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Currently, on-site diesel firefighting pump systems are significantly
necessary for high-rise buildings. This study presents a process for
designing diesel fire pump systems for high-rise buildings using AVL
BOOST software associated with mechanical calculations. The Kirloskar
CPHM 80/32 pump and DESSUN 4DSP-75 diesel engine were selected
based on preliminary calculations to match the requirements of
Vietnamese standards for a 79-meter building. AVL BOOST software has
been used to simulate the full load performance characteristic of the
engine, then, a partial load characteristic is determined for the adequate
pump that requires input power at a rated speed of about 2975 rpm. The
transmission consists of the propeller drive, and flanges were designed to
connect the engine and pump. The findings show that utilizing AVL
BOOST software is considerably helpful in determining the engine's
partial load characteristics, saving time and costs. This study contributes a
foundation for practical research to calculate and design the firefighting
pump mechanical systems in high-rise buildings.

Keywords: diesel engine, firefighting pump, performance characteristics,
AVL BOOST, propeller shafi.
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1. INTRODUCTION

In the context of the service economy developing
rapidly, the population in cities is sharply increasing. It
leads to residential areas with more high-rise buildings
being built to accommodate this increase. With high
population density, ensuring fire safety in these buil—
dings is vital [1]. Particularly, higher floors are often out
of the reach of firefighters for high-rise buildings with a
height of 120 meters or higher [2,3]. As a result, on-site
fire pump systems are necessary for high-rise buildings.
Fire pumps are essential equipment for pumping water
from local water supplies to the top areas of high-rise
buildings and even to the nozzles of each room’s fire
suppression system. The design and installation of fire
pumps must be carefully calculated to ensure fire
protection standards; otherwise, the fire protection
system may not operate properly, leading to loss of
property or even life in case of fire [4,5].

Fire pump systems in high-rise buildings normally
consist of a main fire pump (usually an electric pump), a
backup fire pump (usually a diesel or gasoline engine
pump), and a pressure compensation pump [6]. The
system can operate automatically via an electric pump
when a fire or explosion occurs. However, if there is a
break in the electricity supply, the system must be
operated manually with the diesel pump. That is why
diesel engine fire pump systems are always equipped in
high-rise buildings. Besides, diesel engines are more
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often used in fixed firefighting systems than gasoline
engines due to their high capacity, low speed, long
lifespan, and lower maintenance than gasoline engines
[7].

Diesel engine fire pump systems usually include a
fire pump, a diesel engine, and a coupling between the
diesel engine and the pump. Fire pumps are usually
rotary dynamics pumps and are selected based on floor
area, building height, the density of firefighting equip—
ment, and the required pressure [7]. From there, engi—
neers can choose a diesel engine with the appropriate
capacity and rotational speed to drive the pump. The
diesel engine and pump are linked together through
transmissions such as belt drive, couplings, or propeller
shafts, depending on the working conditions and design
requirements of the system.

A crucial aspect of a fire pump system is the
matching between the diesel engine and the fire pump.
The diesel engine must have a larger capacity than the
water pump; however, it must be manageable to
diminish operating costs. Previously, when designing a
building firefighting system, the engine's required
power was often calculated based on the pump's maxi—
mum capacity. Then, the engine was selected based on
the engine's full load characteristics (i.e., maximum
power). But in reality, diesel engines should operate at a
power that is lower than the maximum power to ensure
longevity and stability [8,9]. Therefore, choosing the
engine and operating mode becomes difficult. Engineers
must choose a considerable factor of safety (e.g., 1.5) to
ensure system performance. Suppose it is possible to
determine the partial-load characteristics of an internal
combustion engine. In that case, it will be beneficial to
select the engine and the appropriate operating mode
accurately. AVL BOOST software will simulate the
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engine's characteristics under different load modes,
offering enterprises more options [10-12]. However, the
number of publications on engine partial-load charac—
teristics simulation is limited [13-15]. There was a great
deal of relevant study on simulating engines; however,
there is still a smaller amount on simulating engines
driving firefighting water pumps.

Besides, choosing and calculating suitable drives
for diesel engines and fire pumps is also important. Belt
or chain drives achieve flexibility on transmission ratios
but require periodic maintenance and are bulky in size.
Couplings or propeller shafts provide compact struc—
tures and high stability, but the transmission ratio is
limited to 1 [16]. Depending on the type of engine se—
lected for the firefighting system, the drive type is
determined to harmonize these factors.

In this study, the authors designed a diesel engine
fire pump system to serve a 79-meter-tall building with
22 floors and 321 apartments. Firstly, the Kirloskar
CPHM 80/32 pump and DESSUN 4DSP-75 diesel
engine were selected based on preliminary calculations
to match the capacity and speed of the firefighting
system according to Vietnamese standards, as presented
in Section 2. Secondly, AVL BOOST software is used
to determine the appropriate operating mode for the
engine and pump, as presented in Section 3. Finally, a
propeller drive between the engine and pump is
calculated and designed to comply with the working
conditions and design requirements presented in Section
4. This work aims to contribute a practical method for
designing diesel fire pump systems that are effective in
both technical and economic terms.

2. INITIAL CALCULATIONS

Figure 1 presents the schematic diagram of the diesel
firefighting pump system. The system consists of a
centrifugal water pump with output power, Py o, effi—
ciency, 77,, and required input power, P, i,; a diesel
engine with an output power of P.; and transmission
with transmission ratio, iy, and efficiency, 7. The en—
gine drives the water pump via the transmission, so the
engine output power is declined due to the efficiency of
the transmission and pump.

Water

Figure 1. Diesel firefighting pump principle diagram.

According to current standards in Vietnam on fire
protection systems, a 79-meter building with 22 floors
building needs a firefighting pump system with a flow
rate of 121.6 m’/h and a pressure head of 128.2 m.
Based on that, the Kirloskar CPHM 80/32 pump, with
the ability to produce a rated flow rate of 122 m*/h and
head of 130m at a speed of 2975 rpm [17], was selected
to suit the above building. Pump efficiency 7, = 0.6586.
The pump characteristics are shown in Figure 2. These
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characteristics are built based on the similarity rules of
commercial centrifugal pumps with the manufacturer's
parameters [18]. The influence of viscosity is ignored.
Pump efficiency is assumed to be constant. The pump
characteristics are calculated as follows [18]:

Pump output power at rated speed, P, out rate:

Ppioutirated = P& 13104 rated (1)

where p is the fluid density, g is gravity acceleration,
H,yeq, and Qpyeeq 18 the head and flow rate of a pump at
rated speed.

Required input power of pump at rated speed,

Py in rate!
By in rated = Fout rated / Ty @
Flow rate of pump, Q-
O = Orated (1/Mrated ) G

where 7 is the pump speed
Head of pump, H:

2/ 2
H = H ¢4 (ll / nrated) “)
Required input power of pump, P, i
3/.3
Ppiin = Ppiinirated (n / nrated) (5)

Required input torque of pump, 7}, in rate:

T, p_in — R p_in / n (6)

140 — 250
- -3 - Required input power, P, ;,
= 120 | —m— Required input torque, 7, ;, 200
H —e— Flow rate, 0 e
< 100 @
< —&— Head, H =
; 30 150
Z g
= =
2 z
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S 40 £
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Figure 2. Kirloskar CPHM 80/32 pump characteristics

As indicated in Figure 2, at the rated speed of 2975
rpm, the maximum required input power P, i, is 65.48
kW. Choosing the transmission efficiency 7, of 0.95.
The power of the engine driving pump can be calculated
using the following equation [16]:

B, =P, iy [y =65.48/0.95=68.92 (kW)  (7)

In consequence, the engine must generate a power
greater than 68.92 kW to ensure the pump can operate.
Because it is not allowable for engines to run at 100%
load with maximum power, the engine should be run at
a lower 90% maximum power [8]. The diesel engine of

VOL. 52, No 2, 2024 = 197



DESSUN 4DSP-75 with a maximum power of 75 kW at
3000 rpm was selected to ensure this requirement. The
engine specification data [19] are shown in Table 1.

Table 1. Common specifications of the proposed engine
[19]

Engine code 4DSP-75

14 stroke, direct injection, water

Engine type cooling, turbocharger
BorexStroke 108x118 mm
Compression ratio 17.5:1

Maximum power 75 kW at 3000 rpm

Maximum torque 296 Nm at 2000 rpm

Dry weight(kg) 342

Dimension (LxWxH) 985x545x961mm

3. SIMULATING THE ENGINE PERFORMANCE
CHARACTERISTICS AND DETERMINING THE
WORKING CONDITION

3.1 Simulation model

Figure 3 illustrates the simulation model's primary com—
ponents of the DESSUN 4DSP-75 diesel engine, inc—
luding the engine, cylinder, and plenum, as well as the
restriction elements, pipes, and system boundary, which
are established in AVL BOOST environments [20]. In a
four-cylinder turbo-charged diesel engine model,
measuring points (MP) are used to measure gas condi—
tions and flow information across a crank angle at a
specific pipe site. The simulation model consists of two
system boundaries (SB), where the first system boun—
dary (SB1) is connected to the turbocharger (TC1), the
plenum (PL1), and four pipes 4, 5, 8, and 9 representing
the intake manifold. The exhaust manifolds (pipes 6, 7,
11, and 12) are connected to two plenums (PL2 and
PL3) and the turbocharger (TC1) through two exhaust
pipes 2 and 10. Finally, pipe 13 and the second system
boundary (SB2) represent the engine's exhaust pipe.

PL1

R MP3

PL3

\ 4

SB2

Figure 3. Four cylinders turbo-charged diesel engine AVL
BOOST simulation model

3.2 Simulation process

Figure 4 shows the simulation process using AVL
BOOST for the current study. AVL BOOST simulation
models are built based on the proposed engine speci—
fications. The experimental torque, power, and fuel con—
sumption rate of the DESSUN 4DSP-75 engine were
supplied by the manufacturer [19] at full load (100%
engine load). The real fuel consumption rate was used as
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an input parameter for the simulation process. The indi—
cated mean effective pressure (IMEPy;,), friction mean
effective pressure (FMEPg;,), and brake mean effective
pressure (BMEPg;,,) were computed in the simulation.

( Build simulation model )

Calibrate combustion
parameters of engine
at full load and <
different speeds

v

Compare performance
from simulation and
experiment data

False

True

Determine calibration friction
mean effective pressure.

v

Compute the partial-load
characteristics

Figure 4. Simulation process using determining partial
engine load characteristics

Then, simulation torque (7§,,) and power (Pg;n,) were
determined by the equations as [21]:

BMEP; V;
i = sim” D (8)
4
where Vp displacement volume
Fim = 27nTg, ©)

The power and torque characteristics obtained from
simulation results were compared to those experiment
data. The relevant parameters, such as combustion du—
ration, combustion ignition, air-fuel ratio, engine opera—
tion temperature, etc., were varied in the AVL BOOST
simulation model until the errors were archived at less
than 5%.

After that, the calibration friction mean effective
pressure (FMEP,,) was calculated so that the torque and
power obtained from the simulation were the same as those
of experimental values by the following expressions [21]:

FMER,, = IMER,, — BMEP,,, (10)

where BMEP,,; is the experiment brake mean effective
pressure, which is determined as [21]:

4T,
BMEP,, = V‘“”‘p (11)
D

where Ty, is the experimental torque
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The FMEP., was used to compute the partial engine
loads. The performance characteristics of the engine at
partial loads are obtained by varying the fuel cons—
umption rate percentages corresponding to the expected
engine loads.

3.3 Determining the working conditions of the engine

Figure 5 shows the engine characteristics at 91% and
100% load in tandem with the pump's required input
power and torque. The AVL simulation process obtai—
ned the characteristic curves at 91% and 100% load.
Additionally, pump characteristics are determined based
on the manufacturer's parameters. First of all, it is
evidently seen that the power and torque of the engine at
100% load are significantly higher than those of the pump
at all operating speeds, which means it is nece-ssary to
determine a characteristic at a lower engine load to
comply with the requirements of the water pump.
Therefore, the engine load is gradually reduced until the
engine's torque and the power curves at the pump input
shaft intersect the pump's required input power and
torque curve at the pump's rated speed of 2975 rpm.
Since the maximum speed of the pump and the engine are
approximately equal, the transmission ratio #; is chosen to
be 1. Finally, it can be clearly seen that when the engine
load is adjusted to 91%, the engine characteristic curves
at the pump input shaft intersect the corresponding curves
of the pump at a speed of 2975 rpm. As a result, the
characteristic at 91% is the most suitable operating mode
for the engine. The cha-racteristics achieved by AVL
software guarantee that the diesel engine certainly drives
the water pump in all cases.

300 r 140

F 120

200

Torque, 7' (Nm)

800 1400 2000 2600 3000
Speed, n (rpm)

—&— 7, ;, pump require —a— 7, (100% load)

- - - P, ;,pump require = =<0- = P, (100% load)

—@— 7, at pump input shaft —p— 7, (91% load)
(91 % load) N

- -0~ = P, al pump input shalt "~ i FO15% load)

(91% load)

Figure 5. Power and torque characteristic curves of the
engine and water pump

4. DESIGNING THE TRANSMISSION SYSTEM

According to the selected i, = 1, the propeller drive is
chosen for the system because of its compact structure
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and flexibility. Figure 6 illustrates the exploded view of
the propeller drive. The propeller shaft is the main
component that either links or transmits the power from
the engine to the water pump. The propeller shaft cluster
includes 2 companion flanges, 2 flange yokes, a
propeller shaft, and a universal cross joint. The
companion flange I is connected between the flywheel
and the end of the flange yoke by a group of bolts.
Meanwhile, the companion flange II is used to connect
the other end flange yoke and the water pump shaft with
a group of bolts and a square key. All these components
are taken into account in this section by considering the
dimensions and strength.

/F]ywheel

Companion Flange I
Flange yoke

. Cross joint
Companion Flange 11

Bolts and Nuts
Square key

Propeller Shaft

Bolts and Nuts

‘Water pump
Shaft

Figure 6. Exploded view of propeller drive

JIS G3101 SS400 Steel [22] is assumed to be used
for all components' calculating processes, and the factor
of safety (F.S) is chosen at 3. In this calculation, the
compressive and tensile yield strength is supposed to be
equal, which is Sy, = S,.= 400 MPa [17].

Allowable compressive and shear stresses, when
taking into account the factor of safety (F.S), are
determined as below [17]:

S S

ye yt
o|= =——=133.33 MPa 12
[] FS FS ( ) (12)

where [o] is the allowable compressive stress (MPa), F.S
= 3 is the factor of safety. Sy and Sy, are the yield
strength in tension and compression, respectively.

Based on the maximum shear stress theory of fai—
lure, the shear yield strength is half of the tensile yield
strength [17]. Hence, the following formula is used to
calculate the allowable shear stress [17]:

0.58
[7]= s =66.66 (MPa) (13)

where [7] is the allowable shear stress (MPa) since the
engine produces 296 Nm of maximum torque at 2000
rpm. Hence, the preliminary selection of the Gewes size
30 KZ 47 propeller shaft without length compensation
in tandem with the corresponding size flanges yoke and
cross joint.

The parameters of the Gewes KZ 47 propeller shaft
without length compensation are summarized in Figure
7 and Table 2 below [23]:
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Figure 7. Drawing of Gewes KZ 47 propeller shaft

Table 2. Parameter of Gewes KZ 47 propeller shaft [23]

Parameter Symbol | Value Unit
Size KZ 47 -
Length between joints center L; 220 mm
Overall length Ly 300 mm
Center of U-joint bore to end B 40 mm
of the flange yoke
Outer diameter and thickness
of the propeller tube Doxt | 50 %2 mm
Outer diameter of the flange D 90 mm
yoke Y
flange yoke pitch circle

radius of bolts Ryt 37.25 mm

Thickness of the propeller’s
flange

3.4 Calculating propeller shaft strength
Critical bending speed of propeller shaft

The critical bending speed of the propeller shaft is the
speed at which the rotating shaft becomes dynamically
unstable and starts to vibrate violently in a transverse
direction [23-25]. According to the general layout
design, the initial overall length of propeller shaft Ly, is
selected at 300 mm. Hence, the distance between joints
center L; is 220 mm. Thus, for the propeller shaft,
assuming the connection components have adequate
flexural rigidity, the critical bending speed can be
calculated using the following formula [23]:

2 2
«/D +d
=0.9x108x X1 "t —126336.85 (rpm)  (14)

n .
Cr1 L2

where n.; is the critical bending speed of the propeller

shaft (rpm), D; = 50 mm and d; = 46 mm are the outer

and inner diameter of the propeller tube shaft, and L =

220 mm is the distance between the joints center.

Maximum shear stress of propeller shaft

The polar modulus of propeller shaft tube section is
calculated as follows [26]:

T

Z, =
16D

(Dt4 —d ) - 6960.76 (mm®)  (15)
where Z; is the polar modulus of propeller shaft tube
section (mm”)

The maximum shear stress of the propeller shaft
tube is determined by the following formula [27]:
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3
o =20 leo = 42.52 (MPa) (16)

t

where 7, na 1S the maximum shear stress of the propeller
tube shaft (MPa), and 7 = 296 Nm is the maximum
torque of the engine.

At 2000 rpm, the maximum torque 7 of the engine is
296 Nm, creating the maximum shear Stress 7 . =
42.52 MPa < [z7] = 66.66 MPa. Hence, the propeller
shaft ensures the strength condition of the system.

Strength of circular fillet weld subjected to torsion of
propeller shaft

The size of the welded joint is calculated by the
following formula [27]:

3
2T )

TTweld % Dt

where s is the size of the weld (mm), 7,4 = 80 (MPa) is
the maximum stress for the welded joint [27].

Hence, we select the size of the weld joint as s = 3
(mm) to comply with the recommended minimum size
of welds [27].

3.5 Calculating cross joint

In order to have a constant rotational speed of the
engine and the water pump, the propeller shaft is
equipped with a universal cross joint at each end. The
diameter of the cross joint’s pins, therefore, is
determined by the following formula [27]:

3
10" s 7s2mm)  (8)

ZX%x[r]th

where d, is the diameter of the cross pin (mm), [t] =
66.66 MPa is the allowable shear stress for the pin
(According to the allowable shear stress of JIS G3101
SS400 steel in section 4.).

Lep=72.10

Ho £

Figure 8. Drawing of Gewes size 30 cross joint

026

_ﬂ

dcpz 026

£

The cross joint’s pin diameter must be at least 7.72
mm. Hence, the selected Gewes size 30 cross joint, the
geometric parameters of which are shown in Figure 8,
ensures the condition of the calculation above.

3.6 Designing of companion flange coupling
Two companion flange couplings are not only mounted

on the propeller shaft ends in order to connect the
engine and water pump but are also used to transmit the
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torque from the engine to the water pump. Thus, the
design and safety conditions are taken into account
below.

Designing of companion flange I connecting water
pump shaft with the yoke

Figure 9 shows the design and geometric parameters of
companion flange I. The companion flange I is designed
to connect the water pump shaft with the propeller shaft
via M8 socket set screw cup point, one square key, and
a set of bolts. The design, calculation, and safety
verification of it are presented below.

tt1=10 Rt1=3725 w=12
g 4x08
Lo
g — !
G S .
o
Q ~
= J
Ll Ln1=100 %
Le1=110

Figure 9. Drawing of companion flange |

Designing for the hub of the companion flange I

The outer diameter of hub Dy, | is preliminarily designed
at 58 mm, and the inner diameter of the hub is equal to
the diameter ofthe water pump shaft (d, | = d, = 42 mm).
The length of hub L, ; is determined to be 100 mm in
order to comply with the length of the water pump shaft.
The polar modulus of the hub section is calculated as
follows [26]:

T

16Dy

where Z,; is the polar modulus of the companion
flange's hub section (mm3), Dy 1 = 58 mm is the outer
diameter of the hub.

Checking the induced shear stress for the hub
material by the following formula [27]:

Z 1 (Dht* -~ 1) =27776.01 () (19)

Tx10°

Ty 1 = =10.66 (MPa) (20)

h 1
where 7, | is the shear stress of the hub (MPa).

Since the shear stress of the hub is less than [z].
Thus, the design of the hub is safe.

Designing for the flange of companion flange I

The thickness of flange # | is preliminary designed at 10
mm

The flange at the junction of the hub is under shear
while transmitting the torque. Hence, the shear stress in
the flange is checked by the following formula [27]:

Tx10°

7Z'Dh 12
=Xl
2 -

7 = =5.60 (MPa) 1)
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where ¢ | is the shear stress in flange (MPa).

Since the shear stress in the flange is less than the
allowable shear stress value of the material, the design
of the flange ensures strength.

The outer diameter of flange Dy is designed to
comply with the outer diameter of the flange yoke,
which has a value of 90 mm.

Designing for bolts of companion flange I

Due to the water pump shaft’s diameter d,, is 42 mm.
The number of companion flange I’s bolts z,,, therefore,
is selected at 4 [27]. Thus, the companion flange’s pitch
circle radius of bolts Ry, ; = 37.25 is taken to be equal to
that of the flange yoke. The bolts are made of steel
material with the allowable shear and crushing stress of
its are [r,] = 50 MPa and [o,] = 100 MPa [27],
respectively.

The bolts are subjected to shear stress due to the
torque transmitted. Hence, the nominal diameter of bolts
is determined as follows [27]:

Tx10°
o
b I \/”Rbl

=7.14 (mm) (22)

X [Tb ] X Zb7[

where dj, | is the nominal diameter of the bolt (mm), Ry,
= 37 mm is the companion flange’s pitch circle radius of
bolts, [z,] = 50 MPa [27], and z, ; = 4 is the number of
bolts.

Hence, selecting the nearest standard size of the bolt
is M8, which is the same as the flange yoke's nominal
diameter of the bolt.

The bolts withstand shear stress due to the torque
transmitted. Thus, the maximum shear stress on the
bolts is determined as below [27]:

Tx10°

=17.78 (MPa)  (23)

T =
b Lmax ﬂRb |
4* de 1 X Zp 1

where 7y, | max 1S the maximum shear stress on the bolts
(MPa).

Since the maximum shear stress on the bolts is
smaller than the allowable shear stress of bolt [z,] = 50
MPa. Hence, the bolts ensure the operating condition of
the system.

Then, the maximum crushing stress of all the bolts is
verified as follows [27]:

Tx10°
Ry 1 Xz 1 xdy 1 Xlg

=24.83 (MPa) (24)

Ocb ILmax —

where oy, | is the maximum crushing stress of bolts
(MPa), and t; ;= 10 mm is the thickness of the flange.

From the equation above, the induced crushing
stress in the bolts is less than the allowable value of 100
MPa. Therefore, the design of the bolts is safe.

Designing the key of the companion flange I

VOL. 52, No 2, 2024 = 201



The key is designed with the usual proportions and then
verified for shearing and crushing stresses. Moreover, to
simplify the manufacturing and assembling process, the
length of the key is equal to the length of the hub, which
is Lk = Lhﬁl =100 mm.

Since the crushing stress for the key material is two
times higher than its shearing stress [26], the square key
type is selected to be used. From [18], with the water
pump’s shaft diameter d,, is 42 mm and the width of the
water pump's key is 12 mm, the thickness (#) and width
(wy) of key correspondence are equal, which have the
value of 12 mm.

Considering the key withstands maximum shearing
stress by the following formula [27]:

Tx10°

Tmay = ——————=11.75 (MPa)  (25)

L xwy x h1
2

where 7. 1S the maximum shearing stress of the
square key (MPa), w, =12 mm, and L, = 100 mm are the
width and length of the key, respectively.

Since the maximum shear stress on the key is
smaller than the allowable shear stress of key material
with the value of 66.66 MPa, the bolts ensure the
operating condition of the system.

Considering the key withstands the maximum
crushing stress by the following formula [27]:

3
e = —30 3700 MPa)  (26)

d
L
2 2

where G¢ max 1S the maximum crushing stress of the
square key (MPa), #, =12 mm, and Ly = 63 mm are the
width and length of the key, respectively.

Due to the crushing stress for the key material is
twice its shear stress ([o.] = 2[7] = 133.32 MPa) [27].
Hence, the key design ensures safety.

Designing of companion flange II connecting fly—
wheel with the yoke

Figure 10 illustrates the design and dimension of
companion flange II. The front flange, which has a
larger outer flange diameter, is designed to follow the
flywheel design. On the other hand, the back flange has
a similar design to the companion flange I. The
calculation and design of it are shown below.

5 =10 Rof 11=155
A

- 7
ni
(S 3
1 P 77 S 7
=
Q

| Lhu=55

Lc 1=75

Figure 10. Drawing of companion flange Il
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Designing for the hub of companion flange II

According to the dimensions of the flange yoke and
propeller shaft, which have been calculated and chosen
above in tandem with the dimensions of the flywheel
from [20]. Therefore, the outer diameter of the hub Dy, y
is initially selected to be the same as the outer diameter
of the propeller shaft D, which is 50 mm, and the inner
diameter of the hub d), j is preliminarily selected at 44
mm. Besides, the length of hub L, j is designed to be 55
mm in order to comply with the length of the overall
system. It is therefore, the polar modulus of the hub
section is calculated below [26]:

T

4 4 3
—d =9824.95 (mm 27
16Dy 1 (Dth b1l ) (mm~) (27)

Zypq =

where Zy ; is the polar modulus of the companion
flange's hub connecting the flywheel with the yoke
(mm3), Dy yand dy_y are the outer and inner diameter of
the hub with the values of 50 and 46 mm, respectively.

Hence, the following formula is used to verify the
maximum shear stress of the hub [27]:

Tx10°

h 1l

Ty = =30.13 (MPa) (28)

where 7, y; is the shear stress of the hub (MPa).

Since the shear stress for the hub material is less
than the allowable value, the hub design is, therefore,
safe.

Designing for the flange of companion flange II

The thickness of the front and back flanges (¢ 1) is
initially chosen at 10 mm. By considering the flange at
the junction of the hub, the shear stress in the flange is
checked by the following formula [27]:

3
= % =7.53 (MPa) (29)

7Dy 11

X1p

where 7 y is the shear stress in the front and back flange
(MPa), and #; ;= 15 mm is the flange thickness.

Due to the shear stress in the flange being lower than
the allowable shear stress of the material. Hence, the
flange design ensures strength.

Taking into account the outer diameter of the flange
yoke. Therefore, the outer diameter of the back flange
Dy, 11 is equal to the outer diameter of the flange yoke,
which is 90 mm. However, the outer diameter of the
front flange Dy y is followed by the dimensions of the
flywheel, which is 150 mm.

Designing for bolts of companion flange 11

The pitch circle radius of the flywheel bolt is 55 mm in
tandem with 8 bolt holes with M12 bolt size that are
already drilled. Hence, the pitch circle radius of the
front flange’s bolt Ry follows the flywheel's design.
Besides, the number of bolts and pitch circle radius of
the back flange bolt Ry, j; are designed to comply with
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the design of the flange yoke, the value of which is
shown in Figure 10. Hence, the design of bolts for the
front flange still ensures strength due to its dimensions.

5. GENERAL LAYOUT OF THE DIESEL
FIREFIGHTING PUMP SYSTEM

The general layout drawing of the diesel firefighting
pump system is shown in Figure 11. The propeller tube
shaft (4) is assembled with two flange yokes (3) and two
cross joints (6) to create a complete propeller shaft
drive. DESSUN 4DSP-75 diesel engine (1) and
CPHMS80-32 pump (9) are attached to the base frame
(8), which creates the overall length, width, and height
of 2205, 1160, and 925 mm, correspondingly. The
companion flange I (7) is used to connect the water
pump shaft and the propeller shaft drive. On the other
end, the engine flywheel is linked to the propeller shaft
drive via companion flange II (2). Furthermore, the
safety chuck guard (5) is applied to surround the
propeller drive to ensure safety when operating. As a
result, the overall system is compact in size and easy to
assemble and maintain.

1160

Figure 11. General layout drawing of diesel firefighting
pump system

6. CONCLUSIONS

This work presents the design of a diesel engine
firefighting pump system to serve high-rise buildings
through the main support of AVL software. According
to the current standards in Vietnam, the Kirloskar
CPHM 80/32 water pump and DESSUN 4DSP-75
diesel engine were selected based on preliminary calcu—
lations to comply with the design requirements. After
that, AVL software was used to simulate the speed cha—
racteristics of the selected engine by calibrating the
combustion parameters and adjusting the fuel consump—
tion. Then, a partial-load characteristic was determined
to ensure the pump required input power at a rated
speed of 2975 rpm. Based on the simulation results, the
transmission, including the propeller drive and

FME Transactions

companion flange couplings, was designed to connect
the engine and pump.

Findings show that using AVL software brings
significant advantages. Instead of a practical expe—
riment, the engine's partial load characteristics are
simulated entirely on the computer, thereby reducing the
cost and time. The designing process of the transmission
system for the firefighting pump, therefore, also
achieved the same benefits from this software.

This study can be not only considered fundamental
for the calculating and designing process by quickly
testing the selection of the engines and their appropriate
operating mode without the need for the actual expe—
riments but also as a role model for in-depth industry-
related studies that use engines as driving sources.
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NOMENCLATURE
D outer diameter, mm
d inner diameter or nominal diameter, mm
e center of U-joint bore to end of flange
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yoke, mm

factor of safety

gravity acceleration, m*/s
pump head, m

transmission ratio

length, mm

rotational speed, rpm

power, kW

pump flow rate, m*/s

pitch circle radius of bolt, mm
yield strength, MPa

size of weld joint, mm
torque, Nm

displacement volume, m’
thickness, mm

width, mm

polar modulus of section, mm
number of bolts

3

NNE T NN® ORI MR Y
9%}

Greek symbols

fluid density, kg/m’
efficiency

allowable stress, MPa
allowable shear stress, MPa

N QI D

Subscripts

b bolt
bb back flange’s bolt
bf front flange’s bolt

c companion flange

cal calibration

cb crushing stress of bolt
ck crushing stress of key
cp Cross pin

cri critical

e engine

exp experiment

f flange

fb back flange
ff front flange

h hub

in input
J joint
k key
out output
p pump

pf propeller’s flange
ps propeller shaft

sim simulation

t tube

tr transmission

y yoke

yc compressive yield strength
yt tensile yield strength

weld  weld

Acronyms

BMEP brake mean effective pressure
FMEP friction mean effective pressure
IMEP indicated mean effective pressure

FME Transactions



CTYAUJA O ITPOJEKTOBABY CUCTEMA
JU3EJI IYMIIN 3A TAHIEIHE ITOXKAPA 3A
CTAMBERY 3I'PAlY
T.[. Xour, M.K. ®am, ®. I'naur, ®.T. Tpyonr,
X.X. Hryjen

TpenyTHO Cy cucTeMu An3el IMyMIIH 32 Talllekhe MoXkapa
Ha JIMIy MecTa 3Ha4ajHO HEOIXOTHH 3a BHCOKE 3rpaje.
OBa cTyadja mpencTaBjba IPOIEC MPOjeKTOBAmAa CHC—
TeMa JW3eNl BaTPOTACHUX ITyMITH 3a BHUILIECIIPATHUIIE
kopuctehin ABJI BOOCT codrtBep moBe3aH ca mexa—
HUYKHUM npopauyauma. [lymma Kwupmockap HIIXM
80/32 u nuzen motop JECCYH 4/ICII-75 onabpanu cy
Ha OCHOBY IpEJIMMHHAapHUX IIpopayyHa Kako Ou

FME Transactions

OJroBapajy 3axTeBUMa BHjETHAMCKHMX CTaHIapaa 3a
srpaay oxn 79 merapa. ABJI BOOCT codrsep je kopu—
mlieH 3a CHMYyJalMjy  KapakTepHCTHKA  IYHOT
ontepeherma MoTopa; 3atuM ce onpelhyje kapakrepu—
CTHKa JEeNMMUYHOr onTepehema 3a aJeKBaTHY ITyMITy
KOja 3aXTeBa yJa3Hy CHAry IPH HA3MBHOj Op3uMHH O]
oko 2975 o/mun. IlpeHoc ce cacroju O] TOTrOHa
mporienepa, a NOpUPYOHHLE Cy [OU3ajHUpaHe 3a
MoBe3uBambe MOTOpa W mnymne. Hamasu mnokasyjy na
kopumtheme ABJI BOOCT codTBepa 3HaYajHO MTOMaXke
y  oxapehuBamby  KapakTepHCTHKAa  JCTMMHYHOT
onrtepehema MoTopa, mrenehu Bpeme u Tpomnikose. OBa
CTy/iMja Jaje OCHOBY 3a MpaKTHYHA HCTPAKUBAMbA 3a
npopayyH U TPOjEKTOBakbE MEXaHMYKUX CHCTEMa
OyMIH 33 Talieihe MoXkapa y BHCOKHM 3rpajama.
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