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Abstract:

This study examines the performance characteristics of a Hybrid Fluid Coupling and Fluid
Coupling in order to evaluate their effectiveness and efficiency in power transmission systems.
The investigation focuses on fluids with varying viscosities and varied filling capacities. A
dedicated prototype has been created and constructed for the purpose of conducting performance
tests. The aim of this study is to design and optimize a fluid coupling system that can effectively
transmit mechanical power while minimizing transmission losses. The fluid couplings are capable
of transferring power from both single and dual inputs. The inputs may consist of an Induction
motor or any alternative power source, which may afterwards be transmitted to the output shaft
via the utilization of a Fluid coupling. When it comes to features like efficient shock, load, and

4747



China Petroleum Processing and Petrochemical Technology

Catalyst Research Volume 23, Issue 2, December 2023 Pp. 4747-4762

torsional vibration damping, fluid couplings outperform mechanical couplings. Since there is no
mechanical interface between the Impeller (the source of input) and the Runner (the destination of
the power), acceleration is smooth and the transmission of power is wear-free. An investigation
and analysis are conducted on the impact of input power sources, fluids with varying viscosities,
and fluid filling percentages in the Fluid Coupling on the resulting output power.

Keywords: Fluid coupling, Impeller, Runner, fluid viscosity and Fluid filling capacities.

Introduction:

The fluid coupling primarily comprises an impeller, a runner, and a working fluid contained within
a sealed chamber, and functions based on the hydrokinetic theory. The operation of this system is
characterized by the absence of any physical touch between the pushing and driven shafts. The
driving wheel functions as a pump impeller, transferring the rotational energy to the working fluid.
The driven wheel, on the other hand, functions as a turbine runner, capturing the angular
momentum that is transferred from the working fluid. Consequently, the transmission of shaft
torque between the driving pump rotor and the driven rotor runner is achieved without any physical
contact, thanks to the fluid medium involved in the process. Froude [1] conducted the first
groundbreaking work on the idea of hydrodynamic transmission, and in 1877, the Institution of
Mechanical Engineers read an article of research on hydrodynamic dynamometers. The earliest
hydrodynamic power transmission is credited to Fottinger [2], who filed patents in 1905 detailing
both the fluid coupling and the hydrodynamic converter. The international rights for the "Vulcan
Coupling" to be used in industry and automotive applications were acquired by Harold Sinclair [3]
and the Related Machinery Corporation of England in 1929, marking the starting point of the fluid
coupling's use in these fields.

According to Bilton (4), the speed variable fluid clutch operates by adjusting the level of fluid in
the internal circuit through the use of leak-off valves. Heldt (2015) devised a hydraulic connection
that exhibits a straightforward construction, functioning, and explanation, devoid of any
complexities. The impeller and runner components are contained within a fluid-filled housing and
ultimately achieve a rotational velocity that closely approximates that of the impeller. Patki et al.
(6) investigated the impact of the number of vanes on torque transmission. In a study conducted
by Uchiyama et al. [7], it was demonstrated that the relationship between torque and speed exhibit
a high degree of sensitivity to minor alterations in operational parameters. The findings for various
operational circumstances are validated by Middelmann et al. [8]. In their study, Bai et al. (2019)
investigated the augmentation of torque output by the utilization of angled vanes. In their study,
Tanaji et al. (10) conducted research on the use of fluid coupling in mopeds. Through experimental
analysis, they provided empirical evidence to support the claim that the power transmission
capacity of fluid coupling is enhanced to 82% under heavier loads, in contrast to the 76% efficiency
seen in centrifugal clutches. Moreover, there will be a further increment of 5% in the
aforementioned percentage range, namely from 82% to 87%, provided that the design and
manufacture of the fluid coupling are executed with optimal efficiency. The present study
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showcases the computational fluid dynamics (CFD) solutions conducted by Zixiang et al. [11] in
order to analyze heat transfer and unsteady flow phenomena inside model fluid couplings.

The factors under investigation encompass the cooling via flow, the impact of coupling size, the
number of vanes, and the angle of vanes. In their study, Jain et al. (2012) conducted research on
the behavior of water and viscous fluid in a fluid coupling, specifically focusing on the filling
capacity and its relationship with viscosity. The researchers successfully determined the impact of
viscous on the overall performance of the fluid coupling. In their study, Patel et al. (2013) designed
a fluid couplings using Pro-E model and conducted an analysis of the obtained data using the
software "ANSYS". The researchers investigated the impact of different fluids on the power supply
and output speed of the fluid coupling, and found that these parameters are influenced by the speed
of the input of the fluid coupling, assuming a consistent quantity and type of oil. The experimental
experiments and design innovations conducted by Wallace et al. [14] continue to be extensively
utilized in contemporary research.

The fluid dynamics inside the couplings exhibit intricate behavior, particularly when operating
under conditions of partial filling or cavitation. The authors Ishihara et al. (2015) demonstrated the
viewing of flow patterns within fluid couplings that are partially filled. This was achieved by
employing a transparent apparatus including rectangular sections of varying sizes. The study
conducted by Uchiyama et al. [16] examines the relationship between fluid coupling performance
and speed ratio as well as filling capacity in flow visualization. The study conducted by
Mohinoddin et al. (2017) investigated hybrid vehicles that utilize both thermal and electrical power
sources. The primary emphasis of their research was the design of a hydraulic transmission system,
employing Computational Fluid Dynamics as a tool for analysis. The computational fluid
dynamics (CFD) research indicates that the effectiveness of torque transfer in the hybrid fluid
coupling has a positive correlation with two factors: (a) decreased clearances between the rotating
disks, and (b) lower rotational speed of the engine and motor disks.

The fluid coupling model was established by Danish et al. [ 18] using the solid work program. This
was achieved by modifying the spacing among the driver and driven shafts in order to determine
the efficiency. The conclusion was reached by means of minimization. In a research conducted by
Sakran et al. (2019), a numerical investigation was performed to determine the pressure
characteristics of a centrifugal pump under three distinct scenarios. Each condition maintained
identical operating parameters, but varied in the number of blades employed, ranging from five to
sixteen. The simulation yielded outcomes that were deemed to be rational and logical. The pressure
exhibits a discernible increase when a predetermined number of blades is employed, followed by
a subsequent reduction. Therefore, it can be observed that centrifugal pumps exhibit optimal
performance when operating with specified blade numbers that correspond to their exact
characteristics. In their study, Ramkumar et al. (2020) investigated the effects of revising the
design of a radial flow impeller on its performance. Specifically, they explored the impact of
altering either the blade width or the angle using plastic material. The researchers found that these
design alterations resulted in a substantial rise in the output flow.

The two-way axial-flow pump was investigated by Ji Pei et al. (21). The occurrence of vibration
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in the impeller is facilitated by the presence of an unsteady flow, which poses a hindrance to the
secure functioning of the pump. Rao [22] conducted the initial comprehensive quantitative analysis
on dynamometers. The presenter conducted a comprehensive study of the flow route in a filled
machine, taking into account several factors such as blade angle, torus form and dimensions, fluid
characteristics, and loss coefficients. The primary focus of this analysis was to determine the
impact of these variables on the torque ability number. The study conducted by Knudsen et al. [23]
focused on the hydrodynamic aspects of axial flow hydraulic generators in order to mitigate
cavitation. Additionally, the researchers put out a proposal for an experimental research program
on dynamometers. In their study, Mitsuhashi et al. (24) documented a noteworthy vibration issue
observed in Froude type machines, which was attributed to the interaction between the rotor and
stator vanes. By augmenting the quantity of rotor vanes, the vibration was nearly eradicated.
Rolewicz [25] constructed a set of hydrostatic dynamometers in order to evaluate different
elements of a military vehicle equipped with four-wheel drive.

The system included pumps for the purpose of extracting energy from various components, while
a servo valve was utilized to regulate a hydraulic motor responsible for supplying power to
components without inherent power sources. In their study, Longstreth et al. (26) constructed a
cost-effective high-bandwidth the dynamometer with the capability to generate a diverse range of
torques. For teaching reasons, Holland et al. [27] constructed a cheap absorbent hydrostatic
dynamometer for testing smaller and medium-sized engines. To simulate the operation of a hybrid
powertrain, Wang et al. [28-29] built a hydrostatic engine dynamometer. The hydraulic
dynamometer is considered to be a promising choice for next-generation dynamometers because
to its advantageous characteristics, including high power density, low motion, and wide
bandwidth. The goal of the current study is to examine a number of variables that impact fluid
coupling performance for both single and two inputs. The factors being examined in this study
include fluid properties with different viscosities, the amount of fluid filled in the fluid coupling,
and the speed ratio between the driving and driven parts.

Description of Test model setup:

IMPELLER UNNER

Brake Drum

Dynamometer
s HTE

_4_________________ S ¢ A—y. .

o] o
INPUT SHAFT/ T HIH

| %__ UTPUT SHAFT
SHAFT HOUSINGS

Fig. 1: Single Input Fluid Coupling Test setup Fig. 2: Schematic diagram of Single
nput Fluid Coupling
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There is very little space among the trailing and leading edges of the pump's impeller and the
turbine runner, and the two are positioned side by side. A commonly employed impeller/runner
design in traditional pumps or turbines consists of 24 radial vanes with a face angle of 150 degrees.
Figures 1 and 2 depict a standard single input fluid coupling. The impeller is mechanically linked
to the input shaft, which is in turn paired with an induction motor. The runner, on the other hand,
is connected to the output shaft, which is also linked to a brake dynamometer. The figure 3 and
figure 4 illustrate a standard hybrid fluid coupling with two inputs. The first impeller is linked to
the exterior input shaft, while the second impeller is attached to the interior input shaft. The runner
is mechanically linked to the output shaft, which in turn is hooked to a brake dynamometer.

IMPELLER-1 UNNER
Brake Drum IMPELLER-?
Dynamometer
= e N
Induction Mator-1 % | L —|
Hybrid Fluid Coupling T - H
TR AN i 1

g ) J -

1]
L —= ]

| R /
i UTPUT SHAFT

INPUT SHAFTS-1

Fig. 3: Two Inputs Fluid Coupling Test setup Fig. 4: Schematic diagram of Two
Inputs Fluid Coupling

The test configuration for the performance test comprises the following components:

Motor: The electric motor serves as the primary driving mechanism for the experimental
configuration. The technical characteristics of the motor are described below in Table 1.
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Table : 1 Technical characteristics of the motor

Input Power of the Motor-1 | 0.5 HP Input Power of the Motor-2 | 0.25 HP
Number of poles 4 Number of poles 4

Speed 1500 RPM Speed 1500 RPM
Power Factor 0.85 Power Factor 0.85
Frequency 50 Hz Frequency 50 Hz

No of phase Single Phase No of phase Single Phase
Rated voltage 240V Rated voltage 240V

Rated current 30A Rated current 30A

Brake Drum Dynamometer: Design specifications of the dynamometer are as follows

Speed

Type
Cooling

Brake Drum Diameter

Belt thickness

Up to 1500 RPM

Brake Dynamometer-Belt type
Water cooled

120 mm

6 mm

Fluid Coupling: The elements of the fluid coupling, as well as the standards utilized in this
experiment, are outlined below.
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Impellers/Runner: 3. Casing (Acrylic)
Outer Diameter 127 mm Outer Diameter 139 mm
Dia. of Impeller Eye 65 mm Inner Diameter 130 mm
No. of Vanes 24 Thickness 5 mm
Length of Vane 31 mm Length 49 mm
Width of Vane 10 mm 4. Shaft (Impeller-II)
Thickness of Vane 1.5 mm Length 87 mm
Face Angle of the Vane 150 Outer Diameter 35 mm
Inner Diameter 30 mm
Shaft (Impeller-I and Runner) S. Impeller/ Runner H using
Length 140 mm Outer Diameter 170 mm
Diameter 30 mm Inner Diameter 130 mm
Groove depth 5 mm

e |

Fig. 5: Impeller/Runner Fig.6: Schematic diagram of
Impeller/Runner

Working Fluid:

The selection of the working fluid for the fluid couplings is a crucial parameter in the system. The
determination of the viscosity of the fluid is conducted by the Society of Automotive Engineers
(SAE). Kinematic viscosity is a more common name for viscosity and is generally expressed in
stokes (St) or centistokes (1 St=10.01 cSt). As the numerical value increases, so does the level of
viscosity. A substance with high viscosity exhibits a greater degree of resistance to flow, whereas
a substance with low viscosity demonstrates a lesser degree of resistance to flow. The relationship
between viscosity and temperature is inversely proportional. The viscosity of a substance is also
influenced by changes in pressure. An rise in pressure leads to a corresponding increase in
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viscosity, thereby enhancing the oil's load bearing ability. This study investigates the performance
of SAE 10, SAE 20, SAE 40, and SAE 90 oils under varying filling capacities.

Step by step process of Test:

The next section provides a comprehensive outline of the step-by-step approach for conducting a
performance test.

1. SAE 10 oil should be placed into the SIF coupling. The amount of oil is measured in
order to determine a certain percentage of oil.
2. Initiate the activation of the motor and allow for a period of time to elapse until it attains

a state of equilibrium. Subsequently, proceed to introduce the load onto the Dynamometer. It is
advisable to delay any action until the speed has achieved a level of equilibrium. Take note of the
dynamometer load, input and output RPM measurements.

3. Please proceed to alter the load applied to the dynamometer and afterwards document all
the recorded measurements once more.
4. Cease the operation of the motor and proceed to augment the volume of oil within the

fluid coupling in order to get the desired level of filling capacity. Subsequently, execute the test in
accordance with the previously provided instructions.

5. Next, proceed to detach the fluid couplings from the bench that will be tested and proceed
with the task of filling it with various fluids such as SAE 20, SAE 40, and SAE 90. Following this,
perform the identical testing technique as previously conducted.

6. Please replicate the identical testing methodology for the Two Inputs Fluid Coupling as
well.

Results and Discussions.

The performance test was conducted using a range of viscous fluids at varying filling capacities,
and the outcomes are illustrated in Figures 7 to 10.
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Velocity ratios for different viscous fluids at varying filling capacity for single-input and
dual-input fluid couplings:
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Fig.7: Effect of SAE 10 on speed ratios Fig.8: Effect of SAE 20 on speed ratios
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Fig. 9: Effect of SAE 40 on speed ratios Fig. 10: Effect of SAE 90 on speed ratios

or all fluids (SAE 10, SAE 20, SAE 40, and SAE 90), it has been found that while filling capacity
rises, speed ratios also increase until a certain point, at which point they both slightly decrease for
fluid couplings with one input and two inputs. The findings indicate that fluids with lower
viscosity, such as SAE 10 and SAE 20, yield a more favorable speed ratio, whereas fluids with
higher viscosity, such as SAE 40 and SAE 90, result in a less desirable speed ratio. The Single
Input Fluid Couple exhibits maximum speed ratios of 0.93 (as shown in Figure 7) and 0.90 (as
shown in Figure 8) for SAE 10 and SAE 20, respectively. Similarly, for SAE 40 and SAE 90, the
highest speed ratios are 0.89 (as depicted in Figure 9) and 0.85 (as illustrated in Figure 10),
respectively. Figures 7 and 8 show the maximum speed ratios for SAE 10 and SAE 20 with Two
Inputs Fluid Coupling, whereas Figures 9 and 10 show the maximum speed ratios for SAE 40 and
SAE 90, both of which are 0.95. Fluids with low viscosity initiate the transfer of power when they
are filled to low capacities.
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Comparison of SAE 10 Power Output for Single and Two Input Fluid Couplings with Various
Fluid Filling Capabilities:

0,

555 SAE 10 at 70% 260 SAE 10 at 80%
% 200 & 200
(V] ]
E 150 +F.C E 150
5 100 2 *H.F.C £ 100 *F.C
Q. jon 2
5 50 - 5 50 - 5 x H.F.C
o o :

0 - 0
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Input Power P1

150 200 250 300 350 400 450
Input Power P

Fig. 11: Effect of SAE 10 on Output Power at Fig. 12: Effect of SAE 10 on Output
Power at70% filling capacity 80% filling capacity

Figs. 11, 12, and 13 show the output of SAE 10 at 70%, 80%, and 90% filling levels for both
single-input interfaces and two-input interfaces. The data shown in these figures shows that the
output of a two-input fluid coupling is greater than that of a single-input fluid coupling at varying
filling capacities. As the storage capacity of the system grows, there is an initial increase in the
output power up to a certain point, after which it subsequently decreases, as seen in the figures.

Comparison of SAE 20 Power Output at Various Fluid Filling Capabilities for Single and Dual
Input Fluid Coupling

SAE 20 at 70% SAE 20 at 80%
250 250
o o~ xx
A 200 a.200
— —
[} [}
2 150 - 2150
o o
Rt Lo
=100 -+ * F.C 5 » F.C
2 a oo
= x> = *H.F.C
3 50 : 3 5o 4
0 >
150 200 250 300 350 400 450 0 T ‘ " '
150 200 250 300 350 400 450
Input Power Pi Input Power Pi
Fig. 14: Effect of SAE 20 on Output Power at Fig. 15: Effect of SAE 20 on Output
Power at70% filling capacity 80% filling capacity
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Fig. 16: Effect of SAE 20 on Output Power at90% filling capacity

Figures 14, 15, and 16 demonstrate the power output for SAE 20 at 70%, 80%, and 90% filling
capacities for single and two input fluid couplings. The data shown in these figures demonstrates
that the electrical output of the two-input fluid coupling surpasses that of the single-input fluid
coupling across various filling capacities. As the filling capability is increased, the output power
exhibits an initial increase up to a certain point, after which it subsequently decreases, as seen in
the accompanying figures.

Comparison of SAE 40 Power Output between Single and Dual Input Fluid Couplings, with
Increasing Fluid Filling Capacity

250 SAE 40 at 70% 250 SAE 40 at 80%
o o
%500 & 200
Q [
5150 g 150 A
o o
£100 xF.C £ 100 - +F.C
g = H.F.C
= *H.F.C =] 1 x H.F.
g 50 3 5o
0 T | 0 ! T
150 200 250 300 350 400 450 500 150 200 250 300 350 400 450 500
Input Power P1 Input Power P1
Fig. 17: Effect of SAE 40 on Output Power at Fig. 18: Effect of SAE 40 on Output
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90% filling capacity
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Figs. 17, 18, and 19 display the power output for SAE 40 at 70%, 80%, and 90% filling capacity
for both single-input and two-input fluid couplings. These numbers show that the power output of
the two-input fluid coupling is greater than that of the single-input fluid coupling throughout a
wide range of fluid volumes. The statistics demonstrate that as the volume grows, the output power
rises to a maximum before falling down.

Various fluid filling capacities and their effects on SAE 90 power output were compared for both
single- and dual-input fluid couplings
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Input Power P1 |
Fig. 20: Effect of SAE 90 on Output Power at Fig. 21: Effect of SAE 90 on Output
Power at70% filling capacity 80% filling capacity
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Fig. 22: Effect of SAE 90 on Output Power at 90% filling capacity

Tables 20, 21, and 22 display the power output for SAE 90 at filling capacities of 70%, 80%, and
90% for both single-input and two-input fluid couplings. These numbers show that the electrical
output of the two-input fluid coupling is greater than that of the single-input fluid coupling
throughout a wide range of fluid volumes. The statistics demonstrate that as the volume grows, the
output power rises to a maximum before falling down.

Table. 1: Maximum Power Output for Single Input & Two Inputs Fluid Couplings
Filling Maximum Power Output (W)

S.No. [Fluid (Capacity [Single Input FluidTwo Inputs Fluid
(%) Coupling Coupling Fig. No.

*r H.F.C

4758




China Petroleum Processing and Petrochemical Technology

Catalyst Research Volume 23, Issue 2, December 2023 Pp. 4747-4762
1 SAE 10{70 53 116 11
2 80 72 190 12
3 90 161 204 13
4 70 75 132 14
S SAE 20[80 94 225 15
6 90 116 227 16
7 70 65 108 17
8 SAE 4080 39 173 18
0 90 106 199 19
10 70 24 109 20
11 SAE 90180 27 111 21
12 90 75 120 22

Table 1 displays the highest power outputs for SAE 10, SAE 20, SAE 40, and SAE 90 Single Input
and Two Input Fluid Couplings at 70%, 80%, and 90% filling capacities, respectively.

Conclusions:

Experimental studies on Single Input and Two Inputs Fluid Coupling with varied viscosity fluids
and fluid filling capacities led to the aforementioned findings, which are summarized below.

1. The impact of the power source on the speed ratio is examined with the help of Figs. 5-
8. It is found that the velocity ratio is higher for a two-input shaft fluid coupling than for a single-
input shaft fluid coupling.

2. Based on the analysis of Figures 5-8, it can be noted that the rotational motion of the
output shaft in the Two Inputs shaft Fluid Coupling initiates when the fluid linking is filled with a
lesser capacity in comparison to the Single Input shaft Fluid Coupling.

3. Based on the analysis of Figures 9 to 20, it can be observed that the Two Inputs shaft
Fluid Coupling exhibits a greater output power in comparison to the Single Input shaft Fluid
Coupling.

4. The data indicates a positive correlation between the fluid filling capacity and the output
power in both the Single Input and Two Inputs scenarios. A fluid coupling is a device used in
mechanical engineering to transmit power between two rotating shafts. It operates by using a fluid
medium

5. It has been noted that low viscosity fluids, such as SAE 10 and SAE 20, have a superior
power transfer capability in both single input and two inputs scenarios. Fluid couplings are
mechanical devices that transmit rotational power between two shafts using a fluid medium. They
are commonly used in many industrial.
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