Chapter 5

Alr Handling Unit (AHU) Detall Design

The concept design referred as “Concept 4" is selected as the master
concept design for Air Handling Unit (AHU) design improvement. To get the final design
of AHU, the concept design is disassembled to the small section of parts. The researcher
and researcher and design team are focus on the system equipment selection for each
section. The technical background is presented as the technology references for each
equipment selection.

Only the frequently. used AHU's parte/equiipment is focused for detail design,
because there are wide ranges of parte/equipment that can be equipped into the AHU but
only limited number of part'is suitablé io the customer demands. The further discussion of
the focused parts/equipment is inthe section 5.1.

51 Focus EquipmentModule & Unit Size
The researcher and design team will focus only on the key components since

they play major role on the parfarmance of the AHU. This Air Handling Unit (AHU) design
improvement will focus on following equipment selsction:

v Structure ¥ Chilled Water Coils v Filters

v Wall Panel v Drain-pan v Mixing Box and
Dampers

v Floor Panel v" Fan and Drives

Those key equipment modules are commonly used I all industries.

51.1 Moduie Sizing

The AirHandling bnit fAHUY renges,are,commonly divided by cooling/heating
capacity or air volume..Thailand HVAC industries are using two measuring standard, the
impenial Unit (I-P) and the System Intemational of Units (S1). For this desigh/improvement
the dimensions of the ‘design product will be 'shown oniy in Shunit.

For the modularity design, the unit size is referred as the “Module” or
represented by the alphabet “M". Each module shall be in square cube shape which
dimensions are equal to the intemal dimension unit (Height x Width x Length) of the Air
Handling Unit (AHU), which is 306 mm.

Air Handiing Unit (AHU) sizing is identified by number of modules in the
height and width of the module cross-section. For example: the Concept-4 size 3x6 is the
3-module height and 6-module width in the cross section dimension.
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At this step the researcher and design team need to identify the ranges of the
Air Handling Unit (AHU) that will be used on the design. The capacity of the AHU
depends on various factors i.e. the size of the cail, the air velocity through the coil, fan
sizes, and water flow rate. From the industry practice the general ranges of the AHU are
from 1,000 to 76,000 m*h (600-45,000 CFM (f/m)). For the larger AHU capacity over
76,000 m*h (45,000 CFM (f/m)) shall be considered the special order module and will
not be considered in the module sizing for this study.

In developing the ranges of the AHU for commercially production, economical
point of view is also another factor that is taken for consideration. The Air Handling Unit
(AHU) ranging has to consider from two aspects, engineering and economical.

From the engineering aspect and the historic records of AHU design of
reference company in the past, following design limitations are taken for consideration:

v The maximum-length of one sheet metal work is limit to 10 feet or
maximum of S8.modules.

v The limitations of the old AHU structurs in case of using the old structure
as the part.of the design are as follow:

For module width' less than three (3) modules the maximum
continuous module length is limited to nine (8) modules

For module width from four (4) te six (6) modules, the maximum
continuous module length is litnited to eight (8) modules

For module width over six (6) modules, the maximum continuous
module length is limited to seven (7) moduiles.

¥ The maximum height of unit is 8 ft. (7 modules) due to the iimitation of
transportation.

v For serviceability point of view, the maximum module width relative to
module height is equal‘to module height x2 + 1

From the study of the economical cost of construction,
researcher and.design team found that capacity/cost of construction factor
ratio can indicate the economic cost of construction. Old model of AHU is
used because of the historic records of cost construction. The result of the
27 models economic cost calculation, which is based on standard
configuration of; Forward Curve Centrifugal Fan + 4 Row full-face Chilled
water Coil + Aluminum Pre-filter + 2 way Mixing Box, is shown in table 5.1.
The data in the table 5.1 is plotted for graphical comparison of the
Capacity/Cost Ratio in the Figure 5.1. From the assessment and
comparison of the calculated data, researcher and design team found that
unit with module width higher than the module height x 2+1 have lower
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Capacity/Cost ratio than other unit size that deliver same range of
capacity. The lower Capacity/Cost ratio means that at the same output of
air volume, the AHU that have low Capacity/Cost ratio is more expensive
than the AHU that has high Capacity/Cost ratio.
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5.1, the aroi & paif of the unit size that have the same capacity
but diffe ‘ ; e
ratio equaldo 20.5 a/ihe AHU size 34 e the ratio equal to 35.7.
Both AHU ha apacity of 6,000.CFM 2 AHU size 3x4 is selected
for manufacttiri

| génstruction ratio shall be one of the
reasons that medg@f Is€ 3 iollow production knowledge base of

Ta_verify the unit sizing ranges, focused brand sizing ranges
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with the minimum module size is 2x2 and the maximum size is 7x8. The
sizing ranges are presented in the figure 5.2
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Figure 5.2: The Concspt-4 8izing Range

Figure 5.2 illustrates the cross-saction dimerision of the AHU, the vertical axis
represented the module height,/and the horizontal axis represented the module width. All
dimensions are show in number of modules.

The AHU unit ranges will be set as the references; the detail design on parts
will not effect any change on this modular sizing.
52 The Air Handling Unit (AHU} direction designation

For further design of the Air Handling Unit (AMHU) the Right Side and Left Side

designation must be clanfied:-The Right-and-teft-are indicated by looking toward the
airflow stream of the supply air as shown in figure 5.3

Left Right

Air fiow
Diract

Figure 5.3:Left-Right Designation

Figure 5.3 illustrates the unit designation of AHU, the amrow shown the
reference direction of the airflow.



5.3 Main Structure of “Concept4’
The structure of the Concept-4 should have following features:
v Knock-Down Capability
v Modularized (AHU is able to consist of several modular unit)
v Be able to withstand the load of the higher level stack unit

v Be able to Withstand tha additional load of 5 working person on the roof
top (approximate 400 kg)

5.3.1 Technical Background

For designing steel structura researcher and design team needs to have
references for design verification. The important technical issues that the researcher and
design team must use as thereferencs:

v" The Reference Industriat Standards

The standard for the construction material such as ASTM, JIS, DIN, BS
standard that related to the sheet metal property and design guideline are referred.

v Material Physical Property from the matenal supplier

Galvanized sheet metal i§ the major parts of the construction, the actual
material property that available in the market will ease the designer in calculating the
strength of the structures. Actual material properties.aliow-tha-design to be more accurate
and reduce the chances of design error that caused from using the general published
material property table. |

v Limitation of the- manufacturing tools

The manufacturing-capability of the current manufacturing facility is one major
point that needs to concemn, not only oncthe structure design but aiso include to other
parts and-equipment design. The designer must be awared of the current,manufacturing
process to.ensure that the designed product can manufacture as design. The design
changes made at the manufacturing are costly and must be avoided.

5.3.2 Modular Section of AHU

The “Concept 4" AHU have three dimension modular structure. The AHU
modular dimension is ranged from 1 to 8 modules. So the dimension of structure and
panel is 1 moduie minimum and 9 modules maximum. AHU components can be put into
a single section of modular structure or can be divided into multiple modular section and
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assembled at site to complete the system. This feature is also called the section
modularity.

5.3.3 Comer Piece

The corner piece is designed that based on the sheet metal process for cost
saving in the small volume production. The sheet metal used is 3 mm thick for tough

construction. The sheet metal is cut and pressed to form the flat sheet with dimple guides
as shown in figure 5.4 and 5.5.

Figure 5.4: Flat Plate'©

Figure 5.4 illustrate
on the corner piece are used for the seff
iece is shown in Figure 5.5

7

Figure 5.5: Structure Comer

Figure 5.5 illustrates the completed corner pieces that folded, welded and

color coated. The self-aligning holes will ease the assembly and also provide the
foolproof assembly.
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534 L-shape Equal Leg Structure Post

The frame is made of the folded galvanized steel. Both ends of the steel have
punched-out holes and the pressed dimple guides. Structure Frame dimple-guides and
the Corner Piece dimple-guides have similar dimension. The assembly of the frame to
cormer piece is easy by the aid of dimple-guides on frame and corner piece. The frame is
construct of sheet metal rolled-formed or folded into the L-shape cross-section. The 2mm
thickness steel equal leg profiles have cross section dimensionof S0mmxS0mm
dimension.

.45 ¢

The comer of the profile adge as shown in the figure 5.6

Figure 5.6: Frama Structune E _ = -

Figure 5.6 justrates d of M.ﬁ Both end of the frame
structure are 45 deg . The reason to cut - wee is to make the frame
structure connected to & = gomer pieces and form the
smooth external surface structure. Following figure shows the cross-section
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Figure 5.7 Frame Structure Cross Secfion

Figure 5.7illustrate the cross-section of the L-shape profile, the height of the
L-shape is 50mm and the width of the L-shape profile is 50mm. Variety of lengths are cut
to meet the modularity size. The completed post is shown in figure 5.8
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Figure 5.8 illusirats COr
“Concept 4". The same desigrLi “{/
relation of Number of Mn
used in the design.

es with the same structure
the list of frame length that

Number of (Length), mm
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and dimp!ed for assembly. The galvanized.steel post is color coated withithe epoxy paint
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Figure 5.9: Drawing of the freme struching

Figure 5.9 showsthe drawing of the frame structura in top view, front view,
and side view and isometric view.

The comer pieces of the, ‘Concept 4" is the 3mm thick galvanized steel
drilled, dimple pressed and folded to formed the corer piece as shown in drawing figure
510

Figure 5.10:  Drawing of the “Concept 4” comer pieces

Figure 5.10 illustrates the drawing of the “Concept 4" Comer piece.
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The assembly of the “Concept 4" L-shape steel profile and the corner pieces
is displayed in figure 5.11
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From the figure 5.11 the L-shape- is assembled together by
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Figura 5,12 Complate Assembly of Air Handling Unit {AHL) Structure



The frame structure show in the figure 5.12 is ready for further AHU
assembly. The external surface of the frame structure is insulated by the neoprene sheet
to prevent the thermal insulation and work as the wall and floor panel gasket.

535 Base

Base frame is holding whole unit weight during operation and transportation.
The purpose of the base frame is:

¥v" To elevate the machine from the machine room level, prevent the Air

Handling Unit (AHU) bo{\n"rf ? and for ease of leveling

v To elevate the drﬂ? @ e of the condensation water
k

——'

¥ To support stru [ and the lift hook

The base d 'mh C-Channel with color

coated. The bolt and the frames to each other. The Bolt and
angle connectors provide thedflexibiity and khotk _capability to the base structure.

SONUBWEUIND )
AN URINYIREY

Figure 5.13 C-Frame
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Figure 5.13 illustrate the part of the base frame, the C-profile is assembled
together by welding or by bolts.

This base is the standard Air Handling Unit (AHU) base structure that used by
all brands in the market. Only the color coated is adding to the standard feature for more
durable.

The complete base structure for the prototype unit size 3x3 is shown in figure
5.14

Figure 5.14: Complete Base Frame
54 Wall & Flo6i Panel

Wall Panel and Floor Panel are the key partte make the AHUdesign flexible,
air tight and ¢old bridde free. The aptimum goal of this design task is to/develap the new
concept of) the wall panel, which increases the flexibility of the wall thickness. The

capability of using any kind of insulation material is another benchmark that has to be
accomplished.

Wall and Floor Panel are formed by the "double skin® construction. External
sheet metal and internal sheet metal can be of various materials, inserted with edge
profiles made of color coated dry wood or the reinforced plastic extrude. Edge profiles
serve two functions, firstly they are used to hold the sheet metals and insulation matenal
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together and secondly they are usedto prevent metal contact from internal sheet metal
and external sheet metal.

The closed panel is inserted with the insulation, of any kind that conformed to
the customer specification such as, injected polyurethane 40kg/m®, rockwool, fiberglass or
polystyrene. The cut section of the new design wall panel is display in figure 5.15

Flastic Profile or
Wood Column

External sﬁgt /

%,

Insulation
Material

AL Internal Sheet
—— Metal

a_:: = e

Figure 5.14 Comepr 4 y@’m@f amﬁt@gﬁquﬂemgn

‘ihe focus issue, additional

; D) afe adding to the feature of
the wall and panel. Thajrst generated idea of the concept @:H panel shall be improved to
reduce ccst and increase the ﬂexihility of expanding the wall thickness by stressing on the

R Q{El-llé’m AN % gy e e
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coated with th-e water repellant culur in case of low AHU volume
production and special wall thickness that not meet the standard thickness
of plastic profile i.e. 3 inches or 2.5 inches

¥" The floor panel plastic profile will be inserted with the rectangular pipe or
the c-channel to increase the stiffness. The plastic performance on the
vibration load is not good due to low fatigue resistance. See figure 5.15
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the wall panel is shown.
profile is assembled to thaw
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Figure 5,16 The exploded wew of wall panel, from, front to back: intemal sheet, insulation materal, plastic
profile and external sheet metal shel

Figure 5.16 illustrates the exploded view of the wall panels from the internal
to the external. The plastic frame is inserted into the external shell and then the insulation
is filed and covered by the inner sheet metal. The cut section of the panel is shown in
Figure 5.17
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Figure 5,17 Cut Seq_‘bn Improved Deslgn Wall & Floor Pane!
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Figure 5.17 illus
“Concept 4". The panel'is 1l
shell sheet metal. The

12 cut section of the wall panel and floor panel of the

wﬁh the insulation between the inner sheet and external

icprofile shown in figure is inserted with the C-Channel steel
S/ r . 2

profile to increase strength [/ —= y
64.1 Technical Background of ,aa;lsmrsmm@: the wall panel
Nladid
I ;

Key technica ound {at concerns the design of the wall is the heat
transferred through the wall: The wall st b\gﬂgle to minimize the heat transfer from the
internal surfaces to external Surfaces so that the exteral surface temperature shall not
drop to dew point temperatur;:_‘FE:E shaﬁfeﬂ the extermal skin of AHU from
condensation. The goal of the ﬁémﬁn—ls to, have the overall heat transfer coefficient (U) of

the insulation not to exéeed the 1.4 Wea. m. A withinthe S0r n hickness of the panel.

(v

To calcui;t/é'}he heat transfer rate of the destgné:i\:anel, following equation is
used. -~ -

Ry - Qverallthermal resistance of the panel

= Ri+R,+R,

Ri = Insidé air film theérmal resistance.

R, - Outside air film thermal resistance

R«= Resistance of the construction from inside surface to outside
surface

R = 1/hy

R, = 1/,
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Rw= (Xs/Ke) + (1/C) + (x2ka) + ...

U = 1Ry
hi, ho = Inside and Outside heat transfer coefficient
X3, X2, Xa = Thickness of individual construction material
K, ko, Ky = Material thermal conductivity

c = Air space conductance

U = Overall heat transfer coefficient

5.4.2 Heat Transfer Trough Wall

The overall heat transfer coefficient of the considering wall panel can be
calculated by the following procadure:

Case 1

Wall panel is composed of materials and its thermal property as:

A: 2-mm thick gaivanized sheet steel k=46.7 Wim.K
B: 6-mm neoprene sheetinsulation k=0.036 Wim.k
C: 1-mm thick galvanized sheei sieel: k=46.7 Wim.K
D: 48-mmithick\Wood edge profile-area: k=0115 Wim.K

E: 1-mm thick intemal galvanized sheet stes!. k=46.7 W/ mK

Solution

Ry = Ri+Ry+ Ry

Rw = Ra + (1/C) +Rs + Rc+ Ro+Re
=(0.002/46.7)+(0. 18)+(0.008/).036)+(0.001/46 7)+(0,048/0.11)%,(0.001/48.7)
= .000043 + 16 +.167 + .0000215 + 438 + 0000215
= 0.76 sq.m. KW

R = 0.044 sqm. KW

Ro = 011  sqm. KW

Ry = R+R,+R, = 0.11+0.044+0.76 =0.917 sq.m. KW

U = 1Ry = 1/0.917 = 1.09 Wisq.m. K



Conclugion
The panel design can achieved the U lower than 1.4 Wisq.m. K with the use

of wood which have lower Thermal Resistance, if the plastic profile is used instead the U
will be slightly lower.which can be proved in the following solution:

Case 2

Wall panel is composed of materials and its thermal property as:

A: 2-mm thick galvanized sheet steel k=48.7 Wim.K

B: 6-mm neoprene sheet insuiation k=0.036 Wim.k

C: 1-mm thick galvanized sheet steel: k=46.7 Wim.K

D: 10-mm thickplasticedge profile area: k=0.023 Wim.K

E: 1-mm thickintemal galvanized sheet steel: k=46.7 WimK

Solution

Ry = R +Ry+ R,

Rw = Ra+ (1/C) + Rg + Rc+ R +Re
=(0,002/48.7)+(0:18)+(0.006/0.038)+(0.001/46.7)+(0.01/0.023)+ (0.001/46.7)
= 000043 +-48 +.167 +.0000215 + 434 + 0000215

= 0.78 8q.m. KW

R = 0.044  sqm. KW

R, = 0.1 sq.m. KW

Rr = R+R,+R, - 0.11+0.044+0.762 =0.918 sq.m. KW
) = 1R = 1/0.916= 1.092Wisq.m. K

5.4.3 Final Design

After the satisfied design)verification, Detail (drawing.of the wall. .and floor
panel is generated. The designer will use the wood profile prototype since the plastic
profile extrusion is costly and needed volume production

The external sheet and the intemal sheet metal will be riveted to the wood or
the plastic profile for securing the sheet and rigidity of the panel. Over the edge of the
sheet metal, 50mm x 3mm section of the neoprene gasket is sealed around to prevent air
leakage when secured the panel to the structure, and to prevent metal contact between
the structure and the wall. On the other hand, the neoprene gasket sealed off the
moisture that can be penetrated into internal insulation of the wall pane!.
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The self-tapered bolts and plastic bush is used secure the wall to the
structure. The plastic bush is used to prevent the metal contact between the bolt and the
wall panel. The bolt head is then covered with the plastic cap for thermal insulation, as
show in figure 5.18

N

M AN \
The ﬁgure 5.18 llugtrz théésﬁ nbly of the s 5}1 cap and self tapered
struch :hallatmn the bush is inserted

panel T htened through the plastic hole and
fixed the wall panel to the structure ‘%&&r@l contact between the bolt and the
wall panel since the plastic hole ojﬁ:@bﬂsh w@ﬁ the metal contact guard. The
only thermal bridge is tfig head of the bot:. nally the m@ capped to the head of
the bolt to prevent thEh Ad-oT the bolt exposed o the extema J The cut section of the
plastic bush bolt and cap+ s shown in figure 5.1€ ~
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Figure 5.19:  Cut section view of the plastic cap, plastic bush and bolt for panal fastening fo the structure.
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Figure 5.19 illustrates the cut section of the plastic bush, bolt and the plastic
cap. The plastic bush will have the length slightly less than the wall thickness, which is
designed at 48mm. When the wall panel is fully compressed by tightening the bolt to the
structure the surrounding gasket at the structure will be compressed and filled in the gap
and sealed the bolt end. The bolt area will be airtight and thermal bridge free. This design
also allows quick access to the internal parts with simple equipment and hand tools for
removing the wall panel and the AHU is easy to maintenance.

55 Service Door Panel

i
In some area of Air Handling l/pl HU) machine's equipment that the
technician frequently accesses for mainhenanca‘,}rﬁﬁmwing of the door panel is not a
good solution. The access {ife istoo long. The eperation is inconvenient. The service
door is the perfect solution for sueh require nents.

. to prevent any air leakage in or out the Air
hk:e the wall panel in the thermal insulation.

,;. ;; /) 54 J

design- team; are working on several of the service door

ﬁnaiﬁeagn Hﬂp}m infigure 5. 20

55.1 Detail Design

The researcher a
concepts. The cut section of

Figure 5.200 Cut Section Access Door Comer

Figure 5.20 shows the 45-degree self-support door edges are used as the
major concept. The gasket, flat type neoprene is installed to the 45-degree area of door
and frame for both airtight and the thermal insulation. Hinge is installed from external by
screw into the profile structure. The profile is inserted between two sheet metals to form
the hollow box, which filled with the insulation. The edges of door frame and door panel
are insulated by gasket for improving the thermal insulation around the frame and also
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acted as the airtight seal. The sheet metal that served as the door internal and external
panels are mounted to the doorframe by the same approach in mounting the sheet metal
to the wall panel frame. No metal contact existing between the internal sheet metal and
external. The assembly of the door panel and doorframe are illustrated in figure 5.21

Figura 5 21: The axpladic

Figure 5.21 shows the exploded of the door panel and door frame
assembly. The frame of the wall and doc : e extruded structure. The extrude
piasticsamedasthev ; ure and nel structure is shown in figure
522 - -

¥

Figure 522 Plastic Extrude for doar frame and door panel construction



From the figure 5.22 the plastic profile which served as door panel frame and
door frame structure is displayed. The extruded frame is symmetrical so the wall edge
and door edge can be placed over another on the 45-degree side. The doorframe is
installed into the opening of the wall panel, which is prepared with the supporting profile.
In small unit the doorframe can installed directly to the frame structure with the same
method that used to install the wall panel. The door latch is accessed from external only.
The complete assembled of doorframe and door panel is shown in Figure 5. 23

The heat elchangers in Air Hanl:lllng Unit MG& usually of the fin and
tube type, mmmanly_,ma—mrwpw@ of the Air Handling Unit
(AHU). Coils are used for air cooling and heating aﬁphcatlon with or without
dehumidification appllcati%n But most of the chilled water tﬂns in the Air Handling Unit
(AHU) are both air dehumidification and sensible cooling at the same time. Despite the
cooling function, £ail €'sehas the u:lMemtﬁar:I function 4 "aircleaning, odor adsorption or
frost prevention application, by-wettirg the coil-with-the Water or hy@roscopic liquid. In the
"Cnnnept-d coil selection, the researcher and researckier and desrgn team will focus on
the general gomfort &ir c-onditmmng, cuohng, de%'umldrfying ol anly And 'the focused
coils are the fin-tube cooling coils.

The industrial practice of coil manufacturing is using the aluminum sheet fin,
continuous sheet over the height and depth of heat exchanger, spaced along the copper
tube. Each fin is side by side laid together with the constant density of the number of fin
per length called “fin pitch”. In high corrosive operation environment, other material such
as copper or coated aluminum may replace the plain aluminum fin. The fins are fixed to
the tubes by the mechanical expansion to achieve good thermal contact with the fin
collars. The copper tubes are circuited by the headers and retum bend joints, which
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provide the flow and heat transfer at acceptable coil circuit pressure drop. All edge of the
coil is bounded with the galvanized steel sheet for strong construction.

The header and the retum bend are normally sealed to the tube by soldering,
brazing or welding. In some case, particularly aluminum to aluminum joint of fin-tube,
header, retum bend, the special adhesive is applied instead of welding or soldering.
Common arrangement in the industries four to eight tubes rows for chilled water coil. The
common tubes outside diameter are 5/16, 3/8, 1/2, and 5/8 inch. The tube thickness or
the tube material depends on the operating pressure and the hydrostatic burst pressure of
the application. So, when designing the coils, standard, regulation and specific
specification of customer need to be consulted.

The depth of the coil and the fin pitch of the coil effect the coil air pressure
drop. The proper coil air pressure drop adjustment can be varied by the characteristics of
fin-pitch of the coil, the fin pitch can vary from 4-18 fins per inch. Constructions of coil are
different from one manufacturerto ancther depend on sach design and application.

Form the recommended of American Society of Heating, Refrigeration, and
Air-Conditioning Engineers (ASHRAE), Geod design chilled water coils should be based
on following criteria;

v No air and water trap in the watercoll circuit

v Water circuit can be fully drained by means of gravity during the off cycle
v Minimum pressure drop.

v' Equal feed-and retumed of each coil-circuit-by supply and retumed header
v Coil circuit lengths should be equal

v" Equipped with manual or.automatic Air-Vant
5.6.1 Cooling Cail installation in Air Handling Unit (AHU)

Coils’in, the, Air, Handling Jnit (AHU) can. be-of, drawn through .coil type or
blown through coil type, depended©n the selection, design and application of each unit.
The coils that used in the Air Handling Unit (AHU) are the standard coils that mass-
produced. Variety of circuits, tube arrangements, tube heights, fin lengths and rows of the

coil can be selected form catalogues to meet the engineering requirement on each coit
application.
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The requirement of coil instailation for this “Concept 4" AHU design are:
v Drain Pan must be installed and extended to the downstream side

v The cooling coil height over 45 inches must be split and have the
intermediate drain pan. The accumulated water form the top of the coil will
biock the lower part and the water may be blown out to the air stream.

v The cooling coil air face velocity over 600 FPM must have the water
droplet eliminator on downstream side.

v Extending Drain pan along the direction of the air flow through coil should
be at least equal to the cne third of theeoil height.

5.6.2 Col performance & Rating

When selecting.the coil for the system, coil must be tested to meet the ARI
standard 410-87". The air cooling coile are usually rated within following parameters:

v Entering air dry-buib temperature. 85 = 100 °F
v"  Entering air wet-bulb temperature: 60 - 85 °F
v" Air face velocity: 200-600 FPM

v Entering Chilled Water Temp: 35-85°F

v Water Velocity 1 —81t/s
56.3 Coil Selection

Coil selection should consider the following points:

—

Function Requifément ef-Coil, Cooling, Rehumidifying
2. CoilCapacity

31 Conditich of the entering air

4. Cooing media and operating temperature

5. Space Limitation

6. Air Quantity and limitation

7. Allowable air friction resistance/ pressure drop

! AR| Standard 410-87, Forced-Circulation Air Cooling and Air Heating Coils



8. Allowable water friction resistance/ pressure drop
9. Installation Requirement
10. Charactenstic of individual coil design

Gathered data are the input of the coil selection process. Today Air Handling
Unit (AHU) manufacturers are using the computer software package for coil selection.
The software packages are different from one manufacturer to others but the output
should be approximated closed to each other.

Though coil is standardized for manufacturing in mass production, the variety
of the coil capacity is in the large range. The faclor cencerning the coil capacity is very
extensive. One change in particular factor will change the coil capacity. In designing Air
Handling Unit (AHU) for this-study, the researcher and. researcher and design team
should not be specific on thecooling capacity of the coil but rather using the common
manufacturer standard capacities.

One coil can generate hundreds of capacity when varying the air velocity, the
entering water temp and water flow. For example, the “concept-4” prototype size 3x3 that
build for the test of this “Concept4” double skin AHU design has following size limit.

Concept-4 unit 3x3 coil dimension limitation:

Coil Tube Height: 20 in:

Coil Fin Length: 44 in:

Row: 4 row

Fin Pitch 12 Fin/ inch

Entering. Water Temp 44 °F
Entering Air Dry Bulb 80 °F
Entering Air, Wet Bulb 67 F
Air Flow trough coil 3500 CFM
Water Flow Rate 12 GPM

The coil selection software used in this study generated coil selection output
as shown in figure 5.24.
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TYFE FINS - ALUMINUM .006 INCHES
TUBE WALL THICKMESS .016 INCHES3

EDB EWE EWT SCEM GEM FFI ROWS TH FL FEM
B0.00 &7.00 44.00 3500. 12.0 12, 4. 20. 44. 458.

LDE LWE LWT WIR APD WPD CIR TMBH  SMEH WFE3
6l.16 59.61 57.96 13.96 .38 .5 B B3.04 72,11 1.0

60.44 58.91 59.19 15.19 .38 1.4 C 91.35 74.86 1.5
59.99 58,47 59.95 15.¢ .38 3.0 D 95.91 76.58 2.0
59.44 57.94 60488 V’ .7 E 101.40 78B.67 1% §

59.13 57.63

3

104.56 75.8%9 4.1

.,

Figure 5.24: toudbidod icoidn 19t Sampie.of Concept 4" AHU
- LN N
From the cojlelaétioh dutpi | j 9 , one size of coil with fixed
the coil tube height, fin lengt ‘fow'depth, the cail capacity is varied by the coil

circuit. The top four lingé c- condition that keyed in by the
researcher, the computer gengrate | circuit that have variety of coil

capacity.

a3
3
{

Tatle 5.3: Coil Size in Tube Height and Fin Length

From table 5.4, the unit sizes indicated by H: Height and L length is the cross
section dimension of the AHU which the unit is in modules. The number of TH and FL at
each module size coordinate indicate the maximum allowable of the coil Tube Height and



the Fin length for this “Concept 4" AHU. The number is generated by assess the internal
dimension of each unit size and the coil headers and the internal foil fixing components
clearance is already taken for account.

564 Coil Slide infOut structure

Another feature of the "Concept-4" is the coil sliding infout capability and top
removing capability for maintenance. Typical installation of air handlirig unit's coil is fixed
to the structure. When replacing the old coil after running for several years, the unit
structures are ribbed off. The coil changing is time consumed, labor intensive, and
expensive. Because of the new concept of k own structure and easy access wall
panel of the AHU's structure, the coil acces faster. The knockdown structure
allow the coil to be accessed and removed from thﬂﬁp,by disassembled few removable

structure. Also coil can be accessed fram the aceess panel on both coil ends and
/

removes by sliding out. /

565 Caondensation Orain o

The indepen infout Condensation Drain Pan is elevated over the
lower structure edge ] ,frcim 5. The drain pan can be easily removed by
sliding out from either sidas o umt AN raln pan is canstructed with the plate slope
from one end to the other for grt?wed ajj?pqnd as shown in figure 5.25.

Figure 5245 || V-Grodved SlopedhDrain Pan
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The slope of the drain pan, which is elevated from the horizontal plane of the
AHU floor and the height of the base structure, allows the drain pan to be completely dry
during off cycle. '

The drain pan's pipe is extended through the wall panel and tapped to the
machine room drain system when installed. The proper trapping of drainpipe or “U-trap” to
the drain pan should be carefully installed. The height of the U-trap level should be varied
with the operating air pressure of the Air Handling Unit {AHU). The height (H) can be
determined by calculating the differential pressure between inside and outside Air
Handling Unit (AHU) under running condition pius a safety factor margin of 20% for the
varying of pressure loss. Each 10 Pa (0.04 in. Water) of pressure equal to 1-mm height of
the water column and equal to the (H) that the “u-trap™ shali be installed. Depending on
the position of the drain pan,-either on suction (drawn. through) or pressured (blow
through) side of fan, the siphon has tc be differently designed. The Failure to proper
calculation may cause the fleadinginside the Air Handling Unit (AHU). The U-trap height
requirements are shown in figure 5.26

Blow Throuah Unit Drawn Through Unit

Figure 5.28: Drain pan U-Trap Connector

From the figure 5.26, the drain pans U-trap height requirement for blows
through and drawn through unit are shown. H indicates the height required that could be
calculated from the différent pressire from inside and autsidé AHU.

5.7 Fan and Drives Section

Faniis the heart of the AHU), which camies the air passing through the chilled
water coil ta the air duct system, Four common fan biades in centrifugal fan are radial,
forward-curved, backward-curved and air-foiled fan shape. The air enters the centrifugal
fan in the center of the rotor and is accelerated by the rotation to the periphery. Air then
leave through the blades in to the volute which transforms a part of the dynamic air
velocity pressure into the air static pressure and directs it to opening of the fan outiet. Fan
characteristic can be examined by the fan curves or fan diagrams.

Air volume and total pressure, of the fan will identify the operation point of the .
fan. On the fan curve, the operating point of the fan is dependent on the fan speed, air
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volume and total pressure lost. The head loss of the duct system and the internal losses
of the air handier are added together to obtain the static pressure. Velocity pressure has
to be included to the static pressure to obtain the total pressure.
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Figure 5.26: Fon Curve, Fan Diagram,

From figure 5.26 the fan curved of one fan supplier is illustrate. The mark X is
shown the operation point of the fan, which the flow rate is at 5000 m>Mh at B0O Pa total
pressure. The fan is cpérating-at-the rotation-speed-of 2500-rpm with the power on fan
shaft requirement of 1.8kWW. The sound level at operating pointis at 86 dbA.

If the revolution of the fan is not modulated simultaneously, the operation
point will travel along the fan curve withi-the specific revGiution, thus resulting in a change
of air volume. The'stesper the fan curve the less is the deviation in volume, which is the
typical characteristic of backward-curved blades.

Another advantage is the fact, that faris with backward-curved blades do not
tend to absorb much more power when the total pressure drops., whereas fans with
forward-curved blades do ( a higher safety factor should be applied). Besides, backward-
curved blades can achieve a better efficiency. The forward-curved fan is the common for
the low static pressure application of air conditioning systems. Airfoil or backward curved
fan is used in high-static pressure or high volume application on its efficiency advantages
and lower sound level. In contrast, forward curved blades require less fan speed and are
therefore at low air volume and low static pressure requirement it performed quieter and
cheaper system.
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5.7.1 Technical Background, Power, Efficiency and Fan Law

The power of the fan is equal to the power to raised the pressure and the
power required to provided kinetic energy to the air, which called ideal power

Ideal Power = P e = Q X (P-Py) + (M V¥2)

Where

Q = Volume rate of flow (m*/s)
m = mass rate of flow (ka/s)
PP = Pressure rise, Pa

The fan efficiency i8 determined,by dividing the ideal pressure of the fan, by
the actuat measured fan powsr,

Efficiency = Ideal Power/ Actual Power

Another technicalknowladge that needed in selecting the fan for Air Handling
Unit (AHU) is the Fan Law. The fan law-is the relationship of the fan performances. It
identifies the effect of one peformance changing to another. The fan law that is useful for -
application selection is the fan law that focus on changing the following condition:

Volume rate of flow. Q cum./s,
Rotative speed, : @ rad/s
Air density: o Kg/ cu.m.

Static pressurelncrease through fan: SP Pa
And Power required by fan. P w

The laws are applied to constant systems that the duct and fitting have no
change. The sign “~".and “c” are representing “varies as"

Law 1t

Varyyo, Fix.p
Qoo
SP o« o’

P«



Law 2:
Vary p, Fix Q
SP «<p
Pep
Law 3:
Vary p, Fix SP

AN
I,

Those three laws are usaful in the ability to predict the effect of the change in
the fan condition.
5.7.2 Effact of Fan installation Location

Ancther factor that needed to be taken intc account is space between the fan
casing and the wall pane!, which will influence the performance. The location of the inlet to
the fan chamber can give a pre-rotational effect to the airflow. Protection grilles, belt
guards, equalizers etc. will block the aifflow path, which can reduce the fan performance.
The distance of the casing enclosure wall to the fan iniet - wili have the effect on the fan
performance. The effect‘is called blockage loss. The ratio of the'wall distance to the fan
diameter (=fan size) is used to determine these blockage losses. For ratio < 1 the air
volume is reduced, thus the fan speed has to be increased to equalize this effect.

5.7.3 Fan, Motor.and Brive Salection

In old days, the tabutar and charts are used.to select the size, speed and
power.required of the fan.,Farny manufacturef will‘provide their fan'perfomiance curves for
the design engineer 'so’'the proper fan-size, drive speed, drive power can-be determined.
The information that required for fan selection is:

v Type of Fan that need to select
v" Air Flow Rate

v Total Pressure or Total Static Pressure required for the systems
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With operation ranges of the fan, size of the fan shall be determined by using
the fan curves or fan diagram provided by the fan supplier. Other fan performance value,
such as power consumption, noise level, driving speed shall be taken into consideration
and the most suitable fan for the systems can be selected. Typically, in this “Concept 4
AHU fan selection researcher focus on selecting the fan that have lowest power
consumption for general purpose Air Handling Unit (AHU), but in specific application
sound and noise level are also used as the main selection criteria.

After selecting the fan from the fan characteristic diagram, the power input to
the fan is calculated by multiplying the air volume with the total pressure and correcting by
the fan efficiency. The motor must be always chesen to have a capacity larger than the
calculated input power to the fan by taking into accolnt.of safety factor for variations and
transmission losses. If all pressure is calculated accurately a safety factor of 1.1 for
backwards curved fans and a safety factor of 1.2 for forward curved fan is minimum.

Then design-engineers.need to consult with the motor suppliers for selecting
proper size of motor and drives to meet the fan power consumption. If the fan is belt
driven, the design engineer néed to wark with the puliey and belt suppliers for determines
the proper sizing of the belt, type of belts, gize of pulleys and number of grooves required
to satisfy the motor power transmission fo the fan. Those fan-motor-drive selection
processes take some times for completion.

The advancement of the computer technology eases the fan-motor-drive
selection process. Large Fan suppliérs develop the selaction software for helping the
design engineers select fans motors and drives in minutes. The input data for fan
selection software is the same as manual selection. The ranges ¢f the usable fan is then
shown and compared. Scftware-also recommended the bestin the class fan that use the
power consumption and naise level being used as the chosen aritenia.

After selecting the fan, the software is automatically calculated the required
size of motor, which,can be varied by-its poles and véitages requirement. Also the belt
drive selection can be performed. In drive selection the estimated bearing service lifetime
is calculated base on the torque applied to the bearing and speed of bearing. The printout
selection.will coritain all-fantechnical data; curves, motor;-drives and.the.drive-tensioning
requirement for the selected fan at the givenoperating point.

5.7.4 Fan sizing for the Concept-4

In specifying the fan size for the Air Handling Unit (AHU), designer cannot
explicitly point out the fan capacity easily, due to the variation of the pressure loss that
then fan has to overcome in systems and also multiple configuration of fan can be
specified by customers. in practice, the rated fan capacity of each unit is based on the
500-fpom (2.5 m/s) coil face velocity. For “Concept 4" AHU the fan selection is made on all
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23 models on the average 500-fpm (2.5 mvs) coil velocity and at the operation static
pressure of 750Pa

For example of fan selection for “Concept 4" fan selection the
GebhardtVentiatoren™ ProSelectra™ fan selection program is used.

The fan operating conditions for fan selection example are listed as follow:
v Air Volume Required 3500 CFM (6000 ma/h)

v Static Pressure Required 3 in. WG. Or 750 Pa

v Fan Type Backward curved double inlet , belt drive

The output of the Fan Selection Scftware i8 printed out for the example
calculation. The whole list of detail, fan curve and fan drawing are shown in
figure 5.28 which reguired 5 pages length.
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Fan Selection Software Output: Backward Curved Fan

Specification: RZR 12-0355

High Performance Centrifugal Fan Gebhardt rotavent

Double inlet belt drrve

Lap jointed scroll of galvanised sheet steel with discharge flange and rectangular, angle side frames.

High performance impeller with 12 hollow section true aerofoil blades inclined obliquely to the shafl axis, welded in
postion and painted.

Throat plate inclined obliquely in opposition to blada incinalion | Inlet cones matched to the impeller reduce entry losses
to a minimum, Impeller and shaft balanced as an assembly to Grade'G.2,5 (DIN I1SO 1940).

Shaft accurately trued and ground and machined ai both ends to accept-pilieys of standard diameters in accordance
with DIN 748.

Noise tested maintenance free, radial insert ball bearings mounted in pressed steel housing/strut assemblies with
rubber inliners,

Performance data to DIN 24166 Class 1 (BS 848 Class "A")

Liste of articles
Quantity of fans : 1

Number PartNo. Designation
1 24010 RZR 12-0355
1 17555 Motor maenufacturer : Siemens 100La-4 2,2 kW

1 31380156 Drive



Fan Selection Software Output: Backward Curved Fan

Technical data
... for fan: RZR 12-0355

installation acc. to DIN 24 1683 part 1 . : A

Flow rate (V) ..ot siessnrsnins : B000 mdth
Total pressure (dpt) ..., : 814 Pa
Dyn. pressure (pd2) at intake ..........cccccoveniinninnnn : 64 Pa
Static pressure {dpfa) .........ccecrvrviiin ; 750 Pa
Pressure losses (pv) al discharge .............coovveciiisienee. = - 4 A0 Pa
Reference density (Rho1) ... L1200 kgim®
Temperature t of the gas (1) ........ccccoveeeinininnn e i e : 20 C
SPEOU (Ny) ..conriririiiiiaeeississs s o bt 2, 2045 imin'®-
Power on shaft (PW) .......cccrvermvmerenerensiein e . 1.68 kW
Efficiency (ETA) ...ooooeeeees eneeveersrarrensess TEEIIII t® alP ] 81 %
Fan welghl ... il it i : 38 kg
A-Sound power level LWAg.7 ..............filii it i j 82 dB

1). Fan speed tolerances of +4% may occurwhen calculating the bell drive. This may cause
tachnical dala being slightly different to tha valuas abave.

83 Hz £l 1 \81/80 dB
unweighted 425 Hz £......¥ 1 76/83 dB
Octave sound power level 2508 Hz ... ©79/80 dB
acc. to discharge/intake 500 Hz ...0.i586 0 /8079 dB
Lwokig7 at 1000 Hz ... 1 75(16 dB
Octave band frequency 2000 Hz ... - B9IT4, dB

4000 Hz yicinns . -B65/68 dB
8000 Hz e :57/62 dB
... for motor: 100La-4
SIZB it T 100ta-4
SPBd ... T ey 1420 rpm
POWBE ..ot b st sres s bbbt ; 2.2 kW
Voltage/FraquBnty ..........cooviiememiborsnnmeessesariomenn :400/690/50 ViHz
Eloctic currant ..........cccvveevinin e : 4912 A
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Fan Selection Software Output; Backward Curved Fan

Fan curves: RZR 12-0355

Basis:
Reference densily (Rho1): 1.20 kg/m?
Install ....cccooconrvcrrcrnrnininn s A

Stat.pressure [Pa]

A

6500 | . } *
! ; - ETAR for nmax ;
. : . 65% 7% :
4000 | : : o 6% =9 |
1 760 :
! 19 60%
2000 . A . N .
' PwlkW] Y 4 by R 50% !
: 40% . nv[}/min]
1000 | i ;
750 : 24% !
650 | h(jO !4200
. s 3600
13000
12500
200, ... .
12100
: 1800
w0l ... . :
: '. - 1500°
3 T & ,‘ MO U d !
) ' T8 LwAGdB] 1200
% AVAINEATREAr I | >
1000 2000 4000 6500 10000 20000 40000

Flow rate [m3/h]

RZR 18- ... only
Do not use in this area
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Fan Selection Software Output: Backward Curved Fan

Fan Dimensions: RZR 12-0355

- ~720 -
~10q [~
Sk £
Y10 |
28138 | N AT
Ly e e Rl
-t
] ! 3 A e S
) — LH_

Motor fitted to  : Base frame
Rotation /Handing . RD/90/G
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Fan Selection Software Output: Backward Curved Fan

Cuslomer .. : Thesis Order-Na ........ccoomeene : Date of order ; 11.05.2000
Reference .. : Thesls Order confirmalion No Made ......... :12.05.2000
Remark ... Neme ........

Technical déta of fan, motor and drive

Fan: RZR 12-0355 Number
Installation acc. to DIN 24 183 pari 1. A ‘ Rotalion/Handing ...........cocoiee : RD/BO/G 1
Flow rate (V) .....onvimmiemssinnen : 5866 mad/h Rotalion/Handing .............. :
Total pressure (dpt) .......cccciennnns ;779 Pa
Static pressure (dpfa) .............oo.. . 717 Pa
Reference density (Rhol) ............ ¢ 1,20 kg/m? :
Spead (NV) ....occoonviiinicninrennenn, + 2000.4dmin :
Power on shaft (PW) .........ccevevenns ¢ 1,57 kW
Number
Motor ‘ 1
Statusfid-Nr ........cocoirvirnens : Scope of supply/17555 Speed ... v RO : 1420 rpm
Manufacturer ........comeerenn.  © SiGMENS POWET 1ot iiietinrniesnnienens : 2,2 kW
Designation : 1LA7108-4AA80 Voltage/Frequentcy ... 400/690/50 ViHz
Size ..vciiiinnns :100La-4 Electric current ..........cccooovnnn : 4972 A
Execution ........... :B3 EfMCIONCY ..o : 80 %
ISO Class ....oevermevvsnriiinnins 'F Power factor .........cccccuvrcviinnns : 0.82
Protection .........cccccemriieriicrnens :IP 55
Remark:
Belt Drive Number
Fan pulley 1
Diameter ............cciverecnninnnns : 71 mm BUSH oovveeenrernitine s fircaierniseinins 11108
Profile .ccoeeerrerrirrirmecnninnnnnsinees : SPZ BOrE o T 124 mm
GIOOVES ......cvveeirericnniciarennonns 12 JA-NO. e denriie s : 13978
10-NO. e+ 16138
Motor pulley 1
Diameter ..........civvivvcrssane s 1100 mm BUSH i rrer s sresianis : 1610
Profile .......cocceeeniiececsmrenennins »SPZ Bore ... 126 mm
GrooveSs ......c.covsnnvesinnninniiines 12 d-No. ... 0w S W e, : 13906

[d-NO. corrrreirinnenieererncsssnneann ) 3 16147

Be eware of pulley supplier s balancing quality!

V-belt (assorted) No of sets ..l s o 2
Profile .......ccooceoinnieaimeninnnn . SPZ : Effective length .......ccooveen, 11700 mm
Centre distance .......c..cceerennn : 715 mm Id-NO. e : 16249

Tensioning of V-beit :
Tost fOrce ......vvvivverveccnnnniinns B N Pressure-depth per beit ........ 41 mm

The test force indicated has to be checked after running in of the drive. New belts have to be checked
after app. 0,5 to 4,0 hrs of operation.

Belt guard R9 _ 1
IENOD. s+ 55428
@=70mm L=725mm

Remark:
Figure 5,28 Exempie of fan selection oulpta



From determining the maximum fan size allowable to be installed into the AHU by the
researcher, table below shows the maximum fan size allowable and the position of the

motor for beit driven.

Tabile 5.4. Maximurn Fan Size and Motor Alignment

Fan Module Length
Horizontal | Vertical
Unit Size Maximum Fan Size | Motor Positioning | Discharge | Discharge |
2 2 250 Back 3 3
2 3 315 Back 3 3
2 4 315 Back 3 3
2 5 315 Back 3 3
3 3 355 Back 3 3
3 4 355 Back 3 3
3 5 450] Side 3 3
3 6 450} Side 3 3
3 7 450| Side 3 3
4 4 450! Back 4 4
4 5 500 Side 3 3
4 6 630 Side 4 4
4 7 830 Side 4 4
4 8 830] Side 4 4
5 5 500| Side 4 4
5 ) 830| Side 4 4
5 % 800} Side 5 5
5 8 800 Side 5 5
8 8 830 Side 4 4
6 7 800 Side 5 5
8 8 200 Side 5 8
7 7 800 Side $ 5
7 8 900] Side 5 )

Fan Module Length {8 base on the largest fan size, shorier module can be obtain from smaller fan size

FAN

Motor

Back Position

FAN

Figure 5.29 Motor Position Alignment Position

Motor

Sida Position

Figure 5.29 the motor-fan installation diagram. Two motor positioning is used
in this “Concept 4" design, the back installation and the side installation.
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58 Filer Section

The air quality is the major problem of all HVAC application. Worldwide
increased in air poliution developed the concem of air cleanliness level. HVAC engineers
are working to improve the indoor air quality in the buildings and factories. Hence, The
double skin Air Handling Unit (AHU) is a part of solution in making the air cleaner. The
double skin Air Handling Unit (AHU) provided the feature that minimal dust being
generated from the structure. In order in make the Air Handling Unit (AHU) supply better
air quality, various types of air filtration components are selected and installed into Air
Handling Unit (AHU) to remove the unpleasant.and polluted dust particie.

The effact of the air pollution created hot only causes danger to health but
also can cause a wide variety-of problems in the industrial production. Thus, the HVAC
systems in the facilities need to be proper designed. The proper selection of air fiter that
meets the specific environmental requirements is the key to reduce the dust and gas
poliution. Hence, the air filter has ranges of efficiency and functions, the Air Handling Unit
(AHU) must be designed te'cope with all air filtration instaliation requirements.

In designing the Air Handling Unit'(AHV), we build the modular section that
coincident to the dimension of the filter modular size. For the low efficiency, the modularity
is not important since the cost of made_ o order filiers and standard size filters are not
significantly different. In high-efiiciency-air-filter requirement, the air fiter manufactures
produce the limited standard sizes, which common nominal sizes are 305x610mm
(12"x24") and 610x610 (12"'x12"). The-non-standard air filter is very expensive and if the
air handling unit design do not take the filter modularity in to consideration, the cost of the
filter components will ba vary expensive. Filter service life is shért and the filter is needed
the most maintenance, the Air Handling Unit (AHU) design should concern about air filter
changing or cleaning.

For the air filter selection for Air Handling Unit (AHU) the researcher and
researcher and design-teamoneed to-understand,the-nature-of the dust particle, the
method of measuring fitter efficiency; filter service.life.andthe fiter.energy consumption.

5.8.1 Technical Background

Various particle types and sizes pollute the atmosphere, which it is a
circulated system consisting of a mixture of finely distributed solid or fluid particles. The
types of the poliution particle of dust and mist can be distinctively separated by its
property.

The Dust is the solid particle, which is settied out of the air. According to dust
sizes the dusts settling is happened faster or lowers. Dust can be divided into three
groups: Coarse Dusts have particle size ranged from 10 to 500 microns. Fine Dusfs have
the particle size ranged from 1 to 10 microns. The Aerosol is the dust with size less than 1
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micron, which is difficult to settle. This type of dust is also called “Fume” The dust particle
that ranged from 0.5 to 5 micron is the “Lung Damaging Dust".

The Mist is the distribution of the fluid substance in the air. It generally
composed of drops with a diameter between 0.5 to 100 microns.

The size distribution of normal atmospheric particle: the proportionate weight
of the particle size less than 1 micron is only 256% of the total particle weight but it takes
the 85% of the volume, when counting the number of particle at less than 1 micron size
©9.99% is obtain.

When assessing the quality of the' air fiter following criteria should be
considered: Airflow Rate, Pressure Drop, Separaticn.Efficiency, Efficiency test method,
Service Life and Price.

The pressure dropof the air filtars is depended on the air filtter medium, and
the filter media air velocity. When assessing the air filter of the same size and efficiency,
the initial pressure (clean filter) drop at equal aiflow rate should always be compared.

The Separation efficiency can detenmine and rated by following method:
Penetration, Decontamination and Efficiency. Efficiency is commonly used and can be
calculated from:

Efficiency = n = (Inlet Concentration-Outlet Concentration
Inlet Concentration

The test methods of filter are. measuring the concentration of particle at
various points and calculate the efficiency. In the efficiency designation, the test method
must be specified e.g.-by particle weight, by number of particle’or others to obtain the
reliable and comparable efficiency. The particle separation efficiency of the air filter is due
to various physical effects. The known individual separation mechanisms of air filter are
Diffusion Effect, Blocking Efféct Inertial impaction effect, Sieving effect, Electrostatic
effect, Thermal Effect and Sedimentation efféct. The detail of the separation effect can be
found in the NAFA? book “Guide to air filtration system™

The air filter, service! iife cannot /be directly calculated, but' can be
approximately determined through the historic records of the previous air filter statistic.
The service life can be compared between two air filter types or systems by following
formula:

2 National Alr Fitration Associgtion, USA
* NAFA, Edltorial, "Guide to air fitration systams”, 1993 DC, USA
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$1= 52 (F1/F2)
Where  S1 = service life of comparing filter
$2 = service life of referenced filter
F1 = surface area of the filter media of the comparing fitter
F2 — surface area of the filter media of the referenced filter

Energy consumption of the air fitter pressure should not be taken for granted.
The final pressure of the filter should not be selected too high as the power consumption
rises and the air volume declines. Formula for exira power consumption Pe:

Pe =\ dp*h/(n*1000) In kWihr

where
V= Air Volume in m3/s
h = Operating Hours
dp = Pressure Loss Difference
n= Fan and Motor Efficiency

5.8.2 Filter Selection: Suggestion fo select a filter: Do and Don't

Do use roughing filters-tipstream fo prolong the life of expensive high
efficiency filters.

Do provide a manometer across each filter bank to.determine when the filters
should be changed.

Do make suré that air cannot by-pass the filters- afitter is only as good as it's
hoiding arrangement.

Do fit access doorsiand allow sufficient clearance to ease filter changing.

Do select filters) carefully when vaiiable air-volumes are involved. Too low
face velocity can jeopardize the-efféctiveness of certain filters.

Do look at dust holding capacity as a means‘of comparing fitters,

Do provide weather louvers with screens.

Do locate absolute filters within an AHU downstream of the fan section to
prevent the inward leakage of unfiltered air that would result in loss of overall efficiency.

Don't site filters to close to steam humidifiers or similar devices, which may
impinge, water droplets onto the media.

Don't overrate filters beyond the manufacturer's recommendations.



583 Filter Selection: Application

For proper application selection, the air filters supplier providing following

guideline for the HVAC designer.

Applications Suggested EU Grade
General Factory Areas EU2
General Office Areas EU3
High Grade Office Areas EU6G-7
Computer Rooms EU4-7
Hospital Wards EUB
Hospital Operating Theatres EU8-10
Retail Stores EUS8
Food Factories EUB
Pharmaceutical Manufacturing Areas EU8-11
Restaurants EUS
Airport Terminal Building EUG
Leisure Centers, Swimming Pools EUS
Theatres, Congert Halls, Cinemas EU7
Hotels EUG
Exhibition Centers EUS
Museums, Art Galleries EUS
Schools EUS

The EU Grade'is base on the standard Eurovent 4/5, please refer to the
Appendix 7 for filter efficiency conversiontable,

There are also the gas-range filiers, which can to adsorb various gases. Gas
filters are using same installation approach in Air Handling Unit (AHU) and the detail is not
focused.

5.84 Filter Section Dasign

In designirg the air filter section, the Air Handling Unit (AHU) researcher and
design team need only to determine the depth of the module required and how to install
the fitter holding frame to the Air Handling Unit (AHU) that can be easily accessed for
each type of filter.

Most of the case the Air Handling Unit {AHU) is installed with the upstream
fiter section. Only.high-efficiency air filter, is.installed-in the downstream.-In practice the
fiter can be accessed through the service door at the mixing box section, for one stage of
fiter holding frame.

In case of multi-stages air fitter, the Air Handling Unit (AHU) should provide
the air filter section with access door, the minimum distance between two filter section is
determined by the size of the air filter plus the area for service the filter. Recommend
service area between two filters is 50 cm while the recommend door opening width at 60-
cm minimum. In case of small size air handling unit, the area should be slightly larger.
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The filter section that used in the Concept-4 is installed in full cross section
area at return end of AHU. The filters installed are the 50mm, EU4 +300mm depth EU7
fiter in one filter holding frame.

The cross section filter module arrangements for all 23 unit of Concept-4 are:

Module Width
] 7 ]
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1 1 i
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Figure 5.30 Fitter Arrangement

From figure, 5.30 the vertical axis represents: the height of AHU and the
horizontal axis is the width-of the-ARU.-all-unitin-modules.The figure shows the standard
size filer arrangement. The standard size filer are 12°x24", 24"x24", 24"x12" and the Blind
Plate size 12inchesx12inches that used to block the bypass air stream.

59 Mibdng Boxand Dampers

The mixing' box and.dampers are the sections of the AirHandling Unit (AHU)
that mechanically control and balance theair. The damperis the equipmentthat design to
reduce the open area of the duct, thus, the air resistance is increased and, the air volume
is changed,

There are two types of damper, the opposed blade and parailel blade that
named after its configuration. The opposed blade damper is commonly used in the
industries due to its capability to control the volume of the air, more linearly. Various
designs and configurations of damper blade are available in the market. Damper can be
operated manually or automatically upon the customer demand. The design of the
common used damper at mixing box are the two way damper, that introduce the fresh air
and return air to the mixing box. There is one significant technical consideration on the



limitation of selecting the damper: the damper air velocity.. Some supplier claimed the
maximum air velocity across the damper up to 45 m/s but the maximum allowable
damper air velocity should be 6 m/s due to the noise level limitation. Damper pressure
drop shouid be also taken for consideration on calculating the total system pressure drop.

in the Concept-4 Design, if the retum air that entering the Air Handling Unit
(AHU) comes from the duct and AHU is in the warm machine room environment or on the
roof top, the intemal damper is recommended to avoid the condensation on the damper.

The damper also sized in modular for easy of selection and listed in table 5.5
below:

Daper Sz
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CorrperMedlieVeth | 2 3 a ) 6 7 8
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1 20 5% 221\ 86| 22| 1149 2271441 21 1752 A6/ 27 252
2 50 5% 53|63 5341142 53 1447 53 175 533 A6V 53 26
3 837|837 &%) 1142 €37 1| 837 1752 837 067 857 2382
4 1143 1142 1142 1447) 1142 1752 1142 20657] 1144 2362
) | W7} 1447] 1752 1447 2067] 1447] 232
6 175 1754 1754 06/ 262
7 2067) 257 2657 2864

Tabie 5.5: Darnper Size for “Concept 4”

Table 5.5 shows the dimension of the standard damper size that used in the
“Concept 4" AHU. The damper height in module 18 on the vertical axis shown number 1 to
7. The damper module width is located on the top row on horizontal axis. The coordinate
of the damper module will_show the exact dimension of the damper frame. H and L
indicate the height and length of the damper frame that used to-installed in the “Concept

4", This H and L dimension are used to indicate the damper size for order the damper for
the supplier. ~.
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