0 0 . .
D v e @ L»oo 0 *-/CJ,"
. o ST, pr- R o (-
: 3-1$¢c“17,<.,aoc’51 L"”@: ;.1/% _0-15 Sec
o™ & & 0 O ©
@ @ L‘ O O L
0 9 E)J OO o (" O :;te.‘ rel
| oo O 1 @ @adus
Fig 16: Nethods of Dircvct Henting & waler

Since there is direct cont2ct between product
and super heated steam, special deniands have to be
made (and are legnlly enforced in this country) on the
quality of the steam. The Food and Drugs Administration
Division of the cheral Ministry of Health insists that
the steam has to be produced from potable water
sufficiently treated to ensure that it is of minimun

certified quality free from ohjecticnable bodies
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(whether in solution or in suspension) or tests and
odour. Other required qualities for production
cortvenience are soitness and acidity level of PH
value ranging from 3.5 to L.5. The piping between
the steam generator i,e. boiler and the heating

equipment must be of stainless steel, and a cyclone

‘ and an active corbon filter must be Included to purify

t‘;-’* sieam ‘74w 17), The pipes are lagged up to a
sufficient c<*ent depending on the size of the pipes.
Only specinl cleansing agents are permitted to he
used for cleaning the bui’er (see clean in Place

. design).
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In principle, a time/temperature diagram of the
direct heating process shows a preheating of the milk
entering the equipment at a temperature of u-7°c and
heated by conventional plate or tubular heat exchangers
(indirect heating) to a temperature of 75-80°%. At
this stage steam is injected into the product or the
product is infused into a steam chamber raising the
temperature very rapidly to 1&0—15000. Heat transfer
is mainly due to condensation of steam, In terms of
dilution by water, approximately 10% of product dilution
takes place, This water has to be removed in order to
give a product having the same dry matter content as
the incoming product. Thus evaporation cooling

becomes a necessity.

After final heating and after the holding cell,
the product is exposed to evaporation coocling., In
general terms it enters 2 vacuum chamber, In this
chamber the condesed water is removed. Adjustment
of the vacuum which is product-dependent ensures the
neccessary removal of water and simultaneously controls

the dry matter content of the final product,

As far as milk and milk-based products are concerned
homogenization should be down-stream, i.e. on the
sterile side which means that an aseptic homogenizer
is necessary in the system, Fig 18 shows pipe arrangement

for an injection type sterilizer,
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The problem with the system shown in fig 3.4 is
that steam is used both in the preheating circuit
and for actual sterization process such that the
dryness factor of the sterilizing steam varies with
the temperature of the entering raw milk. Hence
the dry matter content of the product after evapora-
tion in the vacuum chamber cannct be the same as that
of the raw milk entering the balance tank, To improve
on the result, it is my submission that preheating
section be served with hot water system while steam
serves only the sterilization section. My proposed

design is as shown in fig 19.

The advantages of direct heating are:

1. Very rapid heatinc and cooling and consequently
a low total temperature on the product,

2. Less scaling, i.e. deposit formation, in the

. equipment (as compzred to indirect heating)

and less burnt flavour changes in the product
(only applicable when indirect heating equipment
is run for excessive periods of time.

3. Low oxygen content of the final product.
Expansion cooling does not only remove water
but also dissolver” ~7aces (02) resulting in an

oxygen content of the final product of 0.,1=
0.5 ppm.
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L. Less scaling also permits longer piroduction
runs, and, consequently, such equipment may
require less frequent cleaning and pre-
sterilization cycles.

5. Direct UHT sterilizers are comparatively in-
sensitive to pressure drops and, consequently,
relatively visions products like Yeghurt can be

processed.,

The disadvantages of this type of equipment are the
higher investment costs, the higher level of technical
complexity, and connectcd to that is more maintenance,
A further disadvantage is that in expansion cooling
some flavour compounds miy be remcved together with

the steam from some prc’ cts.

3.4.3 Indirect Sterilization

In the indirect type of equipment, the sterlization
temperature is somewhat lower, ranging between 135 and
140%, occassionally up to 145%¢, This is due to the
fact that some sterilizing «ction is already achieved

during the heating up of the product.

Three different types of indirect UHT - processing
equipment can be distinguished: the plate heat exchanger
the tubular heat exchanger, and the scraped, or swept-
surface sterilizer. Scraped surface sterilizers

feature rotating knives placed in tubular structures
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constantly removing deposited material from such
surfaces, Such equipment is expensive in
investment cost, demands a relative high level of
maintenance, and has relative low regenerative
energy recovery: it is expensive in operating
costs. The main advantage of scraped surface
sterilizers is their abillity to tolerate high
pressure drops, i,e., processing of very high viscous
products and to handle products containing sizeable
particles, BSuch products however, cannot be packed
aseptically in Tetra pak aseptic packaging system,
In Nigeria today only plate and tubular indirect
UHT sterilizers operate with Tetra Pak aseptice

packaging systems.12

Fig 20 shows Indirect Sterlizatiocon using plate
heat exchanger, In this system, the milk enters the
sterilizer and is preheated to about 60°c, homogenized,
heated to 95% passed through a holding cell, heated
to sterilization temperature (138%) and sent to the
flow diversion valve., It is returned to the first
cooling section and then admitted to a deaerator,

Next the product is extracted by a pump, Cooled
and discharged for packaging.

For a plant that uses the tubular heat exchanger

the pipe arrangement is as shown in fig 21,
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One of the disadvantages of this type of sterilizer

is that it is liable to get heavier burning=-on and
heavier deposits. Another disadvantage of the

tubular heat exchangers is that they are difficult to
clean. In order to get a satisfactory c¢leaning effect,
turbulance has to be created on the surface to be
cleaned., It is much easier to create turbulance on
plate heat exchanger surfaces than it is on tubular

heat exchanger surfaces.

Normal cleaning procedures for plate heat exchangers
are as follows: water rinse - alkaline cleaning=-water
rinse-acid cleaning-water rinse. This cleaning
procedure is quite efficient for plate heat exchangers.,
It takes approximately an hour and a half, The proce-
dure for tubular heat exchangers is: water-acid-water-

alkaline~-water-acid-water,

In the case of tubular heat exchangers, it is
recommended to add a further cleaning step to the
normal cleaning preocedure: Tho cleaning time increases
to approximately two hours. Of course, this procedure
is more expansive as more water, time and energy is

needed.

Advantages of Indirect heating equipment are:
Low investment cost

2., Good regenerative energy recovery =up to 85-50%,
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3. Technologically relatively simple solution =
relatively low maintenance cost.
h. No special demands on the quality of the heating

medium - either steam or superheated water,

Comparing plate and tubular heat exchangers, the
following advantages can be seen in the respective

system,

A: Plate Heat Exchangers

1. Less expensive in investment cost
2. Easier to clean
3. Equipment can be opened for inspection

j. Somewhat better regenerative energy recovery.,

B: Tubular Heat Exchangers:

1. Fewer gaskets - microbiologically safer,
less maintenance.

2., Tolerates higher pressure drops, longer
production runs, viscous products can be

processed.

Hence this project recommends the plate heat

exchanger.

3.4.4 Pipeline Design Specifications
The sterilizer capacity of 8000 litres per hour

is selected., Hence the design specifications based

on fig 20 are as follows:
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Balance Tank = BOO Litre, stainless steel
Pumps: ' o A
P,y Py, P3 = 8000 Litre/hour each
Linking Pipes: _
Diometers, § = 7.5cm all round =~ b

Length, the varying lengths are

indicated on the working drawings.

3.5 Pipe Line Problems

3,5.1Material Selection S

Milk poisoning due to presence of metal ions in
the product is a problem that can only be solved by
- using the right material for the pipe line works.
An optimal material selection is one that minimizes
corrosion, adsorption and deposits, precipitation
and colour changes, as well as withstand all the
mechanical and thermal stresses involved in the
production processes. In the dairy industry, the
temperation variations in the pipe line range from
—hoc for the chilled water line to 160°¢ for the steam
line and the chemicals that of necessity must flow in
the plpe network from time to time are Lactic acid
(CHBCH(OH)COOH), trisodium phosphate (NaBPOB)’ sodium
hydroxide (NaOH) and Nitric acid (HNOB), chlorine (012)
and Bacteria., Different materials will now be considered
in turns with a view to selecting the best for this

purpose,
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Glass: Glass is resistant to all alkalis and acids
that are used in the milk production, or in the
detergent for washing the pipe line, but it is easily

damaged mechanically.

Stainless Steel: Stainless steel is resistant to

alkalis and to certain acids, It is corroded by
hydrochloric and sulphuric acids and also by lactic
acid, which causes spot corrosiomn, It is further
corroded by chlorine, particularly in its gaseons

state or at low PH values.

Copper, Brass, Tin and Tinned Materials: These are

sensitive to both strong acids and strong alkalis,

Aluminium: Aluminium is corroded by bacteria, by 1lye
and strong acid except metalicate and nitric acid,
Chlorine and iodine oxidize aluminium, but the oxide
formed remains on the surface to protect the metal

against further attacks.

Alloys: The trouble with using alloys is electrolytical
corrosion, When two different metals obtain contact
with one another through an electrolyte, for example,

a detergent, the electrolysis the proceeds result in
electrolytic corrosion, Stainless may be of different
alloy compositions, for example, for reasons of
machining, the steel used for unions is not the same

as that used for piping. According to Dr. =.V. Bockelmann
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in a lecture delivered to Tetra Pak International AB,
Lund Sweden in 1982, weight losses due to electrolytic
corrosion have been measured at 0,02 mg/cmzfmonth in
piping of nickel=chromium steel as compared with

0,7 mg/cmzfmonth in the pipes of cupro-nickel

steel, The weight loos of tin in the same system
amounted to 0,015 mg/cmz/month.

Plastics and Rubber: Water is abscrbed by some

plastics. Nylon adsorbs approximately 50 times as
much water as polypropylene. PVC and acrylic
plastics also absorb water, Teflon adsorbs protein
which comes off in flakes. Parts made of rubber,
like those made of plastics, can easily be damaged
mechanically. Natural rubber adsorbs fat., Tempera-

tures of over 100°c are harmful to 21l rubbers.

From the foregoing discussions, nickel-chromium
steel is recommended as the best material for pipe

works.

3.5.2 Head Losses in Pipes

Other problems associated with the pipe line
network is the fluid flow itself, Here we shall
consider:

1« The Gas Lines; and

2. Tne Liquid Lines.
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1. Gas Lines

For the gas lines, the fluid is compressible
and therefore pressure variation is an infinitesimal
quantity and hence can be neglected for all practical

purposes.

2. Liquid Lines

For the liquid lines, the fluid is considered
incompressitle, and therefore we assume laminar flow
all through, That is the fluid particles move along
straight, parallel paths in layers or laminae,
Because the magnitudes of the velocities of adjacent
laminae are not the same, there exists sheer stress
(t) in between laminae, Laminar flow is governed by
the law relating shear stress (}) to rate of angular
deformation, that is the product of the viscocity
QJ) of the fluid and velocity grandient

dv
dy
2

or Y = r‘l% N/m

The energy exchange for a non-compressible fluid in

a pipe is presented in figure 22,
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therazodynanics can Y- y r tten thu«:

Where Z = Elevation above reference line
V = Velocity
P = Pressure
= Density

hL = Loss in head

Where some moLive force is applied to the fluid,
for example, by installivg a pump in the pipelive,

the additional head, oy would be recorded on the

4
.
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left hand side of the energy balance, Thus:

2 2
h_  « Z,1 + V1 +‘El = 22 + VZ + Eg 4 hL
: %7 % 7

It is important to note that fluw continyity is
preserved in a full-flowing pipeline, that is, the

fluid flow rate constant, Thus:

= 02 = (3

= A1V1 = AZVZ

Where Q = flow rate

A1 and A2 are the cross-sectional areas at two prints

along the length of the pipeline,

The head loss, hf, is mainly attributable to
viscous-friction effects and to turbulent flow
characteristics. Emperical expressions have been
developed to estimatetthe viscous losses which may
arise in a particular system, and the most useful

equation is:

B ® L)Y,
d*2C
where hL = head loss
L = Length of the pipe

d = diameter of the pipe
: 4 = friction factor
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From the foregoing discussions we can deduce that
head losses can be minimized by having:

Ya Shorter runs of pipe

o Pipes of larger dismeters

3. Flow of lower velocities

L. Smaller differences between Z, and Z,

S« Minimum number of bends, sudden enlargements

and contraction of the pipe diameters.
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CHAPTER FOUR
SEWAGE DISPOSAL

Sewage represents the rate of daily water
supply with a small amount of inpure material that
polutes the whole. This is a clear reason to
separate the handling of storm water for dispersal
to the ground or direct disposal to the water ways
rather than permitting it to swell the volume of

sewage requiring treatment.

The sewage system has to remove and dispose

of the following:

1. Storm water from a2ccess roads, roofs of buildings

gardens etc,

2 Domestic sewage i.e, excreta, urine and slop

water from baths, wash hand basins, laundries,

3. Industrial wastes from production areas,

4.1 Storm Water Drainage System

Storm water drainage system is made up of all
waste water that is considered safe for direct
disposal to the surrounding ground or to the
waterways, These include:

1. Water for garden watering = 14400 litre/day
2. Water for car washing = 5700 litre/day
3. Rain water, which is a function of the actual

quantity of rain collected in the premises
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area, and permeability of the ground (run-off

factor) and the rate of rainfall per minute.

The most severe storm for which provision has to
be made is the basis of design. In the northern part
of the country, rainfall average is 100.150 centimetre
during the wet seasons, In Kaduna this spans from
April through September and the highest rate of rain-
fall ever recorded in Kaduna being 3.19 cm/hour
(1.28 inches/hour) which occured on July 18, 1981 at
1342 hours Nigerian local timez.8 Therefore the basis

of design for storm drainage in Kaduna and its environ

is a rain intensity of 3.19 cm/hour (1.28 iches/hour).

The run-off foctor for various land forms are as

follows:

T RUN=OFF
DESCRIPTION FACTOR
water tight rocf surfaces 0.90 - 0,98
Gardens, Lawns 0.25 - 0,50

0.05 - 0025
Asphalt surfaces 0,80 - 0,90
Sandy soil 0,30 = 0,60
Concrete surface 0.85 - 0,95

;ource: Agro=Met orological Bulletin of Nigeria,
y the Nigerian Meteorological Services
Headquarters, Lagos

TABLE 2
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Date Jan Feb Mar Apr May JEEE JE;Y A;g S;ﬁf
1 - - 8.2 - 0.1 5
2 - - - 26,1 - 1l
3 - - - - 1.5 -
L - T8 - 45.5 6.3 -
5 - 33.5 8.3 11.2 16.6 -
5 - 2,3 12,6 1.3 - -
7 - 1.5 - - - -
8 - 10,1 0.7 10.8 12.8 -
9 - - - = & &

10 - - B 242 - -
11 - - - . 5 _
12 = ” 1.9 2,6 1.8 -
13 - - 204 - - -
14 - - - 0.5 -
15 - 7.6 - = = =
16 - - 7.7 0.9 31.9 e
17 - 22,6 - - i 1| -
18 P = = - - _
19 - 21,2 1.4 51.8 - .
20 - 1.4 2.0 6.1 12.6 -
21 - 18.1 2.8 15.6 - -
22 - - 27.4 - - -
23 - - - “ - -
2 - 8.7 - 0.9 - _
25 - 20,2 - 13 = -
26 - L1 263 13.8 22.6 -
27 % & i & = _
28 - 20.8 - 53.2 - -
29 18.5 - 29.8 - 15.9 -
30 0.7 - - Ly 5.5 -
31 - - 18.1 16.4 6.6 -
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L.BLE 5: - m“  . RAINFALL INTENSITIES FOR HEAVY PRECIP;TATION R May 1981
Station . 15 min, 30 min, 60 min. 2 hrs 3 hrs, 6 hrs., 12 hrs 18 hrs, zh‘ﬁrq.
| Day T A T A T A T A T A T A T A T A T A

KADUNA 20 : 2016 2,02
ZARIA 9 1554 0.86 155l 0.93

" 26 0654 1.20
YELWA 23 1943 0.95 C19L% 2.35
MAIDUGURTI L 1443 0,62 143 2.9
NGURU 8 1648 0,62 1643 0,06 1640 1,84

29 1448 0.70 1448 1.3
N.B, T = Time of Comﬁencement of Intensity Measurement -

A ~ Amount of Rainfall in specified Period in Ins.
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PABLE 6: . RAINFALP.INTENSITIES FOR HEAVY PRECIPITATION - JUNE 1981
Station 15 min 3C min 60 min 2 hrs, 3 hrs. 6 hrs. 12 hrs. 18 hrs. 24 hrs,

Day T A T A T A T A T A T A T A T A T A

KADUNA 12 18@ 0.13 | | 14,20 2,10
ZRIA 16 0.93 1725 0,91
— 30 U35L 0,53
o — T ) e et et Y
%E:AIDUGURI 5 L3 0,62 L3 1.140. _ .
WNGURU 17 1648 0.62 1648 0.52 1643 1.06 B

30 1448 0.66 148 0,70

N.B. T = Time of Commencement of Intensity Measurement

A - amount of rainfall in specified period in Ins.
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RAINFALL INTENSITIES FOR HEAVY PUECIPITATION

tation -1? min 30 min 60 min 2 hrs. 3 Hrs:_ 6 hrs. 12 hrs 18 hrs 2ly hrs
Day T A i A T A T A T T A T A T A T A
S ADUNA 18 1054 0.66 1342 1.28
ARTA 10 1584 0.86 155 0.55
- 22 038l 0.5% -
YILW 28 1943 0.95 1943 1.15
NMAIDUGURI S 1443 0.62 143 1.49
NGURU 8 1648 0,62 1648 0.52 1643 1.06
28 1448 0.66 1448 0.70 |

N,

o
=3
1

Time of Commencement of Intesity Measurement

A - Amount of Rainfal in Specified Pericd in Ins.
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BIE 8 RAINFALL INTENSITIES FOR HEAVY “RECIPITATION MAY 19

Station 15 min 30 min 60 min 2 hrs. 3 hrs. 6 hrs. 12 hrs 18 hrs 2L n
Day P A G A 3 A T A  y A i A ( y A G
10 015, ©.66 1725 1.5
U] 1 1584 0.86 1554 0.53

23 035 0,53 .

9 0705 0,61 1940 1.15 1943 1.13
' IDUGURT L W3 0.62 1443 1.49 T

NGURU 2 1648 0,62 1648 0.52 1648 0,98

19 1448 0.66 48 0.87

Intensity Measurement

N.B. T - Time of Commencement of
A ~ Amount of Rainfall in Specified Period in Ins.




LPLE 9t RAINFALL INTENSITIES FOR HziV IRECIPITATION JUNE 1982

15 min 30 min 60 min 2 hrs. 3 hrs,. & hrs. 12 hrs 18 hrs 2L h;QA

Stotion T

Day T A T A T A J & A T .4 T A s b A T A T A
1L2DUNA 6 0520 0.3 1050 1.32
Z RIA 21 1508 0.9

13 0384 0.53
YELVA 15 1940 0,2 19 1 1.05
1 2IDUGURI 21 L3 0.62 14 3 1.49
NGURU 17 1648 0,52

20 1430 1.2

N.B. T = Time of Commencement of Intensity Measurement

A =~ Amount of Rainfall in Specified Period in Ins.
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2IBIE 10: RAINFALL INTENSITIES FOR HEAVY DRNCIFITATION JULY 1982
Station 15 min, 30 min 60 min., 2 hrs. 3 hrs. & hrs. 12 hrs 18 hrs 2L h
Day T A T A T X T & Ty~ A " 17— "T 1T
Y ADUNA 8 0415 O.k 19,0 2.05 I
2 "RIA 12 155, 0.86 155 0.53 |
27 0384 2.53
YILWA 23 1820 0.21
AIDUGURI 26 1350 2.22
NGURU 13 0230 0.59 0230 0.70 0230 1.65

—

L

N.B.

ey

T - Time of Commencement of Intensity Measurement
A - Amount of Rainfall in Specified Period in Ins.
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RAINFALL INTENSITIES FOR HEAVY PRECIPITATION

MAY, 1983

E::tfoz s min. 30 mn. B0 min, 2 hrs. T hrs. G TS . T2 hirs. 18 hrs. 24 hrs,
pay T AT A T AT A T A T A T A T 2 0T A
RaADUi 4 0125 0.42 1740 1.70
Zirl e 1320 1,15
30 1940 0.29 0354 0.53
YILUA 13 1526 0.31 1930 1.40
o - X
LATOUGURI b 1204 0.31
IGURL >0 1648 0.62 W8 0,52 1643 1.06
29 1520 0.63 1 0 0.71 -
M, B. T - Time of Comm.rcemen* 0. Inte . 3ity Measurement

A - Amoun” of rainfall in specified period in Ins.



INTENSITIES FOR HEAVY PRUCIPITATION
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TADLE 12t RAINFALL JUNE 198
ni?i:fh 15 min, 30 min. 60 min, 2 hrs, 3 hrs. 6 hrs., 12 hrs, 16 hrs. 2l hrs.
gi wn pay T 4 A T A T A T A T A T A T A T A
KADUNA 16 O30 0.68 1520 1,20
ZiATh 18 | 0354 1.23 )
T 30 1830 0.85 B
vELn 10 1640 0.23

- 19 180G 0.54 1800 1.15 )
i‘iﬁz‘:‘I‘DUG.U‘RI 20 0453 0,15 o453 1.40
NGURU 7 168 0.62 1648 0.52 1643 1.06

' 30 1448 0.66 1LLB 0.70

N.B.

T ~ Time of Commencement of Intensity Measurement

A - Amount of Rajinfall in specified peried in ins.



69

2h0l.5 131 RAINFALL INTENSITIES FOR HEAVY PRICIPIT/TION JULY 1983

15 min. 30 min. 60 min. 2 hrs. 3 hrs. 6 hrs. 12 hrs. 18 hrs. 2L hrs.

o Day T AT A T A T A | AT A T A T A T X
""" : 3 1615 0.37 1615 0.67 1615 1.26
E ‘l?. 30 0253 0,82 0354 0.53
0 ek 13 1943 0,21
“TOUCURT 6 1130 0.31 130 0.65
S 20 Mmh3 1.49
NGLRU 15 0608 0,60 0608 0,96 0608 1.20

N.B. T - Time of Commencement of Intensity Measurement
A = Amount of Rainfal in specified period in Ins,

SOURCE: Agro-Meteorological Bulletin of Nigeria
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2

The land arez of the premises is 9605.32 m

broken down as follows:

5577.36 m°

Grass lawns and gardens -

Concrete surfaces - 1367 i’
Built up (roofed) area - 1458 e
Asrhalt surfaces - 1312.32 m2

From table 2 the coumbined run-off factor for these

r

surfaces is:

3 -

T = o= 1L % A e
s - v = | - e - - -~ S e =
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o= S el e P & VAR . R
0l the stornm grainage Evsian 1he c2tazit ogal,

gutters (V) shonld 5o e Zess %ren :272Z%
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Finimum cross sectional area of the gutter:

le———0.70m ——5

-/
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Fir 2La: Secxiom ol 1 rorm Trginegre Gutter
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For energy blance,

Potential energy at point A

é

i.e. % mv =
2

nr v =

Hence the formulz used

of @ channel is

Q = av =
where @ = discharge i
a = area of cro
v = .mean, velocd
in m/sec.

Cd = coefficient
= 1 fo

betw

g = acceleratio
= 10m

h = fall of the

= tangent of

-
L=

by th

the horizorn

floer of the

74

kinetic energy

at Point B

for calculating the discharge

2 Egn
Y "3/sec

) . Z
ss sectior in m
ity in the chiannel

of discharge which is

open gutters eand vearies

cen 0.6 and 0.6 for pipes.

gutter (or slop

-
JE’L‘.

-

=
[

chne
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Fig 2L4b: Fall of the Gutter in Degrees

A desirable

velocity of flow of 120-150 cm/set

i.es 1.2 te 1.5 m/sec has already been specified.

Hence substiting
Q = av =
or v =
ca =
g =
2
v =
h =
? -

when V = 1,2,

in

10 m

20 h

vZ

20

tan = h = tan ' v2
20



WYhen VvV = 1,5, ¢ = tan =1 i%ﬁgl?
= tan . 0.1125
= 6.,°

4.2 Details of the Desimm of
the Storm Drainage Gutter

Material: Concrete

Thickness: 15cm

G:-r'c und Level \\

N

Edgc 1:  All outer edges of the gubter should
project 15cm above grourd leyel 1o cxclude flood

from outside the premises of ithe fuctarey.

ndge 2: At the same leve] with the ground for

unhindered flow of flood into the wmitter,

The inner cdges should be equiped with about
15cm metal guaze to prevent soil and other solids
from entering the gutter to tend to block it.
Lffort should be made to clear the gunze of debris

from time to time.



Notes on Fig 23

Built up area

Gutter

Grass Lawns and Gardens

Concrete Pavements

Asphalt Roads

71
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The land area of the premises is 9605,32 m2

broken down as follows:

Grass lawns and gardens = 5577.36 n°
Concrete surfaces - 1367 m2
Built up (roofed) area - 1458 m®
Asphalt surfaces - 1312.32 m°

From table 2 the combined run-off factor for these

surfaces 1is:

0,50 + 0,95 + 0,98 + 0,90
I

= 0,8325

And from table L.4b, the severest rate of rainfall to
be provided for in the design of sterm drainage system
is 3.9 cm/hour or 0,0319 m/hour,

Hence flood rate @ = 9605.32 x 0,0319 x 0.8325
= 255,386 m3/hour

Hence to optimize the cllectiveness and safety
of the storm drainage system the capacity of the
gutters (V) should not be less than 255,386 m3

From fig .1, perimeter of the gutters
= 378,35 m
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For energy blance,
Potential energy at point A = kinetic energy

at Point B

l.e. é mV2 = mgh

nr v =

Hence the formula used for calculating the discharge

of a channel is

Q = av = VZ2Egnh

where @ = discharge ir m3/sec
a = area of cross section in m2
v = mean, velocity in the channel
in m/sec.
Cd = coefficient of discharge which is
= 1 for open gutters and varies
between 0.6 and 0.8 for pipes.

g = acceleration fdue to gravity

= 10ms™2

h = fall of the gutter (or slope)

= tangent of the angle subtended
by the floor of the gutter and

the horizon.



4.3 Sewers System

The sewers system transport all liquid wastes
i.,e. excreta, urine, slop water from baths, wash
hand basins, laundaeries and industrial wastes
from production areas. Details of the design is shown
on plate 1.

The whole sewers are underground with manholes
located as shown to ease inspection and clearing of
deposits if any. The pipe sizing at various stages
depend on the quality of the sewage as shown,

The velocity of flow should not be less than
0,8m/S in order to be self cleansing. Hence the
required slope of laying the sewer pipes is given
by eqn L.1 or

or vV = Cd.v’?"g_ﬁ

where vV = velocity of flow = 0.8 m/s
cd = coefficient of discharge = 20.6-0.8)
for pipes)
= acceleration due to gravity

= fall of gutter = ten @ where g =
angle of slope

hence substituting in eqn L,1

0,8 = 0,7V 2gh = 0,7 VZO0HR
or VEUE" = &8 . 4.3

20h = (1.143)° = 131
... h = 1. 1 s 0.0ﬁS-tanﬂ
= 3.74°
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L gSewage Treatment

i

Since the passing of the rivers' pollution
act i1t is no longer permissible to pass crude
sewage into rivers unless the minimum amount of | .
water in such rivers is at all times capable of ‘
diluting the sewage five hundred times. It has then
become necessary to treat the sewage so that a harmless

and pure effluent is obtained,

heE Analysis of Sewage

The impurities present in sewage occure

floating, in suspension, in solution and in

colloidal form. Suspended matter consists of
material of a greater dersity than water, which is

to the treatment plant, because the velocity or

flow in the sewers is too great to allow it to
scttle, Colloids are finely divided particles that
appear from physicaol tests, such as sedimentation

to be in solution, and yet will not pass through a
filter paper:l8 They oxist in on interacdiate state
between suspension and sclution, and their removal
forms one of the most difficult problems with which
is encountered in sewage disposal. They are too fine
for settlement, but are coarse enough to clog filters

of fine material,
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It is difficult to make an exact chemical analysis
of a sample of sewage. Much of the material is
organic and includes living organisms of animal and
vegitable nature, together with substances produced
by their digestive processes and by their death and
decay. Such impurities are necessarily unstable,
for they are in a continual state of decomposition,
Even if it were possible to arrcst the development
of these changes the various elements, of which the
organic matter is made up, are combined together in
such a complicated mannerthat it is very difficult to
determine the exact composition of the resultant

compounds ,

It is, however, possible to make certain
anelyses which afford the necessary information for
determining the kind of treatment to which a
particular sample of sewage should be subjected, or
whether the affluent from a certain process is
sufficiently purified., Thus, the determination of
the quantity of nitrogen present, and the manner in
which it is combincd with other elements indicate in
the case of crude sewage whether it is fresh or stale
and how much putrescible matter it contains, and in
the case of an effluent, how far oxidation has

gone, The analyses are shown in tables 14 and 15,
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Table 1&: Quality Characteristics of Waste Water

Sanitary
Characteristic waste E;gzzry
wWater
PH 7=-9 9.5
Temperature 20-30% 20-30"%
Turbidity (mg/L) 30 20
Total Sclids mg/L 500 1000
Biological Oxygen
Demand (B.0O.D.) mg/L 350 1000

Table 15: Quality Characteristic of Treated waste Water

Tharacteristic Effluent
PH -6
Turbidity mg/L 10
Total Siids mg/L 150

B.0.D, mg/L 20
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L.6 Design of the Sewage Treatment Plant

The layout of the waste treatment plant is based
upon the worst combination of flow and pollutant -
load variation that may be encountered. It is almost
inevitable that pipelines will break and tanks will
inadvertently be dumped. Emergency operating conditions
may increase waste volume even as storm water is not
treated. Tne scheme of the waste water treatment plant

is shown in fig 26,

L.6.1 Screening

Screening is a mechnnical process that separates
particles on the basis of size. Tpere are several
types which have static, vibrating or rotating screens,
Openings in the screcening surfaces range from several cent-
imetresdown to 35 microns (Mm). The most commonly

used screens in industri=al processes are classified as:

L Bar screens for removing large suspended solids,

25 Rotating drums having screen openings ranging
down to 250 MM for reuwvidg suspended solids
on the outer surface of the drum.

3. Vibrating screens with screen cloth down to
100

4. Inclined stationary screens down to about 250

5. Microstrainers witk rotating drums that retain
suspended solids on the inside of the drum that
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sereen apertures down to 23 The amount of
solids removal depends upon screen size and
charaeteristics of the waste water being
filtered, Microstrainers are known to be
equivalent to sand filters in their capaeity
to remove suspended sclids, including
mieroseopic solids such as <wvarious forms of

plankton and general migrosecopic debris,

4.6,2 Design of the Screen

Bar sereen is chosen for this project.

From Q = VA

we ean determine the area of the bar sereen (A)

where Q = quantity of sewage flowing per hour
V = vygaglocity of flow of sewage

A = area of channel = area of screen,

The gquantity of seware flowing per hour
= 60% of water demand of factory

i.ee Q = 0,6 x 246962 litres per day

= 9,6 §h2h6962 litres per hour

= 6174 litres per hour
= 6,74 m per hour
V = 0.8 m/s = 4;8m/hour

AT - s Lo

i.e, width of screen = 0.28m, depth of sereen = €,5m



4+6.3 Design of the Settling Tanks

The removal of the suspended matter present in
sewage is carried out in the settling tanks, The
tanks may be of:

e the horizontal flow type
- the vertical flow type
3. the radial flow type

The maximum deposition of material occurs when
the velocity of flow is zero., Byt in practice, the
sewage is kept in continual motion during its passage
through the treatment works and, if the cross-
sectional area of the sedimentation tanks is
sufficiently large compared with that of the main
sewer and the time of detcntion in the tank is long
enough, the majority of the suspended matter should
be removable without stoping flow altogether,

4 .6,4 Horizontal Fjow Tanks

In sedimentation tanks that work on the continuous
flow principle, the sewage flows through the tank at
a2 velocity low enough to enable the requisite proportion
of suspended solids to settle., The amount of
clarification depends upon the velocity of flow and the
period of detention, The time of detention is the
interval that elapses between the instant that an element
of the liquid enters the tank and the instant at which
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it leaves it., Tpe longer the period of detention

and the slower the velocity of flow, the greater the
amount of suspended matter removed., Under normal
conditions, with sewages of average strength, about
50% of the suspended solids will settle in two hours,
and the rate of deposition falls off considerably after
this period, The dry weather flow is usually taken

as the basis of design, although the minimum
permissible clarification should be obtainable when
the tanks are working a2t the maximum rate, which will
usually be when they are dealing with three times that
amount, Assuming it is uneconomical to extend the
period of detention beyond three to five hours when
the maximum quantity is being dealth with, the time

of detention based on the dry weather flow will be
from 9 to 15 hours,

To prevent it from becoming septic, either the
whole of the sludge or that which has remained longest
in the tank should be removed at intervals of one week
or less. The capacity of the tank must be such that
it can accommodate the maximum quantity of sewage
retained in it, or flowing through it during the
requisite period of detention and the amount of sludge
deposited between successive cleanings. The greater
part of the sludge is deposited near the inlet because

the heavier and coaser solids settle more quickly than
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the finer ones. For this reason the sludge outlet
should be located near the inlet and the bottom of

the tank slopes from the effluent outlet towards it,

It is not practicable to construct horizontal flow

tank with slopes steep enough to render them self
cleansing., Consequently squeegees operated by hand

or mechanical means have to be used to push the sludge
towards the outlet, The sludge should be pushed into

a sump at the outlet end of the tank from which

it is pumped away for further treatment or final
disposal, Power operated skimming blades should be
used when mechanicnl scaapers are used., These help
coagulation of the suspended matter and separate grease
and floating matter by pushing it into a trough running

transversely across the tanks,
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}.,6.5 Vertical Flow Tsnks

Vertical flow tanks are deep tanks, circular
or square in plan, into which the sewage is admitted
below the surface, but above the highest sludge
level and from which the effluent is discharged
into troughs constructed round the periphery of
the top of the tank or diametrically across it,
The sides are made vertical for the upper part,
but at the bottom slope steeply (at 45% or more)
to facilitate gravitational removal of the sludge,
the outlet for the latter being provided at the apex
of the inverted cone or pyramid formed by the lower
part of the tank,

The action that takes place in a vertical flow
tank is as follows: Particles of suspended matter,
on entering the tank, are borne upwards in the
liquid. Their upward velocity diminishes as they
rise owing to the downward effect of their own
weight. At certain level there is a .aeutral
plane where the molion of the particles is neither
upward nor downward and those rising from inlet are
met by those falling from the surface., Here the
suspended matter collects and coagulates, When the
density of the mass becomes too great, .portion of
it detach themselves and fall to the bottom of the

tank in the form of sludge. One of the great
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advantages of the vertical flow tank is that owing to
the steep slope of the lower part, the hychostatic
head of sewage overlying the sludge is sufficient to
cause the latter to flow through the outlet without
assistance. In case where the disposal site is at a
higher level than the tank, the effluent has to be
pumped. The disadvantage is that it is inpracticable
to construct vertical flow tanks where the ground is
unduitable, depths of 30 feet or more being not

unusual,

1,6.,6 Radial Flow Tanks

A radial flow tank is a comparatively shallow
circular tank in which the diameter is large relative to
its depth. The sewage enters at the centre and flows
into the collecting channel which completely surrounds
the tank. The heavier particles are able to settle out
at the relatively high velocitdes prevailing near the
cutlet weir enable most of the finer and more resistant
particles to settle. Tye sludge is collected in a
conical shaped pocket situated at the centre immediately
below the inlet, It is not practicable to give this
tank a self-cleansing slope, therefore a power driven
scraper is provided which more slowly on the gentlye
sloping floor and push the sludge inte the central

pocket,
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Surrounding the central inlet chamber is a
rack creen with vertical bars which servces to deflect
the heavier solids into the sludge pocket, produce a
thorough mixture of the inflowing sewage and equalize
the flow through the tank, thereby preventing short
circuiting. Another rack creen is placed on the

outer circumferencc of the main protion of the tank,

li,7 Calculation of the Capacity and Size
o the Primary secttlement *anﬁ

Having considered the various types of continuous

flow tanks, the horizontal flow type is considered most
suitable for this work both for primary settlement,
aeration and final settlement tanks., The primary
settlement tank, capacity exceeds the others by

volume of the suspended matters which it settles.

The capacity of the tank is a function of the volume

of sewage, the rate of flow and the detention time

required.

The veolume of the sewage depends on the total
water demand of the factory. It can be safely
estimated that sewage is 60% of the water demand
in the dairy plant.

= 0,6 x 246962 litre per day

= 0,6 x 2,6962 Litres per hour

= 6174 litres per hour
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Detention time = 2 hours

.‘. Required volume of the primary settle

tank = 12348 litres (12.35 m3)

Average Depth =" 3m
2

e’e Area of tank = 5,116 m
Length of the lank Is to times the width
lee. L = 10W

where L = Length of tank

v = "idth sf tank
Ceni o L m N AAR 2
Now sice = L xW = 4@11 > m
nence L x ﬁ? -~ g 118
or L = JThin X 10
= 612 m
= 0,642 m

and W

A geatls slope of 7 in 100 is applied

Hence Depth at inlek = 3 - Euggki = 2.,968m

and Depth at outlet = 3 + 0.0642 = 3.032m



93

1.8 Ccalculation of the Capacity of the
Aeration and the final settiement Tanks

Assuming the crude sewage contains LO parts per
100,000 of suspended matter and that 60% are removed

in the primary settlement tank,

Volume of suspended matter removed in the primary

tank
= 0,7 x 0,0004 x Volume of primary settling tank

= 0.7 x 0,000 x 12.348 m>
= 0.00346 m> = 3.46 litres

For all practical purposes this is a small quantity
and therefore can be neglected. Hence volume of all

the three tanks are constructed in equal vclume,

4.9 Specification of the Sewage Recycling Pump

Thz function of the recycling pump is to pump
away any effluent from the final settling tank that
still contains more suspended matter than is permissible
back to the primary settling tank for further treatment
Ugually less than 20% of the effluent is recycled.
HHence required flow rate that the pump must handle
is given by

Q = 0,2 x 6174 1litres/hour

= 0,2 g0617h = 20,5 litre/min




CHAPTER FIVE

DESIGN OF THE REFRIGERATION SYSTEM

5.1 Refrigeration Background

Refrigeration is the achievement of a temperation
below that of the immediate surroundings. The mainten
majntenance of low temperature requires the removal of
heat from the product at low temperature and the

discharge of this heat to a higher temperature.

The heat which a coolant requires to change
phase from solid to liquid, liquid to vapour, or
solid to vapour (sublimation) is what is used for
refrigeration., Changing phase from solid to liquid
is melting and the heat absorbed by the coolant is
the latent heat of fusion. The most prominent example
of this process is the melting of ice. The
disadvantage is the inability of ice to cool a
product below €%y, One technique used to overcome
the temperature "imitation is to use a salt solution whicl
freezes and melts at a temperature lower than pure

water, -

The change of phase from liquid to vapour is
vapourization and the heat absorbed by the coolant
or by the product directly is the latent heat of
varpourization, This process of refrigeration is

the most widely used method beeause it is the
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one that occurs in the popular wapour-compression

cycle.

The basic equation which expresses the amount

of heat transfered in a change of phase is:

Q = mL

where Q = amount of heat transfered (KJ)
M = mass of coolant (kg) or kg/hour
L = change in enthalpy KJ/kg

Refrigeration is essential in the Dairy industry
both for cold treatment and storage of the products
and for making the chilled water required in the
actual production processes and for air conditioning
purposes.

In making the Ice cream for instance, the
ingredients (fresh milk) are first pasteurized and
thoroughly mixed., Then refrigeration equipment cools
the mix to O to 4°c whereupon it enters a freezer.
The freezer drops the temperature to =7 to —SOc at
whach condition the mix stiffens but remains fluid
cnough to flow into a contajner. The containers are
then moved into the freezing room which is maintained
between =2L°% and ~25°% where the ice cream is
hardened, From this pcint on, until used, Ice cream

must be stored below freezing temperatures,
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The design of the refrigeration system in the
factory, depends upon the production capacity, the
processes in the factory, the desired temperatures,
the initial temperature of the ingredients as well

as the prevailing atmospheric condition.

5.2 Estimation of the Refrigeration Capacity

As already stated in the previous sections of this
work, the production capacity is 18,000 litres per day

while the temperature ranges are as follows:

Product 1nitial Process Final Storage
et Temperaturc Temperature rumperature Temperature
Ice Cream Room 90% -28°%¢ -l -0%%
temperature
Milk Room & & a
temperature 150" ¢ 0=l ‘¢ =l c

Yoghurt  Room - ' '
temperature 90°c 0=l ¢ 0=l ¢

Table 16: Temperature Range

Hence the temperature of the products ranges from
-28% to 150%.
The Refrigeration cgpacity, Q = MS (t; - 1:1) in
kilo calorie/hour,
where m = mass of the product
s = specific heat or entialpy of the product

t:f = final temperature

tp = process temperaturc
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Table 19: Halocarbon Refrigerants

Desipnation Chemical Name Formila.
Freon 11 Trichloromonufluoromethane ocl3 F o
Freon 12 Dichlorodifl;orbméthahe ccl, Fy
Freon 13 Monochlorotr;fluoromethang ccl f3

Freon 22 Monochlorodiflu;famethane CHel F,
Freon 30 Methylene chloride CH3 CL,
Freon L0 Methyl.thqride CH4CL

Freon 113 Trichlorctrifluoroethané 0012 FCCL Iy
Freon 114 Dichlorétetréfluorééthane CClFQCCL Fo

Table 20: In-0rganic Refrigerants

Decsgmation Chemical Nave Formisa
717 Ammonia - NH3

748 water ' ;.?0; H,0

729 ar

iy Carbon dioxide CO,

76l Sulfur dioxide 80,
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Now the obvious means of cooling a product
is to bring it in contact with a colder substance
or the coolant, Milk is cooled by the rise in
temperature of chilled water and ice cream is
freezed by being in contact with the evaporator
of a refrigeration system in which Ammonia
liquid is varpourizing to absorb its latent heat

of vapourization from the ice cream.

The quantity of heat Q in kilo joule (KJ)
removed by the coolant during a constant-pressure

or steady-flow process is given by the equation:
Q = MC, (tp = )

where m = mass flow rate kg/hour

cp = gspecific heat at constant pressure
KJ /kg/°C
tf - ti = rise in temperature of coolant, O

For sptimal design eqn 5.1 = equation 5.2

that is:
Ms (t; - tp) = LL.3 KJ/sec = m'cp (t; - ti)

m! = mass of refrigerant/sec

cp = specific heat of refrigerant = 0,701

By =ty = change in temperature of refrigerant
= 30-(-28) = 58%

o » W - . = 1,09 kgfsec



5.3 Refrigeration Cycle

The refrigeration cycle can be viewed as a
reversed (Carnot heat engine cycle. Sadi garnot
proposed a heat engine cycle composed of reversible
processes which gave the maximum possible work when
working between two}fixed temperature limits, T,

and T2,

net \Werk N

dink

[
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That is Q = ms(tf - tp)

From table 47 the specific heat of milk is 0,935
and for ice cream it is 0,78, Latent heat of

fusion of water at atmospheric temperature is 2107.4
KI/kg. and mass of the product is:

18000 kg
0

tf = 140%c
= 28°
tp 8 ¢

«'e Couling load, Q@ = heat absorbed from the
product to cool it from 150% to 0% plus the
latent heat of fusion and the heat absorbed from
the product in order to cool it further to -28%

i.es @ = 1800 x 0,935 (150 = 0) + 18000 x 2107.4
+ 18000 x 0,78 (0-(-28) KJ
= 252450 + 3793320 + 39312 = 3822496 KJ

That is the Refrigeration capacity Q
= 3827496 KJ per day
= 159479 KJ per hour
= 2658,0 KJ per minute
= L4.3 KJ per second
= Lh4.3 KW
= 14 tons
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P

Table 17: Specific Heats of Some Substances

ey

Material Tempggature ;gﬁﬁéfégjﬂeut
Alr 50 S 031
Ammonia (Anlydrbns) O ;.27
Brine (Calcium Chloride) 0 0.91
Glass 3270 "Q.21
Ice d zé.Sh
Ice Cream Mix (12% Fét)-:_ 0 0.75
Milk b-éo 0.935
Steel - 32f  0.15
water : 33;;. 1.29
Apples   0;' 1.03
Eggs .b ; 1,16
Tomatoes 0 1.16

SCURCE: American Society of Refrigerating Engineers,
(1957) “pirconditioning Refrlgerating Data
Book /pplications volume", _



102

From second law of thermodynamics, heat energy

fiows from a hot to a cold body

T, 77 T,

such that whencver a net heat O, = Qg Qr flow into
the engine, a net work Wn is done by the engine., The

first low of thermodynamics requires that wn = G =
Bg = O

where QS = heat supplied to the engine

QR = heat rejected by the engine
+ The efficiency of the engine, whén measured as its
effectiveness in transforming the heat energy

supplied into work energy is given by

Net Work done
Heat Energy Supplied

fl

Efficiency

= ¥n
Vg
= Qg - Q,
Vg
= 1 -
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This means thatlefficiéncy can only be unity
or 100% if zero heat is rejected, that is if Q. is
zero. Sjince in practice Qr must ﬁave a definite
value, then the efficiency must be less than 100%,
This means that it iz not possible to convert all}
the heat energy to work energy.' A heat engine cycle
as illustrated in fig 27 can represent for instance
a steam turbine plant in which case the source is the
combustion chamber of the boiler and the sink is the
cooling water in the condenser. Since the net work
Wn 1s never equal to Qs there is always some heat energy
rejected to the sink. It is also known from
experlence that there will never be any work done
unless there is a temperature difference between
the source and the sink. In other words "wherever
a temperature difference exists, motive power can

be produced",

A refrigeration cycle, as a reversed carnot
heat engine cycle is shown in fig 28, Here heat
_01 is extracted from the cold chamber and heat Qo
is rejected into the warmen surroundings; W is the

;

net work done.
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The processes which comprise the cycle are:
1-2 Adiabatic compression

2=3 Isothermal rejection of heat

3~ Adiabatic expansion

L-1, Isothermal addition of heat,

All the processes in the carnot cycle are thermo-
dynamic 1lly reversible, Processes 1-2 and 3-4 are,
consequently, isentropic, The withdrawal of heat
from the low temperature source in process L-1 is

the refrigeration operation and is the entire purpose

of the eycle.

S.4 Component Specifications
The specification of the components of the

refrigeration system depend on the cooling load

required which as stated before depends on:

y F The production capacity of the factory.

2. The temperature range through which the products
must be received, processed and stored.

3. The amount of chilled water required.

4. The size of the cold room and the ice cream
freezing room,

S. The thermodynamic properties of the refrigerant

used,

With the aid of the pressure~-enthalply diagram,
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\ figs 30 and 31 all the significant quantities necessary
'~ for sizing the components can be determined. These

Quantities arc:

1s The work of compression,

2 The hest rcjection,

3. The refrigerating effect.

. The coefficient of performonce

S. The voilume rote of fiow rer Lon and

6. T™ie pawer por ton.

-
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Already the refrigeration effect (or refrigeration

capacity/required has been determined,

Q = 443 KW (14 tons)
Refrigerant = - Freon - 12 (CCL, Fé)
Dichlorodifluoromethane

Temperature limits:
Condesning temperature of the refrigerant

T = 20%

2
Evaporation temperature (or temperature of

the cold chamber)
o

The work of compression in KJ/kg of refrigerant is

equal to the change in:

1. Enthalpy in process 1-2 of fig 31

where wb = Work of compression

hyy, h, = Enthalpy of the refrigerant at
condensing and evaporation temperature

respectively.

From the proverties of the saturated refrigerants

tables and charts.
h1 = hg at = 18%¢ (evaporation temperature
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RE

We
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ng at 20% (Condensation temperature)
273.3 KJ/kg

69.6 KJ/kg

Refrigeration effect = h1 - hh
work of compression = h, = h1

27303 - 17’408 - 9805 KJ/RS

Weight of refrigerant circulated per ton

wpn. = &gé E%I-l-?- le%-é-}ggrs = 0.03 kg/sec

per ton

Referring to table 5.3, Density of vapour at =18%
= 6,25 kg/m3

Total volume of vapour leaving evaporation

W
) ggi:ity - 5:%5 o 8{2% = 0,005 m3/sec

per ton

For the rated U4.3 KW (14.02 tons)

Mass flow rate = 0,005 x 6.25 x 14.02
= 0,43 kg/sec

Volume flow rate=s 0,005 x 14,02
= 0,0701 m3/sec

Since the plant is a 4}.3 KW refrigerator, the size

of the compressor is such that can handle 0,005

m3/sec per ton,
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i.e. Capacity of compressor
= 0,005 x 14,2
= Q0 007 m3/min

To specify the capacity of the condenser, there is
need to compute the amount of heat q to be dissipated

by the condenser,

Theoretically, the heat dissipated in the condenser

q, is the total of the heat pumped from the evaporator

and the heat of compression,

9 = Wc + RE
where Qs ™ heat dissipated by the condenser

We = heat of compression
RE = refrigeration effect
We = hy, =h, =273.3 - 174.8 = 98.5 KJ/kg
RE = hy =N = 174 .8 - 69,6 = 105.2 KJ/kg

o‘oq = WC 4+ RE
= 98,5 + 105.2 = 203.7 KJ/kg
= 203.7% x 0.43 X&_

sec
» B7.59 KJ/sec
= 8?.6 KW
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5.5 Summary of Specifications of Components

Compressor rating: 0.07 m3/sec
Condenser rating: 87.59 Kw

Evaporator rating: 0.43 kg/sec
Expansion valve: 043 kg/sec

Refrigerant flow rate: 0,43 kg/sec
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CHAPTER SIX

HEATING, VENTILATION AND AIR CONDITIONING

QesiredL_Condition of Spaces

The condition of air in the different spaces in

the dairy industry depend upon the function of the

particular space, Essentially the functional spaces

include:

1.

5e

Yoghurt Quality Control Room - a 3.5m X 6.25 m
room maintained at 45°% and 65% RH.

Laboratories, offices and finished product
stores - a total of 318,75 m2 spaces maintained
at 8-10%c and 75% RH.

Cold Room - a 50cm x 100cm space maintained at
4%,

Tce cream freezing room - a h4m x ém space

maintajned at =20%c,

Processing rooms, packaging rooms, passages,
stores, workshops and spare parts rooms,
boiler and cooling equipment rooms, = maintained

at 20-25%¢c and 75-85% RH.

A total of 1400 m> space maintained at a temperature

range of 20-25%¢c and 75% relative humidity. The

air must be filtered of all dust.



"7

6.2 Cooling Load Estimation

The cooling load is the sum of all the sensible

and latent heat gains, The sources of heat gains

are:

1e
2e
3.
b

Direct radiation from the sun

Infilteration from windows, doors and roofs.
Heat from warm walls and ceilings

Sensible and latent heats from people,

lights, motors, machines and materials,

The design conditions of air are as specified on

section 6,7 and the ambient temperature of Kaduna is
30°% at 75% RH,

From the 1965 ASHRAEguide and Data book we have

the following heat gains calculations:
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Sensible Latent Total

Source Heat Heat Heat
KW KW Kw
Heat gains per occupant 0.2 KW 0.1 KW 10.3 KiJ

Heat gajns from electric
motors - - 0.9 KW

Heat gains from gas burners
in the 1lab, 0.9 KW 0.60 KW 1.5 KW

Heat gains from pies
per metre ~ - 0.03 KV

d

Heat gaihs from
Infiltration (per square
metre) of window or door - - 0,007 Ky

Average Director Solar

radiation and diffuse sky

radiation-and convection

per square metrc of window

or door glass - - - 0,05 K

Table 21¢f Sources of Heat Gains

\
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Heat
Source Gain
KW
Number of occupants = 65 @ 0,3 KW 19.5
Number of motors
(2.7 KW each) = 18 @ 0.9 Kw/motor 16.2
Number of Burners = 4 @ 1,5 KW/Burner 6
Total length of
steam and hot
water pipes = 27m @ 0,03 KW/m 0.8
Total area of
external windows 2 2
and doors = 1.4 m= @ 0,05 KW/m 0,72
TOTAL 43.23
Table 22: Estimation of Cooling Load
Hence Cooling Load - Q = 43,23 KW
6.3 Determination of the Mass Flow Rate
of Chlillcd Water (Kg/hour) required
To Maintain the Air & ¢ Desircd
Condltions
let m = mass flow rate of chilled water in
kg /hour

Initial temperature of the chilled water = 4%
Pin=7 timpcrature of the chilled water after cooling

the air = 8%,
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The specific hent capacity of water at (-=100%)

S = 1.289 KJ/kg“c

Now the chilled water in order to cool the air
the desired condition must remove heat Q,

equivalent to the cooling load, Q = 43.23 KW

The heat absorbed by the chilled water is given
by:
t t
Q =ms ( final - initial) = mst

where (¢ = quantity of heat removed by the chilled

water in KW

M = mass flow rate of the chilled water in

kg/hour

t = (t £inal - Tinitial) = difference between

the initial temperature of the chilled
water, and its temperature after
removing quantity of heat

Q@ = L3.3 KW

i.ee t = Toinal - Yinitial = 8% - 4%
= hoc
- aQ = mx‘1.289xh-h3.2KW

. . m - 02 = 8.-‘! kﬂf.‘-!ec
. X
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i.e. Mass flow rate of chilled water
= 8.3 kg/sec or 4,98 kg/min
Hence the volume flow rate = 29880 litre/hour

6.4 Determination of Chilled Water - g
Capacity and the (hilled water S
Pump Capacity - i,

6.4,1 Tank Capacity o - o i ﬁ”

The chillied water tank should hold sufficient
quantity of chilled water to last for at least 12

hours,

Hence volume of the tank

29880 litres
our

v

x 12 hours

358560 litres or (3586 m3)

il

For convenience of observation and routine servicing
of the evaporator and the ceiling height of the
building, the depth of the tank should not exceed

(H = 4m),

L

o » Cross sectional Area of the tank

A =LxXB-= V 5
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it

Area of cross section of the tank (mz)

where Length of tank in m

Breadth of tank in m

A
L
B
H = Helzht or depth in m . E
v

"

For a sgoure cross section

L = B = 906 = S46 m

61«2 Capacity of the chilled Water Pump Pc

The capacity of the pump is function dependent,
Hence the pump is required to pump 8.3 litre of
chilled water per sec and thercfore capacity of

pump is Pc = 6,3 litre/sec

.°» centrifugal pump of capacity 8.3 litre/sec is

recommended.

6.5 Design of Stirrer for the Chilled Water Tank

In order to maintain uniform temperature in the
chilled water tonk, and to aveid formation of ice
in the upper or ony section of the tank, it is
necessary that the water is continuously being
stirred in such a manner that each molecule of
water in contact with the evaporator of the

refrigeration system moves away to the opposite
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end of the tank ond back again to the evaporator in
every one hour, Tperefore the stirrer must be
capable of causing 358560 kg of water to be

displaced through the perimeter of the tank (perimeter
of tank = 37.8hm) . That is the power rating of the

electric motor of the stirrer will be:

P. = 298560 x 37,8 watt = 3.77 K
a 60 x 60

"Hﬁtor‘
'[’_ Cpo b(‘k'

/ et

Main shatb.

O . —fvot bearing

e e .
e e e e = -
e e

Fipg 32: Chilled Water Tonk Stirring System
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6.6 Component Specifications of the Airconditioning System

The design out-door temperature in Kaduna is 30°c
and the mininum desired comfort airconditicned air

temperature in the factory is 8%.

Detailed estimation of the spaces, and therefore
volume of air required per hour to maintain the desired
conditions as given in section 6,1 and subsequently,

the cooling load has been determined to be:

Q = WeRe IR T
The recommonded refrigerant is freon 12 (CCLZFé)
Dichlorodifluoromethanc. e
Now with The ald of the pressure-enthalpy ﬁiégram
fig 31, all the significant quantities necessary to
size the components of the airconditioning system can
be determined, The guantities are: |
Te the work of compression
2. the heat rejection
3. the cooling lcad Q
L. the ccefficient of performancé
5. the volume rate of ~ flow per ton; and

6. the power per ton.

Already the cooling load (@ = L43.2 KW) is known.

And condensing temperature of the refrigerant (22 = 2000)
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is also known, It is desired to maintain the
evaporator temperature at (T, = 0%) to effectively

chill the water to the desired L°c.

The work of compression in KJ/kg of refrigerant
is equal to the change in enthalpy in process 1=2

of fig 31.

16 Wc = h2 - h1 = Work of compression

h, and h, = Enthalpy of the refrigerant at

i
condensing and evapcration temperatures
respectively. See fig 31.

From the properties of the saturated refrigerants,

tables and charts (see table 18 and fig 31)

1 hg at 0°c (evaporation temperature)

249.h KJ/kg

h

hg at 20% (ccndensation temperature)

By

275.5 KJ/kg

... wc » 27505 e 2’49.’4 = 26.1 KJ/Rg

2. Refrigeration effect (RE) = h, - hh
= 249.4 - 69,6 = 179.8 KJ/kg

Weight of refrigerant circulated per ton

Wh - aﬁ;é. i %?%28 = 0,02 kg/sec

= 1,2 kg/min
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Referring to the tables:
Density of the refrigerant vapour at 0%
= 11.8 kg/m>

« « Total volume of vapour leaving evaporator

W

Mass R 0,02
" Pemsity - 1T8 =~ TI® m3/sec per ton

= 0,1 m3/min per ton

o*e for the rated capacity of 43.2 x 0,3165 tons
volume flow rate = 0,1 x 13.67
= 1,39 m3/min
Mass flow rate = 1.39 x 11.8
e’'e Capacity of compressor = 1,39 m3/min

3. To specify the capacity of the condenser, there

is need to compute the amount of heat q . dissipated by
the condenser, Theoretically, the heat dissipated in

the cordanser % is the total of the heat pumped

from the evaporator and the heat of compression.

That is 2 = Wc + RE

where q, = heat dissipated by the condenser
We = Work or (heat) of compression
RE = Refrigeration effect

o’ q, = 26.1 + 179.8 = 205 KJ/kg

= 205 KJ x 16 .LI. K
)73 Efn

= 56,28 Kw
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6.7 Summary of Specifications of Components

Compresscr rating = 1,39 m3/min
Condenser rating = 56,28 KW

Evaporator capacity= 16,42 kg/min
Expansion valve capacity = 16.42 kg/min
Refrigerant flow rate = 16.4 kg/min
Chilled water tank capacity = 8.3 litre/sec
Chilled water tank capacity = 358.6 m>
Chilled water pump capacity = 8.3 litre/sec
Power rating of the electric motor driving

stirrer of the chilled water tank = 3,77 KW

6.8 Distribution of Alr

The most economical method to satisfy the
different condition of air requirement of the various
spaces is to centrally circulate filtered air at
20-25%¢ and 65% RH to all parts of the factory and
to heat or cool as the case may be at particular
spaces, This is best achieved by the means of
Ducts and fans, Hence the first phase of this
design shall commence with the determination of the
specifications of the Ducts and fans after the distri-
bution pattern has been fixed, The air distribution

pattern is worked out as shown in figure 33.



A The air distritution pattern is worked out

shown in

figure 33 below:

Fig' g_}_:
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Note that the cold store and the ice cream
freezing room have been excluded from supply from this
central distribution because they are maintained at
sub~-zero temperatures and therefore require heavy
refrigeration: they are already covered in Chapter

Five,

6.9 Designing Duct Work(Using Velocity Method)

Three methods are widely used in designing
duct work:
14 Velocity
2. Equal friction
3. Static regain

The choice of design method depends almost
entirely upon the size of the duct arrangement,
Small duct systems are commonly designed by the
velocity method., Large high pressure systems are
most frequently designed by the static regain method.
Duct arrangements between these two extremes are
nearly always laid out by the equal friction.
Sometimes a duct arrangement will be designed by a
combination of two methods. For instance, the
trunk duct will be laid out by the static regain
method and the branch ducts system designed by the
equal friction method,
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6.9.1 Velocity Method

In the velocity method, a velceity is
arbitrarily assigned to each section of the
ductwork. The velocity is highest at the fer cutlet
and is reduced as various branches are taken off the
main duct, The velocity will be lowest at the end of
the duct since the air guantity for each section of
the duct is already known, assuming the velocity
permits the arca to be calculated. Taking the duct
size of each section to the friction chart, along
with the air quantity, the unit friction is read
The term "unit friction" means the friction loss per
(30m) of equivalent length., The total friction is then
found by adding friction losses of individual sections

making up the longest equivalent length.

To analyse the duct system, we write the air
guantity on each section starting from the last
ceiling Diffuser (14). Hence section y carries
0.95 mB/min section u 1.53 m%/min and section v 1.53 m3/
min, Section T must carry the sum of outlets (L),
(13), and (14) or 3.99 mB/min. Section D must carry
sum of sections E and R or 14.5 m3/min. And section
A carries the sum of sections D, B and € is equal to
16.2] m3/min. Table 23 is a guide for selecting
appropriate velocities of air at various sections

of the duct.,
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Designation. etocitios.
m/min
Outdoor air intakes o | ' Ii15301
Filters | . | . . .'I”jO.S:_
Heating coils - o 18.0
Cooling coils | R 18.0
Air washers a ) h | 15.0
Fan outlets ...i‘ | | | : ha.b - 72,0
Main Dyets I | _  | | 36,0 - 84,0
Branch Ducts o o = : 2 .0 -‘30.0
Branch risers i. "f.'1 l. o '. 24,0

Table 22: Recommended Dugt Veleeities of the air
Conditioning System taken from 1965
ASHRAE Guide and Data Book

~ Hence a velocity of 78 m/min can be assumed for
seetion A and then reduced to 72m/min for section D

aﬂf.3ﬂ-m¥min.£er Scetign € end 2 m/min for Section Y,
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£.9.2 aArea of Sections

The area of any particular section can be

calculated from:

Q = AV

5
o
s
D
o
14

Alr quaﬁtity, mB/min

A = Cross sectional area of duct in m2

<
H

Velocity of air in m/min

Selving this equaticn for area
Q
v

For Section A,

A

a =102 o 021 0

For Secection D L  ' S
AD = l%éé = 6;20 m2 '
For Section T o |

Ay = 2529 0.133 m°

For Section Y

Ay = Qégég = 0,04 m?

Hence the diameter of the seetions ean be determined

2
using the formular A = Y1d

or d = .vrt:g"
V'
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Therefore, for Section A

For Section D

For Section T

ap = JBLI.;AE = 0.4 Im

For_§ection Y

4, = JILETI = 0.23n

T
- i ; Air Delivery
8éction Capacity §1§ Arcaiof Dlamgter at the Ceiling
m> /min elocity Section of the Diffusers
m/min m2 Seo*tion 3
m m~/min
A 16.42 78 0.21 0.52m -
D 14.5 72 0,20 0.50m -
T 4,00 30 0.133 O.41m -
Y 0.96 2l 0.0  0.23m 0.95
G,J,0,
PR X - - - 0.764
B,C,F,
M,Y - - - 0095
K,Q,S,
u,v

- - - 1.52

- - o — - - —

Table 23: Summary of Duct Specifications (See fig 2.



6.10 Equivalent Rectangular Duct

Generally ducts are of rectangular cross-section
and it is not feasible to design the ducts in
circular sections,

1965 ASRAE Guide and Data Book given equation

for circular equivalent of a2 rectangular duct as:

o —— ey S

d_ = 1,30(=b \/ (ab)®
c v g = 1.30
! \/ (a + b)2

where a = length of one side of rectangular duct
in inches (converted)
b = length of adjacent side of rectangular
duct inches
dc = circular equivalent of 2 rcctangular
duct for equal friction and capacity

in inches{

The process 1is shorter if the Ductulator or the

tables are used,

Hque for ggction A

d = 0,52m = 1,30 inches

. e o e A e
f
o= 130 = 1.30\3;_@2
/ (a + b)2

Ior 3quare section a = b
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dec

a

de
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/ 10
hence d = 1.3 “f & . \.6/ 8
c / = 1.3 a
L (2a)
= 1.3 a
/& = 13a
a="bs= de x 1,189 _ _dc
Ta3 0.91%5
= 0.52m; d¢ = 0,50m; dc = O.41m;
= 0,23m; a = 0,5685m; a = 0,5469m; 9 = O
= 0.4483m; a = 0,2515; if a = 0,75b
- 2 /
:‘ C.:;

a + a )2

- 1.30/& )2
.75

W(n?sa 5

577;—)
1o

- 1_3\%% x_14,2139917
a® x S.ulhl

= 1.3 \y 0.773998 a°




1.3 x 0,96848y a = 1,259 a

or a = dc

T.259~

Hence for dc = 0.52m

a = 0,52

: 0.413m
and b = U?‘q?; = 0, 1- o
For Section D
de = 0,50
a = 0: = 0.397u
and b = 9-:% = 0,5.95m
For Section T
dec = O.L'.‘}m
b = 0,3257 SR

Un!/

0.55m

136



For Section Y

1

dc = 0.23m o
a = 0.23 - .
= 0.182 oo '
o759 me

» . :;!

6,11 summary of Equivalent Recténguiar.Dﬁétl

Equivalent Equivalent Equivalent Rectangular

Circular  Square Duct Dimensions
Section Duct Duct Length width
Dimension Dimension {(b) (a) m
(de)m (a2) m
A 0.52m 0.5685 _ 0.55 0,113
D 0.50m 0.5467 00,5295 0,397
T 0.41m 0.4483 - 0.43y2 0,3257
Y 0.23m 0.2515 0.2 36 0.1827

6.12 Fan Size and Duct Layout

Since all the air in the system must pass through
section A, and infact the sum total of the air flow in
the different sections of the system equals the air flow
rate at Section A, the size of the fan depends upon the
air flow rate at Section A. Hence the fan must be

such that can handle 580 cubic feet of air per minute,
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6.13 Distributing Cooling and Heating Media

Each coil, washer, or heat exchanger in this
system must have an arrangement of piping that will
convey the ccoling or heating fluid from it to the

boiller or boiler and back again,

In this system water is used, d the arrangement
takes the form of supply and return water piping along
with the pumps to circulate the water through the

nining and other enuipment.

Water piping arrangements, for heating and cooling

can be divided into four general clasgifications:

1e One~pie arrangement
2. Two=-pipe arrangement
3. Three-pipe arrangement

4. Four=-pipe arrangement

The first two are arranged so that either hot or cold
water cnan be ~irc.lated through the piping. However,
when hot water is being circulated in one-pipe and two=-
pipe arrangements, only hot water is available to each
coild connected to that circuit. Conversely, when

~01d water is being circulated, only cold water is

available to each coil,

The three-pipe arrangement has two supply pipes

and one return pipe connected to each coild, One supply
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pipe carries hot water; the other supply pipe carries
cold water. The return pipe carries a mixture of hot
and cold water back to the chilling or heating
equipment where it is diverted to the chiller or

heater, depending on its temperature.

The four-pipe arrangement is actually two,
two=-pipe arrangements. One of the twe supply pipes
carries cold water; and the other supply pipe carries
hot water, to the coils connected to the circuit.
There are also two return lines connected to each coil -
one return carries the hot water tank back to the
beiler or heat exchanger, and the other carries the
cold water back to the chiller, Thus, hot and cold

water do not mix.

This work employs the four-pipe arrangement in
order to achieve the desired flexibility required
to satisfy the varying heating and cooling requirements
of the various spaces in the dairy plent., Fig 3|

shows four=pipe distribution with two coils,
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3.
L
5.
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7

8.

104
1,
12,
13.
U

W01

Key to Fig 3l

Heating coils

Cooling coils

Chiller

Pump

Header

Chilled water circulation pump
& (9.) Pressure relief valves (for hot and
cold lines respectively).

Hot water circulation pump
Heat exchanger

Cold supply line

Hot supply line

Warm water return line

Cold water return line
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CHAPTER SEVEN
THERMAL INSULATIONS

T«1 Need for Thermal Insulations

In order to minimize heat losses and heat gains
in the thermal system, it is necessary to insulate

the system. To accomplish this, the system is
lagged.

To be lagged are:

1. The cold room, maintained at =-4°c.

2. The freezing room maintained at -28°c,
3, The steam pipes

L. The boilers

5. The Hot water pipes

6. The chilled water pipes

7. The air Ducts

A heat insulating material will be a material
which has a low thermal conductivity (or high thermal
resistivity). Apart from its heat resisting properties
it must also be able to withstand high or low
temperatures. It must be relatively easy to apply,
it should have a long life, be able to stand up to a
moderate degree of rough handling and its costs should
not b e excessive. A further derirable property is
that there should be no fire risk, The American

Society of Heating, Refrigeration and Airconditioning
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Engineers recommended the following materials as

good insulators:

1. Asbestos (K = 0.167 KJ/(hr)(m)°c

24 Diatomaceous earth, carth, earth formed by
dead water plants called diatons (k = 0,3654
KJ/(hr) m °c

3. Glass and rock wool (fribre glass), formed
by making wool of the fine fibres made from
silica minerals (k=0,0L6)

L. Magnesium carbonate k = 0,385

5. Cork (k = 0.0L8)

6. Expanded polystyrene (k = 0,0L).

These insulating materials, and others, generally
owe their low thermal conductivities to their cellular
structure. Such that air is locked in their cellular
structures and hence the property of the materials as
thermal insulators really belongs to their static air

content rather than the material itself,

Based on the lowest conductivities. Expanded
Polystyrene (k=0.04), fibre glass (0.046), cork (k=0,048)
and Asbestos (k=0,167) are considered for selection,

But viewed along with fire resistance properties.

Fibre glass and Asbestos top the list., Fibre glass
can be applied with so much ease to any structure and

can withstand rough handling to a good extent,
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Hence fibre glass is chosen as the insulating
material in this project,

7.2 Calculation of Optimal Thickness
ol Insulalion orf the Gold Ruom

Minimum inside temperature (T,) = ~1,%
Maximum outside tempcrature (Tz) = 30% -

Laging material = Fibre glass

Let = Optimal thickness of the insulating matcrial,
‘sven rbat the heat flow per unit area q , "across

the outer boundary cof the insulator is minimum,

T ——

& N
¥ R
/ﬂ/

-

T/
h""?k. :// 2
T.. 30% -4

-

k=604 K3/t m ¢

a = KA (T, = T,) = 7.1
vhere q = heat flou across the insulation
k a conductivity of insulation
Ty T1 are outside and inside temperatures

thickness of the insulator

n
s

But for the pipes, polystyrene is considercd pood
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for the reason of cost, The insulation of the
pipes are as shown in figures 35, 36 and 37.

The American Society of Heating, Refrigerating
and Airconditioning Engineers considers heat
flow rate of 1 to 21 KJ/hour as permissible in a

good insulation,

This project aims to achieve heat loss rate

of around 10 to 15KJ/hour,

Hence puting q = 10
and A = 1

-, 0,046 o i O
Kﬁ_(%'.a ) ou;a% (=4°c)

Ly em

and puting = 15

= 0.046 x (30-(-L)
15

= 2.90!’(1

7.3 Calculation of Optimal Thickness of
«lation or the Ice cream freezing Room

Minimum inside temperature (T1) = -28%
Maximum outside temperature (Tz) = 30°c

from equation

= KA (T, = T,)
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where q = rate of heat flow across to the
insulation

k = conductivity of insulation

Tyy Ty = QOutside and inside temperatures
respectively
= thickness of the insulation

Puting q 10

and A = 1
10

= 0.046 x 1 x (30-(=28)
10

= 7.5 cm

And puting q = 15

0,046 x 1 x (30 = (=-28))
(-

= Scm

7.5 Pipe Insulation are as shown in figures 36,
37 ’ and 38
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two types:

8.7, Twg Position Control

Try o it
TR s AT

“|* . cold bumid days of the year reheat may be required,

“e Therefore, a reheat coil must be placed along with the

cooling in the air stream or the system will not be

able to maintain the conditions desired.

Just as the components of an airconditicning

! system must be properly arranged, so must each
ii-component be selected so that the capdéity“can be

ff“varied to meet the variable room load.

Basically, capacity cointrol can be divided into
1. ‘Twe position; and

2, Modulating

Two position capacity control means that either

full capacity of the component is avajlable, or no

'capacity is sveiloble. A coil may be producing full

capacity or no capacity. A pump may be running or
not. A damper wmay be fully or open or fully closed,
6ompressor running or stopped, o fan circulating the

full gquantity of air or fully stopped.

8.1.2 Modulating Cavacitv Control | i

| Modulating capacity contr.l ~fmifiasg that the | ..'%
equipment can be producing capacities between full !
capancity and no copacity. either at several points

or an infinitc number of points, '}
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To obtain better control on the central fan
arrangements, bypass dampers and face dampers
have been employed, See figure 8.1. A two
position thermostat shuts the dampers during minimum
temperatures and opens them when the temperatures

reach maximum values.

8.1.3 Humidity Control

To maintajn a desired humidity in the conditioned
space, the proper rate of flow of air should enter the
space with a condition on the load-ratio line,

Problems of high-moisture loads may be handled by:

1. decreasing the evaporating temperature,
2., using reheat, and

3. using face-and-bypass canpers.

Decreasing the evaporating temperature of a
coil will lower the sensible=heat factor of the
coil. In fig 8.4 the load ratio is not satisfied
by the coil with condition curve 1 because the
condition curve does not intersect the load-ratio
line. By lowering the refrigerant temperature
and shifting the coil condition curve to 2, an
intersection with the load-ratio line is achieved
at point Y, The big problem however is how can
severe latent loads be handled if the load-ratio
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Fig _lp: Using Reheat to Satisfy a Heavy Latent Load
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Fig h2(a): Face-and-Bypass Dampers
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line does not intersect the saturation line? 1In
fig 41 the lond rntio line is so steep that it is
not intersected by the coil condition curve,
Regardless of how low the evaporating temperature
is reduced, no intersection occurs. This dilemma
can be solved by reheating the air, process ab,

after it leaves the cooling coil,

The third scheme for adjusting the humidity
is to use face and bypass dampers, Fig 43a shows
the equipment ond fig 42b the poinfs on the
psychrometric chart, For example to satisfy the
sensible heat requirement of the laboratory. We see
that a flow of 0.95 m/min must enter the conditioned
space at temperature of t, = 10% and 65% RH as
shown in fig 33 and L42b. The air could be sent
through a coil and cooled to point b on coil condition
curve abc. To achieve a greater removal of moisture,
cool only a portion of the air to point d and mix
it with bypass nir at conditicn a coil condition curve
ad is as at lower temperatures than abc because of
the reduced air flow, The result of the mixing is

point ¢ at temperature t but with a lower humidity

y"
ratio than point b.
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8.1.4 Temperature Control

Various methods are available to control the
temperature in the conditioned space., In this
project for instance chilled water is used, hence
to control the temperature, the quantity of chilled
water can be recduced or its temperature can be
increased whern the temperature in the conditioned
space drops below the contreol setting. Wpen
using a direct - expansion coil, the compressor can
be stopped, the flow of liquid refrigerant interrupted,
or the suction vapour throttled when the temperature
in the conditioned space drops too low, As indicated
in fig 33 and the control system in this project
must allow individunl temperature control in several
zones, This is o case of multi-zone control unit
in which both hecting and coecling coils are in use,

A pair of dampers for each zone regulates the
proportions of warm and cool nir to maintain the

proper tempernture in that zone (see fig 33).

8.2 Control of the Water_ Supply System

Automatic control of the water supply is by the
use of Hydrofor, See fig (7). When maximum pressure
is attained in the supply line, the hydrofor switches
off the electric motor driving the submersible pump,
Also when the pressure drops to the minimum due to

much consumption of the water, the hydrofor switches
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on the submersible pump. By this means the control
is automatic. The non-return valve ensures no back

flow of water in the supply line,

8.3 Control of tli Disinfection System

The schei'« of chlorine disinfection, discussed
in Chapter Three is as shown in fig 8, the basic m
unit is arranced for manual adjustment of the gas feed
rate to the rc-uirod volue, But automatic stop/start
control is simply cchieved by the cinclusion in the
water supply line tn the injector of 2 valve cperated
in conjunction /ith the m=2in pump., Det2ils are shown

in fig- h3.
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Fig 43: D.P. - Diffcrential Pressure, C.V.V.
Const-nt Vacuum Valve S.V. « Solenoid Velve
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CHAPTER NINE
CONCLUSION AND RECOMMENDATIONS

Engineering services are a major and integral
aspect of the building system as a whole, and as such,
present the kind of challenge which makes design the
most exciting nctivity to which man can aspire,

As with all desigmm endeavour, the need is to be

systemic, systematic and immaginative.

This work concentrated on the design of water
supply, sewaze disposal, refrigeration and =2ir condition
systems in the btuilding. This by no means exhausted
the services system in the building, but for a dairy
plant these constituted the most essential services

for the industrisl processes involved,

For efficicnt construction of the system, the

following recommendations are made:

1. All the specifications made as to the size

and capacities of the various equipments
and components are based on theoretical computations
It is therefore necessary in practice to incorporate

into the these specifications certain factors:

(a) In selecting the pumps, the right capacity
should be the theoretical capacity plus head
losses in the pipes. Since head losses depend

on 1/d and L, losses are reduced by having
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short runs of large diameter pipe with low
velocity flow. Also from Bernoullits
principle, the lower the destination poin

Z5> in relation to the height of the source Zq
the lower the losses. Losses can further be
reduced by keeping bends and sudden enlarge-

ments and ccentractions in the pripe tu 2 minimum,

In specif?ing the air flow for the air
conditioning system, the bypass factor should

be incorporated., As air passes through a coil

a portion is coQled to the surface temnerature of
the coil and the rest flows through the coil
unaffected, The ailr subsequently mixes, The
bypass factor is the x term in the following

equations.,

b, =t (%) + b, (1 %)
W, = Wy (x) + Ws (1-x)

where subscript 1 refers to entering conditions of the

air, subscript 2 to leaving conditions, and subscript

5 to coil surface conditions, If the cooling coil

is a multitube system, then the bypass factor for

the rows of the tubes will be derived as foliows:

It t3 is the outlet temperature from the second

row of tubes

t

3 = X
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substituting the value of t, from eqi (9.1)

ty = X, (t, (X;) + tg (1 =-X%X,) + tg (1 = X,)

= () X7 4 t (1 - )

or the Bypass foctor (BPF) for two rows,

Xp = (%)

and for n rows of tubes

X, = (x)"

1f for example the BPF for one row of tubes is 0,67,

BPF for 2 rows = (0.67)2 0.45

BPF for i rows = (Cl...ﬁ'?)!4 = 0,20

BPF for & rows = (0.67)8 0,04 or nearly zero,

This work therefore recommends that the cooling coil

should be composed of at least 8 rows of tubes,

There is the need for a stiff legislation to
ensure environmental sanitation in all the dairy plants.
Most industries dump industrial waste products into
streams and rivers thus polluting drinking water for
the neighbouring community. The Federal Government
should promulgate a decree on environmental sanitation

as well as improved efficient milking techniques,
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The procedureg involved in proper milking shall

form part of the supervisory functions of the Food
and Prug Administration Division of the Federal
Ministry of liealth, Since Modern milking

facilities are relatively expensive, local
industrieé should as a matter of compulsicn
establish these faclilities at strategic locations in
their catchment areas. This done, local dairy
farmers will bhe encouraged to bring their milk

for sale to feed the dairy plants thereby minimizing
the amount of waste experienced in Nigeria today due
to milks perishability and lack of suitable storage

facilities on the part of the local dairy farmers,
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QUSSTIONNAIRE

.0V NAME AND ADDRESS:

N - - ——

Te

7

"hat is your product line

— - o

‘hat are the raw materials

i

How are they orocured

)
b) What is the optimal storage condition i,e,
at what temperatures can these materials
stored to remain good

Fan B
o

'mat is your production capacity

hat percent of your product is water

Details of the production precess

That is your source of water supply

(2) If source is borehole what is your pumping
head

(b) Do you have water treatment scheme

(c) what is the method

Do you have problems with your pipeline Hot or
Cold system

——

(2) Rusting L
(b) Pipe blocking_
(¢) Product contamination
(d) Others {(indicate)

‘hat is the capacity of your water reservoir, How
is the pumping station controlled
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Tl
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13.

ﬂ_‘,.

15.

16,

17.
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"hat is the capacity of your boiler

'low is hot water distributed and controlled?

B e

"hat is the cleaning procedure for:
(2) Floor and external parts of machines

—— . . & %

- - S

(b) Internsl parts of pipes and heat exchanges

—— . -

What is your total electric power demand

What is the capacity of your standby generator

What is your method of refrigeration

(a) what is your total cooling load requirement

(b) And what is the actual capacity

e

Which different sections of the factory are
refrigerated (To what temperatures)

Do you use central refrigeration system for all
these section

How is the system controlled

What sections of the factory are airconditioned?

(a) What is the cooling load cepacity
(b) Is this adequate
(c) What do you consider ocptimal capacity
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19.

20,
21,
22.

23,

Zho
25.

26,

27

28.
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Do you use a central system of airconditioning?
How is the system controlled

How are other spaces ventilated

What is the fan duty (Vol. of air/min)

How do you dispose of so0lid wastes

How do you dispose of liquid wastes

Location of drainage points and manhocles

Storm drainage

A1l liquid wastes drainage system

Factory wastes

Urinals
w.Cs
Showers

Sewers system (size of the pipes)
Grandient of pipes and optimum flow rate

Sewage treatment Plant (Type and capacity

Is this adequate

What is the optimal capacity

wWhat is your staff strength
(a) Administrative staff
(b) Factory staff (number in each section)




