
FTP
AIR HANDLING UNITS

T E C H N I C A L  M A N U A L



INTRODUCTION

FTP air handling units represent an important contribution to the improvement of our living environ-
ment. The result of FERROLI's professionalism and years of experience, they are an important point
of reference. The quality of construction and the components used are guarantees of reliability,
functionality, and efficiency. 
Designed to operate at low, medium and high pressures, FERROLI FTP units are made using a
modular system that includes 18 sizes and can thus satisfy a wide range of flow rates.
The normal configurations of the FERROLI air handling units are not suitable for operation in explo-
sive atmospheres.
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1. SELECTION PROGRAM
AIR FTP is a selection software that was designed to propose with extreme simplicity a functional,
construction, and economic framework for the requested unit.
It is a practical and complete tool that is indispensable for determining the dimensions of air han-
dling units.  Due to its ease of use, completeness of data, and number of solutions proposed, AIR
FTP has been applauded by many thermal engineering offices, to which it is provided upon
request. Specialized Ferroli personnel are available to provide information or training on how to
use this software.
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2. CE MARKING

All of the FERROLI air handling units are built in observance of applicable EEC Directives 89/392,
91/368, 93/44, 93/68, and 73/23 and are, therefore, in compliance with the "essential safety and
health requirements" prescribed by these directives. The units are designed in observance of the
above-mentioned standards and, therefore, they have been equipped with a series of preven-
tion and safety devices suitable for satisfying the requirements of the standards:
• Safety and protection nets on the moving parts.
• Safety microswitches.
• Lights for the internal illumination of the machine.
• Handles that can also be opened from inside the machine.
• Rounded corners and absence of any sharp parts.

Adhesive signs that are highly visible due to their size and color are applied to the machine’s exter-
nal casing to indicate possible dangers due to moving parts and electric current.

CE  DECLARATION  OF CONFORMITY
(EU Machinery Directive - Article 5, section 1)

FERROLI S.p.A. declares that the machinery,  Type Series
Is in accordance with the EU Directives 89/392 CEE , 91/368 CEE , 93/44 CEE , 
93/68 CEE, 73/23 CEE as applicable.
This machinery also is in conformity with the following essential requirements, 
in accordance with EU Directives 89/392 CEE, 91/368 CEE, Article 3, section I:

- principle of safety integration;
- use of no-risk materials;
- internal lighting;
- safety during transport and installation;
- protection against mechanical risks;
- protection against electrical risks;
- protection against fire risks;
- planning and construction that reduce  sound risks to minimun levels;
- protection against risk to remain shuted up inside the machinery;
- indelible marking;
- equipment with “Installation and Maintenance” handbook.

DECLARATION OF INCORPORATION
(EU Machinery Directives - Article 4, section 2)

FERROLI S.p.A. declares that the machinery which is object of this declaration must not be
used before being included into a machinery or into a plant which have been declared in
accordance with EU Directives 89/392 CEE, 91/368 CEE, 93/44 CEE, 93/68 CEE.
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3. CONSTRUCTION FEATURES

3.1 STRUCTURE

Built with UNI 9006 anodized extruded aluminum sections joined to form a frame by means of die-
cast aluminum or nylon corner joints and double-layer panels, insulated with high density mineral
wool (80-100 kg/m3) or foamed polyurethane with a thickness from 23 to 48 mm, available in the nor-
mal configuration or the thermal size.

The panels can be made by combining different types of materials:
• Z175 galvanized steel sheet.
• Prepainted steel sheet.
• Peraluman sheet.
• AISI 304 stainless steel sheet.

The panels are attached to the frame with stainless steel or galvanized steel screws and are
equipped with self-adhesive seals.
The inspection panels are mounted on hinges and equipped with a double handle for closing
(from inside and outside).

3.2 BASE

The base is made of a continuous girder, thick galvanized steel sheet, and press formed pieces with
a cross-section the shape of a square bracket to ensure a high level of structural rigidity to allow it
to be handled and transported in complete safety on the building site. Each section is equipped
with eye bolts or holes for the insertion of hoisting crossbars.
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4. COMPONENTS

4.1 HEAT EXCHANGE COILS

The heat exchange coils are removable so that they can function with water, mixtures with glycol,
direct expansion, or steam. They are made with a frame consisting of die formed steel sheet, and
the seal is tested in water with dry air at a pressure of 30 Atm. In the standard version they are made
with copper tubing and a mechanically expanded aluminum pack with louvers. Upon request they
can be made with steel or stainless steel tubing or and a pack with louvers made with copper, tin-
ned copper, or stainless steel. The spacing of the louvers is 2, 2.5, 3, 4, 5, and 6 mm. The headers nor-
mally have threaded connectors, but they can be provided flanged as well.

4.2 ELECTRIC COILS

The electric coils are constructed with reinforced elements with one or more stages, complete with
the electrical board and safety thermostats, and housed in a structure of galvanized steel sheet.
They are mounted on guides to facilitate their removal.
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4.3 SELECTION OF THE COILS

Symbols
Va = Air speed (m/s)
qa = Air flow rate (m3/h)
sf = Front surface of the coil (m2) (refer to Table 9 on p. 13)
T1 = Dry bulb air temperature at inlet (°C)
T2 = Dry bulb air temperature at outlet (°C)
T2F = Apparent dry bulb air temperature at outlet (°C)
J1 = Isoenthalpic condition of inlet air (kcal/kg)
J2 = Isoenthalpic condition of outlet air (kcal/kg)
Tm = Average temperature of the air flow (°C)
Te = Fluid temperature at inlet (°C)
Tu = Fluid temperature at outlet (°C)
NR = Number of rows
C = Capacity (kcal/h)
Δtm = Difference of the logarithmic average temperature (°C)
K = Heat exchange coefficient (kcal/h x °C m2 sf x row)
W = Wet surface coefficient
1.22 = Standard specific weight (kg/m3)
0.243 = Standard specific heat of air (kcal/kg °C)
VH20 = Fluid velocity (m/s)
qH20 = Water flow rate (l/h)
NC = Number of supply circuits
TB1 = Wet bulb air temperature (°C)
TB2 = Wet bulb air temperature at outlet (°C)
Rfitt = Apparent ST ratio
Δ T1 = Difference between the temp. of the inlet air and the temperature of the outlet water
Δ T2 = Difference between the temp. of the outlet air and the temperature of the inlet water
Bf = Bypass factor

4.4 ESSENTIAL FORMULAS

(1) CR = 1.22 x qa x (J1 - J2) = Cooling capacity (kcal/h)
(2) CH = 0.296 x qa x (T2 - T1) = Heating capacity (kcal/h)
(3) VH20 = qH20 / 640 x NC = Fluid velocity (m/s)
(4) Va = qa / 3600 x Sf = Air speed (m/s)
(5) Rfitt = 0.243 x ΔTfitt / ΔJ = Apparent S/T ratio
(6) NRR = CR x W / Sf x Δ Tm x K = No. of cooling rows
(7) NRH = CH / Sf x Δ Tm x K = No. of heating rows
(8) qH20 = CR / Δ TH20 = Water flow rate
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4.5 LOGARITHMIC AVERAGE OF THE TEMPERATURES
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5. SELECTION PROCESS

5.1 WATER COOLING COILS
Let’s examine a size 10 air handling unit with an air flow rate of qa = 10,000 m3/h.
From Table 7 on p. 11 the flow surface Sf = 1,16 m2 .

Data

Air flow rate qa = 10.000 m3/h
CR =  78.000 kcal/h
T1 =  30 °C
TB1 =  21.9 °C
Te =  6 °C
Tu =  12 °C

Selection

1. The air speed is determined using formula (4):

Va=                 =                    = 2,39 m/s 

2. Determine the apparent dry bulb air temperature T2F at the outlet using formula (1) and the
psychrometric diagram (see below).

From (1)   CR = 1,22 x qa x (j1 - j2)
or 1,22 x qa x Δj ricavo j2.

Δj =               =                     = 6,4

Consulting the psychrometric diagram on p. 43:
j1 = 15,3 : j2 = j1 - Δj = 15,3 - 6,4 = 8,9

Now draw the following on the psychrometric diagram:

a)  A line joining the point corresponding to the conditions of the inlet air and, on the saturation
line, the point corresponding to the mathematical average T1 - Te / 2 = Tm

b) The intersection of the isoenthalpic J2 with the line joining T1 - Tm; This will result in a point which
we will call T2F

The real temperature, which we will learn at the end of the calculation, will be between T2F and the
saturation point, along the isoenthalpic J2.

3. Calculate the water flow rate.
From formula (8)

qH2O =                    =                     = 13.000 l/h

3.600 x Sf 3.600 x 1,16 
qa 10.000

CR 78.000
1,22 x qf 1,22 x 10,000

CR                               78.000
ΔTH20   12 - 6

H2O



4. Determine the number of circuits NC, from Table 21 on p. 19: NC = 14.

5. Calculate the water speed. 
From formula (3)

VH2O =                =                     = 1,45 m/s 

6. Determine the apparent ratio Rfitt, From formula (5)

Rfitt =           =                      =                          = 0,57 

7. Determine the logarithmic average temperature Tm, from the table on p. 10.

OR: ΔT1 = T1-TU = 30 - 12 = 18°C        ΔT2F = T2F-Te = 15 - 6 = 9°C

ΔTm = 13

8. Determine the number of rows NR:
From the formula

NRR =                   =                          = 4,85

W = 0,695 K = 740 from the diagram on p. 13
Then we multiply this value by the following: x 1.08 = 5.24 (Spacing of louvers: 3)

x 1 = 4.85 (Spacing of louvers: 2.5)
x 0.89 = 4.32 (Spacing of louvers: 2)

Therefore, we need to take into consideration a coil having 5 rows with louver spacing of 2.5 or 2.
For the sake of convenience, we have selected 5 rows and louver spacing of 2.5.

9. Determine the bypass coefficient BF.
From the diagram on p. 14 Bf = 0,175

10. We now have all the data necessary for calculating the final temperature T2.
T2 = TB2 = BF (T1- TB1) = 13,2 + 0,175 (30 - 21,9) T2 = 14,6°C

11. Determine the pressure loss on the air side using the diagram on p. 20.
Δ pa = 6 m/m

12. Determine the pressure loss on the water side using the diagram on p. 19.
Δ ph = 3,05 m H20

qH2O                          13.000

640xNC 640 - 14

0,243 x ΔTfitt            0,243 x (T1-T2)     0,243 x (30-15)
Δj   j1 - j2 15,3 - 8,9

CR x W 78.000 x 0,695
Sf x ΔTm x K 1,16 x 13 x 740

11
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5.2 HEAT EXCHANGE COEFFICIENT (heat spacing 2.5)

K = HEAT EXCHANGE COEFFICIENT
kcal/h x °C x m2 FRONT. SUP. x ROW

For spacing 3 multiply K by 0.92
For spacing 2 multiply K by 1.12
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5.3 BYPASS COEFFICIENT
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5.4 WATER SIDE PRESSURE LOSS
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5.5 AIR SIDE PRESSURE LOSS
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5.6 AIR HEATING COILS

For the sake of simplicity we will examine the general features of the size 10 unit in the previous
selection example.
Data Air flow rate qa 10.000 m3/h

CH 65.120 kcal/h
T1 8°C 
Te 80°C
Tu 70°C

Selection

1. The formula CH = 0.296 x qa x Δ T gives us:

VT =                 =                        = 22°C

Therefore, the temperature of the air being outlet from the coil will be:
T1 + 22 = 30° C

2. Calculate the water flow rate using the following formula:

qH20 =                 =                        = 6512 lt/h

3. From Table 21 on p. 19 read the number of circuits NC; in this case there are 7.

4. Calculate the water speed using the following formula:

VH20 =                 =                        = 1,45 m/s (NOTE: 640 is a set coefficient)

5. From the diagram on p. 28 read the exchange coefficient K = 810.

6. From Table 22 on p. 20 determine the difference of the logarithmic average temperature ΔTm,
knowing the following values:

Te - T2 = ΔT1 = 80 - 30 = 50°C
Tu - T1 = ΔT2 = 70 - 80 = 62°C
ΔTm = 56°C

7. With the data you now have available, determine the number of rows using the following formula:

NRm=                                 = 1,24 and we then multiply
1,08 =1,34 (louver spacing 3)

1,24 x    1 =1,24 (louver spacing 2,5)
0,89 =1,10 (louver spacing 2)
0,74 = 0,91(louver spacing 1,6)

The above values are rounded up to a higher whole number, therefore, 2 and 1.

CH                              65.120

0,296 x qa    0,296 x 10.000

CH                                   65.120

ΔTH20    80 - 70

qH20                                  6512

640 x NC 640 x 7

65.120
1,16 x 56 x 800

16



For the sake of convenience, we have selected   NRH = 2 with Pa = 2.5
Therefore, our coil will be 2 rows with 10 louvers per inch.

8. Determine the pressure loss on the water side using the diagram on p. 18.
Δph = 1.65 m a.d.

9. Determine the pressure loss on the air side using the diagram on p. 19.
Δpa = 3,4 l a.d.

5.7 HEAT EXCHANGE COEFFICIENT
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5.8 WATER SIDE PRESSURE LOSS
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5.9 AIR SIDE PRESSURE LOSS
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6. CONSTRUCTION FEATURES

6.1 AIR FILTERS

This selection is essential for ensuring the quality of the treated air. The available type covers all
needs: from roll filters to common plan, rigid or soft bag filters, absolute filters with an efficiency level
of 99.999% DOP, according to the customer’s specific
needs. They conform to the usual requirements that they
be self-extinguishing and their efficiency is certified in
compliance with the most important standards (EURO-
VENT, AFI, ASHRAE, NSB, ETC.). Also, activated charcoal fil-
ters, germicide lights, and other types of equipment are
available upon request. They can be placed in one or
more sections of the unit according to the type of filtra-
tion. The importance must not be undervalued of choo-
sing a type of filtration that is suitable for retaining the
impurities in the air with variable dimensions and charac-
teristics to obtain, after treatment, the conditions required
for the environment to be served. The table shows, in a
schematic form, the type of filter that is suitable for trea-
ting the impurities present in the air and specifies its classi-
fication according to the most current standards.

Bag filters Absolute filters

Filters Plan filters
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6.2 IDENTIFICATION OF THE EUROVENT CLASS

EUROVENT CLASSIFICATION 
DEGREE OF EFFICIENCY FRANK TABLE

EU DOP Col. Pond.
(NaCL) % % Visible dust Invisible dustPhotochemical
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6.3 FILTER TEST METHOD

ORIGIN PARTICLES PARTICLES CONCENTRATION NATIONAL EUROPEAN 
Ø (mm) Ø medium (mm) (mg/m3) STANDARDS

MEDIUM EFFICIENCY
ASHRAE 52/76 U.S.A. 0.1+80 mm 5 mm ≤70 mg/m3

gravimetric or weighted

AFI Section I U.S.A. 0.1+80 mm 5 mm 25 mg/m3 EUROVENT 4/5
gravimetric or weighted

BS 2831 Test Dust No.2 1+10 mm 5 mm variable Average degree 
G.B. of separation

BS 2831 Test Dust No.3 6+40 mm 20 mm variable

SFI Test B - quartz powder D 0.2+10 mm 2.5 mm 2.10 mg/m3 Norme UNI 7832

SFI Test B - quartz powder D 0.5+30 mm 8 mm 2+10 mg/m3

HIGH EFFICIENCY
ASHRAE 52/76 U.S.A. >0.5+<1 mm 0.02 + 0.3 mg/m3 EUROVENT 4/5
gravimetric or colorimetric

AFI Section II - Dust Spot U.S.A. <1 mm variable Average degree of efficiency
gravimetric or weighted

colorimetric NBS U.S.A. <1 mm variable

SFI Test A - quartz dust D 0.1+ 4 mm  1 mm 1.5+2 mg/m3 UNI 7832 standards

ABSOLUTE FILTRATION
DOP U.S.A. 03 mm 50 +100 mg/m3

gravimetric or colorimetric

BS 3928 - Sodium flame (NaCi) GB 0.1 + 0.7 mm 0.35 mm 5 mg/m3

BS 2831 - Methylene blue 0.2 + 2 mm 0.6 mm 0,1 mg/m3 EUROVENT 4/4

SFI - Oil vapor D <1 mm  0.4 mm 1.5+20 mg/m3 UNI 7833 standards

SFI - Radioactive aerosol 0.3 mm  variable

URANIA F <0.15 mm 0.12 mm 0.01 mg/m3

TYPE APPLICATIONS

ABSOLUTE FILTERS Sterile systems in hospitals and pharmaceutical enterprises
Electronic, photographic, and food industries
Conditioning, ventilation, and contaminated air extraction in the nuclear industry
Class 100 cleanrooms (F.S. 209) - 3,500 particles ≥ 0.5 m/m3

EFFICIENCY FILTERS Micromechanical industries, rooms for computers and telephone switching centers
Air conditioning and paint booths (air inlet)
Chemical industries and gas turbines
Prefiltration of high efficiency filters 

MEDIUM EFFICIENCY FILTERS Air conditioning and ventilation
Aerothermal equipment and air compressors
Prefiltration of high efficiency filters

CLEAN ROOMS CLASSIFICATION

US STANDARD MAXIMUM NUMBER OF PARTICLES MAXIMUM NUMBER OF PARTICLES TYPE OF
FED. STD 209 B ≥ 0,5 mm (per cubic foot) ≥ 0,5 mm (per cubic foot) AIR FLOW

Class 100 100 0 laminar
Class 1.000 1.000 10 turbulent
Class 10.000 10.000 65 turbulent
Class 100.000 100.000 700 turbulent
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6.4 HEAT RECOVERY UNITS

The different types and brands of heat recovery units on the market can be provided. 
They have been chosen by our Technical Office in close collaboration with the best national and
foreign manufacturers.The following are the ones that are used most frequently: 
Static type

Rotary type

Normally they are inserted inside the air handling unit so as to allow easy maintenance, in sections that
sometimes come complete with control dampers, allowing the inclusion of mixing chambers or bypas-
ses to operate completely with outside air, circulation, or free-cooling.

With rotating drum, available in
both a standard aluminum ver-
sion for the recovery of sensible
heat and a hygroscopic version
for the recovery of sensible and
latent heat.
Devices for controlling the rota-
tion speed of the drum are avai-
lable upon request.

Cross-flow units with aluminum
(or stainless steel) plates sealed
in such a manner as to guaran-
tee the total absence of contact
between the outlet air and the
inlet air; heat pipe units made
with one exchanger that is exac-
tly similar to a coil, with copper
tubing and aluminum louvers,
charged with a two-phase liquid.
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6.5 DROPLET SEPARATORS

The droplet separators are made with a frame and louvers of different shapes and materials and
can be installed in the versions that are available:
• With louvers having 3 folds and a frame made of Z175 galvanized steel sheet.
• With louvers having 3 folds and a frame made of AISI 304 stainless steel sheet.
• With louvers having 3 folds made of aluminum sheet and a frame made of AISI 304 stainless steel.
• With louvers having 2 folds made of polypropylene and a frame made of AISI 304 stainless steel.
• With louvers having 4 folds made of polypropylene and a frame made of AISI 304 stainless steel.

6.6 COLLECTION TRAY
Collection trays are installed in all the selections with components that use or that can form water:
cooling coils, humidification, heat recovery units, and droplet separators.
They can be made of galvanized steel sheet or AISI 304 stainless steel sheet and are equipped with
one or more threaded loading and unloading headers.
The placement of the trays inside the unit’s casing makes it thermally insulated, thus avoiding the
dangers of freezing the liquid contained in the units that are located externally. Antifreeze electric
elements can be installed in their interiors for greater safety.
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6.7 DAMPERS
The standard version of the dampers is made with a frame of galvanized sheet and hollow-core
louvers of extruded aluminum, complete with seal. The opposed louvers are moved by nylon
wheels located inside the damper and are equipped with manual control or a pin for servo con-
trol. On request the dampers can be made completely out of aluminum or, when installed, can
be made with wheels outside of the air flow and sliding metal seals that guarantee, when closed,
the low-pressure seal.

6.8 HUMIDIFICATION

This series of air handling units has been equipped with sections for housing all the most common
humidification systems:  with evaporating pack, with nozzles, with steam, and with atomization.

With steam:
This humidification system can be realized both by installing an autonomous steam generator and
by using the steam supply line. In both cases normally our section is designed for the installation of
both types of steam delivery.
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With evaporating pack:
This humidification system consists of a cellular pack
made of cellulose, is impregnated with phenolic
resins, is contained in a metal frame, and has a water
distributor in the upper part. The spacers that are avai-
lable are 100 and 200 mm. The section can employ
either water discharge or a recirculation pump with a
filling valve, an overflow, or a bleed-off.

With nozzles:
This system, which is also commonly known as a “scrub-
ber system,” consists of a series of self-cleaning spray
nozzles installed on one or two tubes. The system is desi-
gned with a sealed double chamber and can employ
either water discharge or a recirculation pump.

With atomization:
This system consists of a series of special nozzles
known as “atomizer heads” that mix water and
compressed air to turn the water into a thick fog
(aerosol).
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6.9 SILENCERS

The silencers can be installed both inside and
outside the unit and are displaced both at
the outlet and the inlet. They are essential for
reducing the noise produced mainly from
the operation of the fan. They are available
in different lengths from 750 to 2000 mm and
are constructed with sound-proofing ele-
ments consisting of multiple layers of mineral
wool contained in a housing of perforated
metal sheet. The external surfaces of the
sound-proofing elements (those that are in
direct contact with the air) are contained in
a composite film to prevent it from flaking or
being chipped.
The average dampening of the different
types of silencers (installed inside the air
handling unit) in relation to the octave
band is indicated in the following table.

It is important to always take into account that the noise emitted by the machine is always
influenced by the system’s own frequency and acoustic properties.

63 125 250 500 1000 2000 4000 8000

750 mm 5 9 12 15 16 13 11 10

1000 mm 6 11 14 18 19 16 13 12

1500 mm 11 17 22 26 29 24 20 18

2000 mm 14 23 32 35 43 35 27 24

Length
Frequency (Hz)
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6.10 FANS
Double inlet centrifugal type fans with
blades curved forward or backward,
according to the total pressure neces-
sary, with an impeller that is statically
and dynamically balanced according
to the values specified in the stan-
dards, which employ bearings lubrica-
ted for life with a minimum life of
50,000 hours. The models with blades
curved backward are also available
with a flow rate regulator on the inta-
ke. The size of the fan and its rotation
speed are chosen with special care
by our Technical Office which, taking
into consideration the required perfor-
mance, researches the maximum
yield possible and the lowest level of
acoustic emission.

6.11 MOTORS
The motors are asynchronous three-phase motors with squirrel-cage rotor, IP55 protection rating, and
class F windings. They are in compliance with standards IEC 34-1 and IEC 72 (CEI 2 - 3 no. 355 - UNEL
131132-71-B3 UNEL 13118-71) and with the national Italian standards (VDE, NFC, NBNC, BS, SEV, NEN,
etc.). They are installed on a slide that allows them to be firmly anchored and makes it possible to
adjust the tautness of the driving belt.
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6.12 FAN UNIT SUPPORTS
The motor-fan unit is installed on a single shock absorber support,
is constructed with sturdy galvanized steel sheet, and is mounted
on hard rubber supports that absorb all the vibrations caused by
the rotations.

6.13 TRANSMISSION
The transmission is realized by means of belts and sheave pulleys
with a locking conical bushing. All the sheave pulleys, with one or
more grooves, are balanced and are made of cast iron with a gal-
vanic surface treatment. On request, up to powers of 5.5 kW, pul-
leys with a variable diameter can be mounted.

6.14 ANTI-VIBRATION JOINTS
These joints are usually mounted between the fan inlet and the
outlet panel, but they can also be installed on all the duct connec-
tion flanges. The cloth that is used is a “class 1” self-extinguishing
material.

6.15 PROTECTION COVER

6.16 SAFETY MICROSWITCH



Data:
Flow rate V = 15.000 m3/h
Total head Δpt = 1000 Pa
Air density p = 1.2 kg/m3

Air temperature at the inlet t = + 20°C

Locate the following:
Dimensions of the fan
Shape of construction
Number of rpm
Shaft power requirement
Motor powers
Yield
Level of sound pressure in dB(A) at 3 m

Choose the following:
Centrifugal fan Type 500
Fan rpm n = 990 min1

Peripheral speed u = 25,9 m/s
Dynamic pressure pd = 64 Pa
Air speed at the outlet c2 = 10.3 m/s
Yield n = 0.68
Shaft power consumption Pw = 6.1 kW
Motor power PM = Pw • 1.2 = 7.32 kW
Level of sound power Lw = 95 dB
Level of sound pressure ΔLA = 21 dB

LpA = Lw - ΔLA = 74 dB (A)

EXAMPLE OF THE CHOICE OF A FAN WITH BLADES CURVED FORWARD
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Data:
Flow rate V = 15.000 m3/h
Total head Δpt = 1000 Pa
Air density p = 1.2 kg/m3

Air temperature at the inlet t = +20°C

Locate the following:
Dimensions of the fan
Shape of construction
Number of rpm
Shaft power consumption
Motor power
Yield
Level of sound pressure in dB(A) at 3 m

Choose the following:
Centrifugal fan Type 500
Fan rpm n = 1800 min1

Peripheral speed u = 47,2 m/s
Dynamic pressure pd = 64 Pa
Air speed at the outlet c2 = 10.3 m/s
Yield r = 0.80
Shaft power consumption Pw = 5.2 kW
Motor power PM = Pw • 1.15 = 5.98 kW
Level of sound power Lw = 95 dB
Level of sound pressure ΔLA = 21 dB

LpA = Lw - ΔLA = 74 dB (A)

EXAMPLE OF THE CHOICE OF A FAN WITH BLADES CURVED BACKWARD
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7. SELECTION OF THE SIZE
The size of the unit is determined according to the air flow required by the system and the air
speed inside the air handling unit. The diagram makes it possible to quickly make a selection and,
to that end, it is necessary to take into consideration that high air speeds allow smaller machines
and lower costs, but inevitably result in a higher level of acoustic emission, which must be evalua-
ted each time in relation to the unit’s specific use.

7.1 SELECTION DIAGRAM
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When establishing the air speed, it is advisable to take into account some limits, minimums, and
maximums that experience and practice have led us to observe, at least in the most usual cases.

The minimum limit is advised especially in relation to the need to not penalize the yield of the
exchangers, which is strongly reflected in the costs of the machine.

Cooling and condensation with coils without a 1,6 2,6droplet separator, honeycomb humidification section

Cooling and condensation with coils  1,6 3,2
equipped with a droplet separator

Heating with every type of coil 1,6 4,1

Type of treatment Minimum limit Maximum limit
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8. DIMENSIONS
Taking into consideration the size and the air handling sections or modules that are thought to be
necessary to achieve the functions and air handling required from the system, the dimensions of the
elements that comprise the complete unit are listed in the table.
To define its length you simply need to add together the two lengths of the individual modules. The
amount of the latter dimension is only indicative and may be varied to a small degree during the draf-
ting of the execution plan.

8.1 VENTILATING SECTION

SIZES

20 30 50 60 80 100 120 170 200 250 270 350 360 480 510 570 600 700
A 600 600 790 790 1040 1040 1040 1290 1290 1540 1540 1800 1800 2050 2050 2300 2300 2550

A1 710 710 900 900 1150 1150 1150 1400 1400 1650 1650 1950 1950 2200 2200 2450 2450 2700

B 790 1040 1040 1290 1290 1540 1790 1790 2040 2040 2290 2300 2550 2550 2800 2800 3050 3050

C 256 288 322 361 453 507 569 638 715 715 801 801 898 898 1007 1007 1130 1130

D 256 288 322 361 453 507 569 638 715 715 801 801 898 898 1007 1007 1130 1130

M 110 110 110 110 110 110 110 110 110 110 110 150 150 150 150 150 150 150

L1 750 750 1000 1000 1000 1250 1250 1540 1540 1540 1540 1800 1800 2050 2050 2300 2300 2400

D
IM

EN
SI

O
N

S
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8.3 HIGH EFFICIENCY FILTERS

8.2 DAMPERS - MIXING CHAMBERS

AIR INTAKE  MIXING CHAMBER WITH 2 DAMPERS  MIXING CHAMBER WITH 3 DAMPERS
WITH DAMPER READY FOR SERVO CONTROL READY FOR SERVO CONTROL

20 30 50 60 80 100 120 170 200 250 270 350 360 480 510 570 600 700

L2 250 250 250 250 250 250 250 250 250 250 250 500 500 500 500 500 500 500

L3 710 710 900 900 1150 1150 1150 1400 1400 1650 1650 1950 1950 2200 2200 2450 2450 2700

L4 750 750 1000 1000 1250 1250 1250 1500 1500 1790 1790 1800 1800 2050 2050 2300 2300 2400

E 700 960 960 1200 1200 1460 1700 1700 1960 1960 2200 2200 2460 2460 2700 2700 2950 2950

F 310 310 410 410 510 510 510 610 610 710 710 810 810 910 910 1010 1010 1010

G 210 210 310 310 410 410 410 510 510 610 610 710 710 810 810 910 910 1010

D
IM

EN
SI

O
N

S

SIZES

FLAT CORRUGATED FOLDED CORRUGATED ROLL FILTERFILTERS FILTERS

20 30 50 60 80 100 120 170 200 250 270 350 360 480 510 570 600 700
L5

L6

L7D
IM

EN
SI

O
N

S

SIZES

250

500

1000
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8.5 COILS

8.4 HIGH EFFICIENCY FILTERS

SOFT BAG FILTERS RIGID BAG FILTERS ABSOLUTE FILTERS

20 30 50 60 80 100 120 170 200 250 270 350 360 480 510 570 600 700

L11

L12

D
IM

EN
SI

O
N

S

SIZES

COOLING COIL HEATING COIL ELECTRIC COIL

20 30 50 60 80 100 120 170 200 250 270 350 360 480 510 570 600 700
L13

L14

L15D
IM

EN
SI

O
N

S

SIZES

500

250

250

1000

1250

1500

1000

1000

T= 360mm
T= 535mm
T= 635mm

T= 735mm

T= 795mm

L8

L9

L10
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8.7 HUMIDIFIERS WITH SCRUBBER

8.6 DROPLET SEPARATOR - HUMIDIFICATION

SIZES

20 30 50 60 80 100 120 170 200 250 270 350 360 480 510 570 600 700
L20 750 750 750 750 750 750 750 1000 1000 1000 1000 1250 1250 1250 1250 1250 1250 1250

L21 750 750 750 750 750 750 750 1000 1000 1000 1000 1250 1250 1250 1250 1250 1250 1250

L22 1250 1250 1250 1250 1250 1250 1250 1500 1500 1500 1500 1800 1800 1800 1800 1800 1800 1800D
IM

EN
SI

O
N

S

SIZES

D
IM

EN
SI

O
N

S

20 30 50 60 80 100 120 170 200 250 270 350 360 480 510 570 600 700
L16

L17

L11 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1250 1250 1250 1250 1250

L12 750 750 750 750 1000 1000 1000 1000 1000 1250 1250 1250 1250 1500 1500 1500 1500 1500

250

750

DROPLET HONEYCOMB HUMIDIFICATION HONEYCOMB HUMIDIFICATION  STEAM
SEPARATOR WITH WATER DISCHARGE WITH RECIRCULATION PUMP HUMIDIFICATION

WITH ONE SET OF NOZZLES WITH ONE SET OF NOZZLES WITH TWO SETS OF NOZZLES  
WITH WATER DISCHARGE WITH RECIRCULATION PUMP WITH RECIRCULATION PUMP
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8.8 HEAT RECOVERY UNITS

SIZES

CROSS-FLOW HEAT  CROSS-FLOW HEAT ROTARY HEAT    
RECOVERY UNIT RECOVERY UNIT RECOVERY UNIT   
WITH 3 DAMPERS WITH 2 DAMPERS WITH 2 DAMPERS

FOR IN-LINE SECTIONS FOR STACKED SECTIONS FOR STACKED SECTIONS

D
IM

EN
SI

O
N

S

20 30 50 60 80 100 120 170 200 250 270 350 360 480 510 570 600 700
L23 790 790 1040 1040 1040 1040 1040 1290 1290 1540 1540 1800 1800 2050 2050 2050 2050 2300

L24 790 790 1040 1040 1040 1040 1040 1290 1290 1540 1540 1800 1800 2050 2050 2050 2050 2300

L25 790 790 790 790 1040 1040 1040 1040 1040 1000 1000 1000 1000 1250 1250 1250 1250 1250

H1 1150 1150 1400 1400 1900 1900 1900 2150 2150 2400 2400 2700 2700 2700 2700 2950 2950 2950

H2 1400 1400 1550 1550 2150 2150 2150 2650 2650 3150 3150 3700 3700 3950 3950 4450 4450 1950

E 700 960 960 1200 1200 1460 1700 1700 1960 1960 2200 2200 2460 2460 2700 2700 2950 2950

F 310 310 410 410 410 510 510 610 610 710 710 810 810 910 910 1010 1010 1110

G 210 210 310 310 410 410 410 510 510 610 610 710 710 810 810 910 910 1010
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20 30 50 60 80 100 120 170 200 250 270 350 360 480 510 570 600 700
L20 790

L21 1040

L22 1540

L30 2040

D
IM

EN
SI

O
N

S

SIZES

8.10 SILENCERS

8.9 MULTIZONE

SIZES

DI
M

EN
SI

ON
S 20 30 50 60 80 100 120 170 200 250 270 350 360 480 510 570 600 700

L26 1040 1040 1290 1290 1540 1540 1540 1790 1790 2040 2040 2300 2300 2300 2300 2400 2400 2400

H3 1150 1150 1400 1400 1550 1550 1550 1900 1900 2150 2150 2450 2450 2700 2700 2950 2950 3200

Sound-proofing elem.
L=750 mm

Sound-proofing elem.
L=750 mm
Sound-proofing elem.
L=750 mm
Sound-proofing elem.
L=750 mm
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9. WEIGHT TABLES 

CONFIGURATIONMODEL

1 2 3 4 5 6 7 8 9 10

FTP   20 302 226 256 324 368 357 425 323 377 472

FTP 30 363 271 308 389 442 424 494 383 424 561

FTP   50 453 334 393 491 559 542 626 499 545 708

FTP   60 533 395 466 583 657 639 737 589 641 840

FTP   80 675 520 576 745 819 823 946 773 815 1056

FTP 100 753 566 637 819 924 881 1016 809 869 1148

FTP 120 903 686 769 991 1097 1096 1263 1020 1083 1390

FTP 170 1094 833 971 1208 1336 1363 1540 1284 1344 1709

FTP 200 1121 831 1006 1245 1403 1357 1557 1249 1318 1736

FTP 250 1279 946 1160 1433 1602 1567 1793 1419 1515 1973

FTP 270 1527 1158 1352 1663 1854 1903 2126 1729 1869 2371

FTP 350 1919 1459 1686 1941 2327 2315 2645 1987 2354 2973

FTP 360 2063 1615 1855 2289 2512 2548 2868 2334 2548 3204

FTP 480 2343 1798 2077 2611 2847 2954 3324 2708 2987 3702

FTP 510 2617 2030 2335 2904 3174 3371 3801 3099 3389 4281

FTP 570 2826 2175 2502 3126 3537 3672 4143 3280 3719 4590

FTP 600 3167 2349 2707 3375 3815 3989 4487 3553 4039 4953

FTP 700 3415 2517 2947 3790 3862 4404 4941 4000 4543 5532
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10. DEFINITION AND REQUEST FOR QUOTATION
A complete and detailed definition of the machine that is necessary in relation to your amount is
possible in two ways:
- By contacting, or sending a request to, FERROLI’s business office, which is always available for pro-

posing the best solution for your needs in an extremely short amount of time.
In this case, the request must be accompanied by a minimum amount of technical information,
which is necessary for identifying the type of machine and its features:

- Type of construction (type of panel, insulation, and thickness of the insulation).
- Air flow rate (expressed in m3/h or l/sec) at the outlet and the inlet.
- Available static pressure (expressed in Pa or in mm of water column) at the outlet and the inlet.
- Type and efficiency of the requested filters.
- The type and features of the heat recovery unit, air temperatures, and yield.
- The features and operating data of the coils.
- The thermohygrometric conditions of the inlet air, dry and wet bulb temperatures in °C or the dry

bulb temperature and the relative humidity expressed as a percentage.
- The required thermohygrometric conditions of the outlet air, dry and wet bulb temperatures in °C

or the dry bulb temperature and the relative humidity expressed as a percentage.
- The exchange fluid to be employed (water, mixture, freon, steam, etc.) with the relevant tempe-

rature conditions (temperature of evaporation or condensation and inlet and outlet temperatu-
res of the fluids in the case of water, mixtures, or other fluids, in °C).

- Using the “CTA FERROLI” selection program, which is an easy-to-use tool that is able to offer a
complete technical and economic picture of the requested machine.
The size of the unit will be determined according to the performance required and the choice of
the most suitable model and components from among those proposed, and requires a high level of
technical knowledge. To use the program you must have available a common PC equipped with:
- A PENTIUM processor or similar processor.
- 16 Mb of RAM or 10 Mb available on the hard disk.
- Microsoft Windows 95 operating system or later.
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11. PSYCHROMETRIC DIAGRAM

The psychrometric diagram is an extremely rapid work tool in the field of air conditioning,
because:
• It visualizes the air treatments in a graphic form, thereby facilitating comprehension.
• It considerably reduces and simplifies the analytical calculations.
The psychrometric diagram is a Cartesian diagram turned upside-down.
The abscissas indicate the air temperatures measured with a dry bulb thermometer, while the
ordinates indicate the specific humidity or hygrometric content of the water vapor in the air
(expressed in g H2O/kg of dry air). The amount of water vapor that can be contained in the air
without resulting in condensation increases with the temperature.
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11.1 SATURATION CURVE

This is the locus of the points representing, for each temperature, the maximum water vapor
content that each Kg of air can contain.

11.2 RELATIVE HUMIDITY CURVE

This curve indicates the percentage of water vapor that is effectively contained in the air with
respect to the maximum amount that it is possible for the air to contain at the corresponding
temperature.

11.3 WET BULB TEMPERATURE

This temperature is always inferior to or, at best, equal to, the temperature value indicated
simultaneously by a dry bulb thermometer.
The greater the humidity content in the air, the closer the dry bulb and wet bulb temperatu-
res are to being equal to each other.
Note two of the following values:
• Dry bulb temperature
• Wet bulb temperature
• Relative humidity
• Hygrometric content
The remaining values will be uniquely identified.

11.4 ENTHALPY

The amount of heat possessed by the mixture of air and water vapor. Analytically it is defined by
the following expression:

Enthalpy (Cal/kg) = 0,24t + 0,595x + 0,0046tx

in which: t = dry bulb air temperature
x = hygrometric content expressed in g H2O/kg of dry air 

11.5 SPECIFIC VOLUME

This is the inverse of density and is used to transform the kg of humid air into m3 if you need
to choose the fans, determine the duct speed, etc.
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12. THE FUNDAMENTAL TREATMENTS

12.1 HEATING AND COOLING
The heating treatments are represented by lines at a constant hydrometric content, with increases or
decreases in the temperature (the temperature must not drop below the saturation curve, otherwise
the cooling will be accompanied by dehumidification).

12.2 HUMIDIFICATION AND DEHUMIDIFICATION
The addition or removal of water vapor is represented on the psychrometric diagram by lines at a
constant temperature with increases or decreases in the hygrometric content.
These are two treatments that are difficult to have in reality, because in the first case, for example,
difficulties are encountered in providing steam at a temperature lower than 100°C, while in the
second case there will always be increases in the temperature.

12.3 ADIABATIC HUMIDIFICATION
Spraying water initiates the evaporative process. The heat necessary for the evaporation of the
water (latent heat of evaporation) is removed from the air, which therefore becomes cooler.

12.4 COOLING WITH DEHUMIDIFICATION
This is the combination of the cooling treatment and humidification. In fact, all cooling treatments are
accompanied by dehumidification. It depends on how much lower the surface temperature of the
coil is than the dew point of the air.
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EXAMPLE 1

WINTER MIXTURE

Determine the conditions for the mixture consisting of:

- 6000 kg (5000 m3) of recirculated air at 20°C and 45% relative humidity
x = 6,5 grH2O/kg aria secca

- 2000 kg (1520 m3) of outside air at -5°C and 80% relative humidity
x = 2 grH2O/kg of dry air

ANALYTICAL RESOLUTION

Temperature and hygrometric content of the mixture are calculated as follows:

- t mix = 6000x20 + 2000x(-5)/8000 = 13,75°C
- X mix = 6000x6,5 + 2000x2/8000 =  5,4 grH2O/kg of dry air

GRAPHIC RESOLUTION

Calculate the respective percentages of:

- Recirculated air = 6000/8000 = 3/4
- Outside air = 2000/8000 = 1/4

Perform this calculation by joining the initial and final conditions on the psychrometric diagram
and dividing this segment into equal parts to find the mixing point, which will fall closer to the con-
ditions of the air that is present in a larger percentage amount (in this specific case the segment
will be divided into 4 parts). The graphic method gives the direct determination of the values that
were calculated analytically.
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EXAMPLE 2

SUMMER MIXTURE

Determine the conditions for the mixture consisting of:

- 1000 kg (8600 m3) of recirculated air at 26°C and 50% relative humidity; x = 10.5

- 2500 kg (2210 m3) of outside air at 32°C and 50% relative humidity; x = 15

ANALYTICAL RESOLUTION

Temperature and hygrometric content of the mixture are calculated as follows:

- t mix = 10000x26 + 2500x32/12500 = 27,2°C

- X mix = 10000x10,5 + 2500x15/12500 =  11,4 

GRAPHIC RESOLUTION

On the psychrometric diagram join together the representative conditions of the recirculated air
and the outside air and divide this segment into a number of parts that is inversely proportional to
the respective amounts of recirculated air and outside air. This will result in the mixing point falling
closer to the conditions of the air that is present in a larger percentage amount. In this specific case
divide the segment into 5 equal parts. The graphic method will give the direct determination of the
values resulting from the analytical data.
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EXAMPLE 3

HEATING

Calculation of the amount of heat necessary for heating 40,000 m3 of outside air from 0°C with 80% rel.
humidity to +35°C.

ANALYTICAL RESOLUTION

It is assumed that the fan draws hot air. The following is the air flow rate expressed in kg/h:

0-40,000/0.876 = 45,800 kg/h

The calculation for the thermal load is 45,800 x 0.24 x (35-0) = 385,000 kcal/h.

The use of the formula m3/h x 0.3 x Δt would have given an inexact result, because the specific heat
0.3 kcal/h is valid only for air at 7-9°C.

GRAPHIC RESOLUTION

On the psychrometric diagram, heating is a treatment with a constant hygrometric content.
Draw a line with constant hygrometric content from the point 0°C with 80% relative humidity to 35°C.
The temperature 0°C with 80% relative humidity corresponds to an enthalpy of 1.8 kcal/hkg, while
35°C corresponds to an enthalpy of 10.25 kcal/kg. The heating load is calculated by multiplying the
difference in enthalpy by the air flow rate (measured in kg/h).
Load = 485,800 x (10.25 - 1m8) 385,000 kcal/h
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EXAMPLE 4

ADIABATIC HUMIDIFICATION

By means of a series of spray nozzles it is desired to increase the hygrometric content of 6000 kg/h of
air at 32°C from 4.5 to 6.5 g H2O/kg of dry air.
Calculate the cooling experienced by the air to provide the heat necessary for evaporating the water
(adiabatic humidification).

ANALYTICAL RESOLUTION

The heat ceded by the air equals the latent heat absorbed by the water that evaporates:

- 6000 x 0,6 x (6,5 - 4,5) = 6000 x 0,24 x (32 - X)

- X = 27°C

GRAPHIC RESOLUTION

From the point 32°C, 4.5 g H2O/kg of dry air, draw a line at constant enthalpy to a hygrometric content of
6.5 g H2O/kg of dry air.
You will be able to directly read 27°C.
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EXAMPLE 5

PREHEATING HUMIDIFICATION POST-HEATING

In a chemistry laboratory the dispersants amount to 7200 kcal/h in correspondence with outside
conditions of 3°C with 80% relative humidity. Inside, a temperature of 22°C with 50% relative humidi-
ty must be maintained. For reasons of occupational health and safety, heating must employ only
outside air at 2000 kg/h.

Determine:
- The temperature of emission of the air into the space.
- The amount of heat required to heat the air from -3°C to +22°C.
- The amount of heat and the corresponding overtemperature of the air necessary to compensate 

for the heat absorbed by humidification.
- The total amount of heat that the preheating and post-heating coils must provide.

ANALYTICAL RESOLUTION

- 7200 = 2000 x 0,24 (t mix -22) which gives t mix = 37°C
- Q = 2000 x 0,24 x (22 + 6) = 12000 kcal/h
- The hygrometric content of the air at -3°C with 80% relative humidity is 2,5 grH2O of dry air
- The hygrometric content of the air at 22°C with 50% relative humidity is 8,2 grH2O of dry air
- x 0,6 (8,2 - 2,5) = 6800 kcal/h
- = 2000 x 0,24 x Δt Δt = 14,2°C
- Qtot = 7200 + 12000 + 6800 = 26000 kcal/h

GRAPHIC RESOLUTION

1. The following formula can be used to calculate t mix = 37°C:

2000 x 0,24 x ( t mix - 22) = 7200 t mix 37°C

Or calculate the enthalpy of emission of the air into the space by mean of the following formula:

7200 = 2000 x ( h mix - 10,25) which gives h mix 13,85 kcal/h

Draw a line at a constant hygrometric content X = 8.2 g H2O/kg of dry air until it intersects the line
of enthalpy of 13.85 kcal/kg at the point t = 37°C.

2. The following formula can be used in a similar manner:
2000 x 0.24 x (22 + 6) 12,000 kcal/h or measure the enthalpy that corresponds to 22°C with a hygrome-
tric content of 2.5 g H2O/kg of dry air.
This gives the following result: 2000 x (6,85 - 0,85) = 12000

3. The heat absorbed by humidification is calculated by multiplying the difference in enthalpy
(10.25 – 6.85) by the amount of air (2000 kg), which equals 6800 kcal/h. The overtemperature of
14.2 °C (that is, the heating temperature 22 + 14.2 = 36.2°C) is found by extending the enthalpy
line of 10.25 until it intersects the hygrometric content line X = 2.5 g H2O/kg of dry air.

4. The total heat provided by the coil is given by the total difference in enthalpy.

54
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EXAMPLE 6

HEATING HUMIDIFICATION MIXTURE
The winter dispersants of a room amount to 7500 kcal/h. The room must be maintained at 22°C with
a relative humidity of 50% in correspondence with a minimum outside temperature of -5°C with a
relative humidity of 80%. The air handled by the fan heater (3000 kg/h) consists of 2/3 recirculated
air and 1/3 outside air.
Determine:
- The mixing conditions.
- The temperature of emission of the air into the space.
- The amount of heat absorbed by humidification and the required overtemperature of the air.
- The heat provided by the coil.

ANALYTICAL RESOLUTION
1. With T amb = 22°C

T est = -5°C
X amb = 8,2
X est = 2

We have: T mix 2000 x 22 + 1000 x (-5)/3000 = 13°C
X mix 2000 x 8,2 + 1000 x 2/3000 = 6,13

2. 7500 = 3000 x 0,24 x (T mix - 22) which gives mix 32,4°C
3. 3000 x 0,6 x (8,2 - 6,13) = 3700 kcal/h

3700 = 3000 x 0,24 x Δt which gives Δt 5,15°C
4. Qtot 7500 + 3700 + 3000 x 0,24 x (22 - 13) = 17680 kcal/h

GRAPHIC RESOLUTION

1. On the psychrometric diagram join together the representative conditions of the recirculated air
(22°C with relative humidity of 50%) and the outside air (-5°C with relative humidity of 80%) and divi-
de this segment into a number of parts that is inversely proportional to the respective amounts of
recirculated air and outside air. This is achieved by dividing the segment into three parts.   

T mix = 13°C
X = 6,13 grH2O/kg of dry air

2. . It is possible to calculate T imm = 32.4°C using the formula 3000 x 0.24 x (T imm – 22) = 7500 kcal/h
or calculate the enthalpy of emission of the air into the space by means of the following formula:

7500 = 3000 x 0,24 x (h imm - 10,20)
which gives h imm = 12,7 kcal/kg
Draw a line at a constant hygrometric content X = 8.2 g H2O/kg of dry air until it intersects the line
of enthalpy of 12.7 kcal/kg at the point t = 32.4°C.

3. The absorbed heat of the humidification is calculated by multiplying the difference in enthalpy
(12.7 -11.47) by the amount of air (3000 kg) = 3700 kcal/h. The overtemperature of 5.15°C (that is,
the heating temperature 32.4 + 5.15 = 37.55°C) is found by extending the enthalpy line of 12.7 until
it intersects the hygrometric content line X = 6.13 g H2O/kg of dry air.

4. The total heat provided by the coil is given by the total difference in enthalpy 
(12.7 – 6.8) x 3000 = 17,680 kcal/h.
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EXAMPLE 7

COOLING WITH POST-HEATING DEHUMIDIFICATION

The primary air introduced into a system at 32°C with a relative humidity of 55% must be dehumi-
dified to a hygrometric content of 10.5 g H2O/kg of dry air that is necessary to subsequently obtain
in the space the projected indoor condition of 26°C with a relative humidity of 50%.
Determine the amount of sensible heat, latent heat, and total heat that must be removed from
each kg of air and the corresponding S/T ratio.
Determine the sensible cooling contribution provided by the primary air introduced into the spa-
ces at 26°C.

ANALYTICAL RESOLUTION

1. Taking into account a coil efficiency of 90% with respect to the saturation, an outlet condi-
tion of 15.6°C with relative humidity of 94% was selected. This gives the following result:

Sensible heat = 1 x 0,24 x (32 - 15,6) = 3,94 kcal/h

Latent heat = 1 x 0,6 x (16,6 - 10,5) = 3,66 kcal/h

Total heat = 7,60 kcal/h

The ratio of sensible heat to total heat: S/T = 0,52

2. Sensible heat contribution in the space = 1 x 0,24 x (26 - 15,6) = 2,50 kcal/h

GRAPHIC RESOLUTION

1. The difference in enthalpy between 32°C with 55% relative humidity and 15.6°C with 94% rela-
tive humidity is 17.75 – 10.15 = 7.60 kcal/h, which corresponds to the amount ceded by the air.
Drawing a line from the semicircle that is parallel to the handling line gives us the direct determi-
nation S/T = 0.52.

Sensibile heat = 0,52 x 7,80 = 3,94 kcal/h

Latent heat = 7,60 - 3,94 = 3,66 kcal/h

2. From the diagram can be directly read the contribution of sensible heat in the space from the
primary air resulting from the difference in enthalpy: 12.65 – 10.15 = 2.50 kcal/kg.
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EXAMPLE 8

COOLING WITH DEHUMIDIFICATION

An office floor must be air conditioned at 25°C with a relative humidity of 50%. 
The sensible thermal load for the space is 9000 kcal/kg and the latent load is 1000 kcal/h.
1) Establish the air flow rate and the conditions of emission of the air into the space.
2) The air handled by the air conditioner is a mixture consisting of 3/4 recirculated air and 1/4 

outside air at 32°C with a relative humidity of 50%. 
Determine the additional load on the coil resulting from the outside air and the total load on the coil.

ANALYTICAL RESOLUTION

1. In the following system of equations:

kg of air x 0,24 x (25 - Timm) = 9000 kcal/h

kg of air x 0,6 x (9,9 - Timm) = 1000 kcal/h

it is necessary to establish one of the three variables in advance. In fact, you could run the risk of
needing to proceed by trial and error, because the results could be unacceptable. Let’s assume
Timm = 14°C. This gives us an air flow rate of 3400 kg/h and Ximm = 9.4 g H2O per kg of dry air.

2. The additional load due to the outside air consists of 850 kg/h of outside air that must be coo-
led from 32°C with 50% relative humidity (15 g H2O per kg of dry air) to 25°C with 50% relative humi-
dity (9.9 g H2O per kg of dry air).

Sensible heat = 850 x 0,24 x (32 - 25) = 1400 kcal/h

Latent heat = 850 x 0,6 x (15 - 9,9) = 2600 kcal/h

Total heat on the coil = 1400 + 2600 + 9000 + 1000 = 1400 kcal/h

GRAPHIC RESOLUTION

1. The ambient S/T ratio is 9000/10000 = 0.9. Through the point that represents the ambient con-
ditions draw a line parallel to the 0.9 inclination line drawn from the center of the semicircle. On
the 0.9 S/T inclination line choose the point 14°C with 94% relative humidity (assuming the use of
a coil for 93% efficiency). The air flow rate calculated by means of the increase in enthalpy is
10000 (12 – 9.05) = 3400 kg/h.

2. The additional load resulting from the outside air can be calculated by means of the following
two equivalent expressions:

Q outside air =   850 x (16,75 - 12) = 4000 kcal/h

Q outside air = 3400 x (13,20 - 12) = 4000 kcal/h

The following is the total load on the coil calculated by means of the increase in enthalpy:

Q total = 3400 x (1320 - 9,05) = 14000 kcal/h
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EXAMPLE 9

COOLING MIXTURE WITH POST-HEATING DEHUMIDIFICATION

In a restaurant it is desired to maintain inside conditions at 25°C with 55% relative humidity while the
outside conditions are 28°C with 80% relative humidity. Due to the high number of people present,
the flow of the air introduced into the space consists of half recirculated air and half outside air.
The sensible load for the space is 10000 kcal/kg and the heat is 8000 kcal/h.
Determine the necessary air flow and the conditions of emission from the coil.

ANALYTICAL RESOLUTION

The analytical resolution is not easy. Besides the difficult of solving the usual system of two equations with
three unknowns, it does not show that any chosen air flow value results in conditions of emission of the
air into the space that cannot be directly achieved at the cooling coil outlet.

GRAPHIC RESOLUTION

From the indoor conditions of 25°C with 55% relative humidity, draw the S/T inclination line 10000/
(10000 + 8000) = 0.55 (parallel to the line drawn from the center of the reference semicircle). The
line of the ambient loads does not intersect the saturation curve; therefore, there is no coil able to
cool the air to the conditions associated with this line. It is possible to make use of post-heating.
A coil surface temperature is set that can easily be achieved with the temperatures of cooled
water or the direct expansion of cooling that is normally adopted in practice (average of 10°C),
and you link the mixture point to the chosen surface temperature. The conditions of the air outlet
by the cooling coil can be found on this line, more or less near the saturation, depending on the
efficiency of the coil chosen. Then it will be necessary to post-heat until you intersect the ambient
loads line. For example, with a surface temperature of 10°C and a coil efficiency of 95%, the follo-
wing is obtained:

Treatment with cooling coil from 26.5°C with 68% relative humidity to 10.8°C with 98% relative humi-
dity, then post-heating from 10.8°C with 98% relative humidity to 16.4°C with 68% relative humidity.

The necessary air flow rate is:

Air flow rate = 10000/0,24 x (25 - 16,4) = 4800 kg/h

or:

Air flow rate = 10000/0,6 x (10,8 - 8) = 4800 kg/h

The post-heating load is:

4800 x 0,24 x (16,4 - 10,8) = 6400 kcal/h

The load due to outside air is:

2400 x (hmix - hamb) = 2400 x (18,4 - 12,5) = 14200 kcal/h

The check by means of the increase in enthalpy is:

Qtot = 4800 x (15,5 - 7,5) = 38600 kcal/h
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13. DIMENSIONS OF THE AIR DUCTS
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AIR SPEED AND DYNAMIC PRESSURE pd

MODIFICATIONS TO THE DUCTS’ PATHWAY

AIR SPEED m/s 2 3 4 5 6 7 8 9 10 12 14 16 18 20 22 24 26 28 30 35 40

DYN. PRESS. mm.A.D. 0,24 0,54 1 1,6 2,2 3 4 5 6 9 12 16 20 25 30 36 42 49 56 76 100

BENDS

BRANCHES

INLET AND OUTLET

SECTION CHANGE

F = SURFACE
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13.1 DIAGRAM FOR THE SELECTION OF GALVANIZED SHEET METAL CIRCULAR DUCTS

The above diagram refers to air at 15°C, 760 mm Hg, with a specific weight of 1.22 kg/m3.
In any case it can be used without applying any corrections for air temperatures from 10°C to 50°C
and altitudes from sea level up to 700 meters.

13.2 EXAMPLE OF USE

DATA: A rectilinear sheet metal duct, length 14 meters, diameter 400 mm, 
and an air flow rate of 6000 m3/h. 
Determine the average air speed and the pressure loss per linear meter and the total.

SOLUTION: On the diagram identify the intersection point between the horizontal line of the air flow
rate of 6000 m3/h and the oblique line that corresponds to the diameter of 400 mm
(marked by a circle). The oblique line passing through the point, which is almost per-
pendicular to the line of the diameter, gives the air speed, which is approx. 14 m/s. To
determine the pressure loss, draw a vertical line downward and read the value of 0.55
mm A.D. per linear meter. The pressure loss of the inner duct is: (0.55 x 14) = 7.7 mm A.D.

13.3  CORRECTION FACTORS FOR MATERIALS OTHER THAN SHEET METAL

The following table lists the correction values Q for the use of materials other than sheet metal,
according to the air speed. You just need to multiply the pressure loss value of the galvanized sheet
metal duct by the collective factor Q of the desired material to calculate the effective pressure loss.

ROUGHNESS EXAMPLES  

OF MATERIALS 5 15 25 50

HIGH FRESH MASONRY 1,85 2,07 2,15 2,22

MEDIUM ETERNIT CEMENT 1,35 1,45 1,50 1,55

LOW PVC 0,95 0,90 0,85 0,80

MINIMAL GLASS 0,90 0,80 0,75 0,65

CORRECTION FACTORS Q FOR OTHER MATERIALS
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13.4 EQUIVALENT DIMENSIONS OF RECTANGULAR DUCTS

The following table lists the rectangular duct dimensions that are equivalent to circular ducts, at
the same pressure loss and air flow rate. The diameters of the circular ducts are listed in the table.
The top row (a) and the left column (b) give the equivalent dimensions of a rectangular column,
as per the figure.

FOR EXAMPLE:
The following dimensions correspond to the previously determined duct with a diameter of 400 mm:
a) x b) = 200 x 750 or 250 x 550 or 300 x 450 mm. 
At the same air flow rate and pressure loss per linear meter.

ACCIDENTAL PRESSURE LOSS

To determine the accidental pressure losses in the ducts circuit:
1 Determine the type of modification of the ducts’ pathway and calculate the corresponding K.
2 Determine the dynamic pressure (pd) heat as a function of the air speed (in the table).
3 Multiply K x pd.

EQUIVALENT DIMENSIONS
OF RECTANGULAR DUCTS 

150 200 250 300 350 400 450 500
250 210 245 275
300 230 265 300 330
350 245 285 325 355 380
400 260 305 345 370 410 440
450 275 320 365 400 435 465 490
500 290 340 380 425 455 490 520 545
550 300 350 400 440 475 515 545 575
600 310 365 415 460 495 535 565 600
650 320 380 430 475 515 555 590 625
700 390 445 490 535 575 610 645
750 400 555 505 550 590 630 665
800 415 470 520 565 610 650 685
850 480 535 580 625 670 710
900 495 550 600 645 685 725
950 505 560 615 660 705 745

1000 520 575 625 675 720 760
1200 620 680 730 780 830
1400 725 780 835 880
1600 830 885 940
1800 870 935 990

b
a

b

a
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NOTE TO SALES REPRESENTATIVES 

In an effort to constantly improve our range of products, with the aim of increasing
the level of customer satisfaction, we would like to inform you that the appearance,
dimensions, technical data, and accessories of our products may be subject to change.

Therefore, the utmost care must be taken to ensure that all technical and/or sales
documents (price lists, catalogues, brochures, etc.) provided to the end client are com-
pletely up to date. 


