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Abstract
The present work experimentally investigated the Oxy-Hydrogen (HHO) electrolyzer using perforated Stainless Steel (SS) plates electrodes.
Several experimental runs are made to find out the optimum conditions for HHO gas generation based on the applied current, voltage and
electrolyte concentration rate. Electric current and rate of HHO produced are measured with different Potassium Hydroxide (KOH)
concentrations to find out the optimal concentration ratio versus rate of HHO volume production. The experimental set up is installed in the
Solar Energy Department, National Research Centre, Dokki, Cairo, Egypt. The system consists of several electrolysis cells, each with a
different number of electrodes and neutral plates placed between them to achieve maximum gas generation rate. Both neutral plates and
electrodes were prepared from SS 316 L sheet with a thickness of 2 mm and by using a laser cutting machine the perforated shape is made.
Different KOH concentrations were used from 5 to 40 wt% in all studied cells. Consequences prove that the production rate of HHO gas has
increased significantly by increasing electrolyte concentration, reaching the optimum value at 30 wt% of potassium hydroxide concentration.
Moreover, the generation rate of HHO gas using perforated plates is higher than that of solid plates and it was increased as the number of cells
and number of neutral plates increased.
Keywords: Perforated electrodes, KOH concentrations, Oxy-hydrogen, HHO electrolyzer, Water electrolysis

1. Introduction
As a result of population growth, the use of cars has expanded dramatically, leading to the excessive use of fossil fuels, and,
consequently, the spread of pollution, which must be mitigated by using renewable resources [1]. From this standpoint, Oxy-
Hydrogen (HHO) gas is considered as an altrenative encouraging fuel that offers multiple features such as zero carbon
emissions, rapid combustion rate, high oxygen content, and superior inflammability [2] [3]. Therefore, HHO gas has the
capability to solve the problem of petroleum fuel deficiency as is used in internal combustion engines, metal cutting, welding
[4] [5]. In the alkaline electrolytic medium, the chemical bond between H2 and O2 is broken by electrical energy generated by
an electrolyzer. As a result, the molecules of water are divided into oxygen and hydrogen by using a diaphragm as shown in
equation (1), with minimum emissions of greenhouse gases. But, in the absence of this diaphragm, oxygen and hydrogen
gases combined to form oxy hydroxy gas, which provides an auxiliary fuel [6].
H2O(l) + Electric Energy H2(g)+0.5 O2(g) [1]
When the current density is higher, the alkaline electrolysis efficiency becomes better, by reducing the energy losses caused
by gas bubbles and ohmic losses [7–10]. Bubbles from oxygen and hydrogen gases cause losses, resulting in a decrease in the
electrolyte conductivity and clogging of the electrodes active area [11-13]. These bubbles take up most of the volume of the
electrolyzer causing energy losses. Therefore, perforated electrodes are recommended to be used to facilitate the passage of
gas and water [14] [15]. Therefore, a zero-gap alkaline water electrolysis cell having different types of electrodes should be
used [16,17], such as perforated [18], foam [19], and mesh electrodes [20]. The electrical conductivity of the electrolyte
solution must be increased to efficiently generate hydroxy gas. Therefore, a mixture of distilled water and a catalyst can be
used as an electrolyte solution. Various catalysts are available, but the most favorable type is Potassium Hydroxide (KOH),
because it is compatible with metal components. Numerous technologies for generating hydrogen and their ecological
impacts have been investigated in [21]. A significant amount of carbon emissions is produced from the Steam Methane
Reforming (SMR) process. Therefore, carbon must be stored and captured using new techniques to reduce the undesirable
ecological impacts, irrespective of their high production rate and cost effectiveness. Electrolysis needs sources of renewable
energy to produce more efficient energy. Converting biomass to gas produces no carbon emissions but is less energy efficient.
Finally, each method has advantages and disadvantages in terms of ecological impacts, affordability, scalability, and
performance.
For minimizing ecological pollution and fuel consumption, hydroxy gas can be used for vehicles and other applications in the
society. In this regard, the parameters affecting the hydroxy gas generators were studied in [5] using water electrolysis with a
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dry fuel cell. These parameters include concentration of the electrolyte with range being 0.05 - 0.20 M, and applied voltage
with range being 10.5 - 13 V. The optimal concentration of KOH and applied voltage range for hydroxy gas generation are
0.05 - 0.10 M, and 11.5 -12 V respectively. In this case, there is 53.79% generator efficiency, 3.43 kWh/m3 specific energy,
and the highest productivity is 343.9 cm3/min at electrolyte concentration of 0.10 M and applied voltage of 12 V. Therefore,
modifying parameters affecting HHO gas generators is critical to generate HHO gas efficiently. HHO gas generation using a
dry cell hydroxy generator was reported in [22], where electrolytes concentration, electrolyte types, plate configurations, and
material types of electrodes were studied. Results revealed that the solution conductivity is directly proportional to the
electrolyte’s concentration. Compared with Sodium Bicarbonate (NaHCO3) and NaOH, KOH is the most suitable electrolyte
for generating HHO gas. On the other hand, the appropriate conductive electrodes than graphite, copper and iron are stainless
steel, due to the absence of deposits during electrolysis and have excellent resistance to electrical corrosion. Also, adding more
neutral plates and electrodes will maximize the gas generation rate. lessen the gap between electrodes and enlarging their
cross-sectional area, will increase the operating current and the HHO gas production rate. Dry cells offer more benefits than
wet cells and greater safety. Hydroxy generator efficiency and discharge are affected by the holes that are punched on the
electrodes. Therefore, sets of 2, 4, and 9-hole perforated electrodes were fabricated and used to demonstrate the HHO gas
generator performance, it is found that hole's numbers are directly proportional to the efficiency and HHO gas production rate
[23]. Power consumption rises at the beginning of the process, reaches a peak value, and then decreases over time. Developing
and fabricating a dry cell type HHO gas generator featuring high energy-conversion efficiency using locally obtainable
materials, and ease of manufacturing is the major objective of the present work. Numerous parameters impacting the hydroxy
gas generator performance have been studied.

2. Experimental Setup
2.1 Design and Fabrication of HHO Cells System
The experimental setup shown in figure 1 consisted of several electrolysis cells, mounted on a test-rig, each with a different
number of electrodes and neutral plates placed between them to achieve maximum gas generation rate. Each cell has an inlet
valve for the electrolyte solution to enter, and an outlet valve for the HHO gas to exit. The cells are connected to three tanks,
storage tank containing the electrolyte solution, which is fed into the cells through water valves. The second tank receives
HHO gas coming out of the cells through the water valves with some drops of water. The water droplets went down to the
bottom of the tank, while the HHO gas is directed to the third tank (bubbler tank) which acts as gas storage. If there are some
drops of water inside the bubbler tank, they are transferred back to the storage tank. The HHO gas exits the bubbler tank
heading towards the production rate measuring device. Electric panel with several on-off switches for each cell is installed to
provide the required electrical current for each cell to for the electrolysis process.

2.2 Manufacturing HHO Cells
The HHO generator was designed and manufactured as shown in figure 2. It consists of several parts, such as two base

plates made of heat-resistant acrylic plastic (cell frame) with dimensions of 24.4 cm x 24.4 cm with a thickness of 8 mm that
acts as housing for the HHO cell. One acrylic plate has been punched from the lower, and the other from upper, to allow the
electrolyte to enter and the gas to exit, respectively. For the electrodes and neutral plates, 316 L perforated SS square plates of
150 mm x 150 mm and 2 mm thick are used according to their suitable characteristics as shown in figure 3. Bubbles from
oxygen and hydrogen gases cause energy losses, resulting in a decrease in the electrolyte conductivity and clogging of the
electrodes active area. Therefore, perforated electrodes are used to facilitate the passage of gas and water. Care must be taken
to avoid contact of neutral plates by electrodes, therefore, neutral plates were cut from the two upper edges, while electrodes
were cut from only one upper edge. Furthermore, electrodes were drilled from the lower and upper middle by 13 mm for
allowing the electrolyte to enter and the gas to exit. There is also another 10 mm diameter hole made in the electrodes upper
edge to conduct the electric charge across two rods. Among the electrodes were rubber gaskets with the same dimensions as
the electrodes. These gaskets are made of corrosion resistant rubber, preventing adjacent plates from touching each other as
shown in figure 4. An air tube elbow connectors fixed to the cell frame are used as the cell electrolyte inlet and gas outlet.
These connectors are connected to a silicon hose with 12.5 mm diameter for receiving the electrolyte and releasing the gas.
Nails or screws were used to connect the two acrylic plates containing stainless steel plates inside. They should be tightened
gently to prevent electrolyte or gas leakage and to avoid tearing any of the acrylic plastic covers. On the other hand, KOH was
mixed with purified water to obtain high electrolytic conductivity and raise the flowing current. Figure 5 shows the
manufactured system of the HHO gas generator comprises acrylic plates, rubber gaskets, electrodes, electrical wires,
pneumatic connectors, hoses, and screw nuts are used to connect the generator structure.

2.3 Experimental Procedure
The cells installed on the test rig will be tested in terms of the HHO production rate. The test is carried out for each cell
separately based on the concentration rate of the electrolyte solution as each cell differs from the other according to the
number of electrodes and perforated SS plates placed between electrodes to distribute the gas. Therefore, each tested generator
was labelled, for example 2C 4N, where "C" and "N" refer to the number of cells and neutral plates within the generator. Thus,
the first cell has solid plates 1C 1N, the second cell has perforated plates 1C 1N, the third cell has perforated plates 1C 2N, the
fourth cell has perforated plates 1C 3N, the fifth cell has perforated plates 2C 2N, and the sixth one has perforated plates 2C
3N. At the beginning of the experiment, the electrolyte solution must be prepared at a desired concentration. Since KOH is the
catalyst that can be used, a digital electrical balance of one gram accuracy is used to weigh it.
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Figure 1: HHO gas generators system.

Figure 2: Assembly drawing of HHO gas generator structure [5].

Figure 3: (a) Solid electrode and neutral plates, (b) Perforated electrode and neutral plates.
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Figure 4: (a) Rubber Gaskets used, (b) Position of the rubber gaskets inside the cell.

A measurable KOH quantity is mixed with one Liter of pure water to provide a highly conductive electrolyte, which is then
poured into an HHO gas generator. Thus, a homogeneous solvent was obtained. The potassium hydroxide percentage used is
six levels 5, 10, 15, 20, 25, 30, 35 and 40 wt%. The level of electrolyte is located approximately 15 mm below the gas orifice.
The HHO cell is powered by a 12V-DC battery which is charged from solar photovoltaic system. When an electric current
flows, water molecules decompose, with the negative electrode collecting hydrogen gas, while the positive electrode collects
oxygen gas. There is a combination of one-third oxygen and two-thirds hydrogen bound with each other, then rising out of the
cell. Table 1 displays the overall descriptions of the constructed HHO gas generator.

Figure 5:Manufactured HHO gas generator.

Table 1: Descriptions of the Constructed Electrolyzer
Factors Specifics

Type of HHO generator Dry cell
Main dimensions of the cell frame 240 x 240 x 80 mm
Electrodes and neutral plates 316 L Stainless steel

Main dimensions of the perforated
electrodes and neutral plates

150 x 150 x 2 mm

Gasket's thickness 2 mm
Plate design (1C 1N) S, (1C 1N) P, (1C 2N) P, (1C 3N) P,

(2C 4N) P, (2C 3N) P
Input DC voltage 12 V–DC

Catalyst of electrolyte KOH
Type of water Distilled water
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Reactions taking place are as follows [24]:
Cathode (reduction) reaction: 2H2O + 2e- →H2 + 2OH- [2]
Anode (oxidation) reaction: 4OH- →O2 + 2H2O + 4e- [3]
Overall reaction: 2H2O→ 2H2 (g) + O2 (g) [4]

The equipment and tools used in the present work, and the experimental setup are shown in Figure 6 and 7, where the cells on
the test rig are fed with the KOH electrolyte solution from the storage tank. The HHO gas liberated from the cells is then
discharged into the bubbler tank through water valves towards the HHO production rate measuring device to measure the
HHO gas flow rate. The generated HHO gas was evaluated via movement of water below atmospheric pressure. HHO gas
comes out the bubbler tank and rises into the open water pool, forcing water down into the inverted graduated cylinder. The
volume of gas collected in the graduated cylinder per unit of time was measured as the HHO flow rate. Therefore, to evaluate
the performance of the HHO gas generator, the productivity of HHO gas generator can be calculated from the following
equation (5):

Where:
Qg: is the productivity of HHO gas generator (Liter/min)
VHHO: is the volume of HHO gas (Liter)
T: is the operating time (min)

The specific energy requirement [ES (W min/L)] was calculated by using the following equation [5]:

where P is the consumed power (W) and Qg is the productivity of HHO gas

Figure 6: Raw materials and tools used in the present work.

Figure 7: Experimental Setup of HHO gas generator.
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Faraday Efficiency
At electrodes, the rate of electron transfer affects the H2 production, according to faraday’s law, which is proportional to the
external circuit electrical current. Conversely, in the electrolyzer, the highest practical to theoretical volume of H2 generated, is
called Faraday’s efficiency. In terms of temperature, the higher the temperature, the lower the resistance, the lower the
Faraday’s efficiency, and the higher the current losses, which can be shown by equation [7].

According to the above equation, f1 and f2 are constant values, while (I) is the current flowing through the HHO generator.
On the other hand, from figure 3, the area of electrodes will be calculated by subtracting the area of holes (Aholes) drilled in
the perforated plates, the area of the cutt-off part from the electrodes upper edges (Acut) to avoid contact of neutral plates by
electrodes, and the area of the holes drilled for electrolyte inlet and gas outlet (Aele. in & gas out) from the total area.
Where
Aele = Atotal - Aholes - Acut - Aele. in & gas out [8]
Aholes =
Acut =2 * [0.5 * L * H] [10]
Aele. in & gas out = 2 * [11]
f1= 200 (mA2/cm-4)
f2 = 0.985
Based on these data, the faraday efficiency value is 0.98

Polarization resistance (Rp)
Polarization resistance (Rp) of a corroding metal is defined using Ohm’s Law as the slope of a potential (E) vs current density
(log i) plot at the corrosion potential (Ecorr). Here Rp =(ΔE)/(ΔI) at E=0. By measuring this slope, the rate of corrosion can be
measured. The correlation between and slope (dI)/(dE) is given by [25] [26]:

[12]

Where is the corrosion current density [mA/cm2], and and are Tafel slopes.

Corrosion rate (CR)
The corrosion rates are generally monitored using the Linear Polarization Resistance (LPR) method, via a computer-controlled
interface system and is given by [25] [26] [27]:

CR = C.
For 316L stainless steel

: is the density = 8 (g/cm3)

: is the corrosion current density (mA/cm2)

M: is the atomic weight = 55.8 (g/mol)

n: is the number of electrons involved = 2

C: is a constant value = 3.27

On the other hand, corrosion rate is given as the decrease in thickness per time unit according to the corrosion that has occurred,
and thus, the life of the 316L stainless steel is determined by [26]:

SS Lifetime =
Where (t) is the electrode thickness

3. Results and Discussion
The oxy-hydrogen generation system operated by a photovoltaic module was experimentally investigated to achieve a high
flow rate of HHO gas by means of the most suitable factors.
3.1 Effect of Electrolyte concentrations
The performance of the HHO generator depends greatly on the electrolyte conductivity, so, specifying the electrolyte catalyst
concentration is very sensitive because the gas generation process is more efficient if the concentration is high. But, if the
concentration exceeds the required limit, it leads to severe corrosion of the electrodes. Thus, the appropriate concentration
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relies on the electrolyte catalyst type. Because potassium hydroxide is a powerful catalyst, it can be used in this work using 5 -
40 wt%. Results demonstrated that, at approximately 30 wt% of KOH, the HHO gas flow rate and the flowing current were in
a highly efficient state. This means that the pure water was saturated with potassium hydroxide at this percentage and reached
its highest conductivity. In other words, the generated hydroxy gas increased gradually with increasing the KOH concentration
and when the concentration exceeds 30 wt %, the flow rate of HHO gas begins to decrease. Figure 8 presents the behavior of
the 1C-1N solid generator at various concentrations. As can be seen, the HHO gas flow rate was recorded at 30 ml/min at 30
wt %, and 17.6 ml/min at 5 wt %, which are the maximum and minimum values flow rate, respectively. Figure 9 presents the
behavior of the 1C-1N solid generator at various concentrations. It can be observed that the flowing current was recorded 3.5
A at 30 wt %, and 2.3 A at 5 wt %, which are the maximum and minimum values of current, respectively. It can be concluded
that, until the concentration reaches 30 wt %, corrosion of SS does not occur, this indicates an optimal conductivity of this
electrode material.

Figure 8: Behaviour of the 1C-1N solid generator at various concentrations as a function of HHO gas flow rate.

Regarding previous research, A. Ramadan [28] demonstrated that at 30 wt % of KOH, the hydrogen gas flow rate and the
flowing current were in a highly efficient state using a dry cell. While at this concentration, the hydrogen gas flow rate and the
flowing current were recorded as 27.5 ml/min and 3.1 A respectively, which are the highest values for both. It can be
concluded that these data are consistent or nearly close with the reported data in the present work as shown in Figure 10 and
11.

Figure 9: Behaviour of the 1C-1N solid generator at various concentrations as a function of flowing current.
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Figure 10: Behaviour of the electrolyzer cell at various concentrations as a function of hydrogen volume flow rate for 1C-1N
solid cell and A. Ramadan et al., 2015.

The optimal KOH concentration range for hydroxy gas generation is 5 - 30 wt%. At this concentration range, The range of
HHO gas flow rate for the (1C 1N) P, (1C 2N) P, (1C 3N) P, (2C 4N) P, (2C 3N) P generators are 275.35 - 688.35 ml/min ,
285 - 780.6 ml/min, 300 - 915.5 ml/min, 350 - 1100.4 ml/min, and 384 - 1210 ml/min respectively, as shown in figures 12 to
16.

Figure 11: Behaviour of the electrolyzer cell at various concentrations as a function of flowing current for 1C-1N solid cell
and A. Ramadan et al., 2015.

It can be concluded that the generated hydroxy gas increased gradually with increasing the KOH concentration and when the
concentration exceeds 30 wt%, the flow rate of HHO gas begins to decrease because severe corrosion of the electrodes will
occur after the concentration reaches 30 wt%.
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Figure 12: Behaviour of the 1C-1N perforated generator at various concentrations as a function of HHO gas flow rate.

Figure 13: Behaviour of the 1C-2N perforated generator at various concentrations as a function of HHO gas flow rate.

Figure 14: Behaviour of the 1C-3N perforated generator at various concentrations as a function of HHO gas flow rate.
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Figure 15: Behaviour of the 2C-2N perforated generator at various concentrations as a function of HHO gas flow rate.

Figure 16: Behaviour of the 2C-3N perforated generator at various concentrations as a function of HHO gas flow rate.

Figures 17 and 18 show the behaviour of all cells at various concentrations as a function of HHO gas flow rate and flowing
current. It can be concluded that both hydroxy gas flow rate and current are directly proportional to the KOH concentration up
to reaches 30 wt%. The HHO gas flow rate and flowing current values for 2C-3N perforated generator were recorded as 1210
ml/min and 46 A respectively 30 wt%. Where the HHO gas flow rate and flowing current values for 1C-1N solid generator
were recorded as 688.35 ml/min and 3.5 A respectively 30 wt%. This means increasing the number of cells and perforated
plates results in more HHO gas being generated.
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Figure 17: Behaviour of solid and perforated cells at various concentrations as a function of HHO gas flow rate.

Figure 18: Behaviour of all cells at various concentrations as a function of flowing current.
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In order to assess the reliability of the measurements, the statistical analysis would be performed. The mean value of the hydrogen
production rate for each cell is shown in the figure 19, and the standard deviation of the mean is performed.

Figure 19: The mean values of the hydrogen production rate for each cell and the standard deviation of each mean.

Electrolyte temperature was measured during the experimental work at each concentration and recorded. It can be observed
from figure 20 that, as the concentration increases, the electrolyte temperature increase. On the other hand, the 2C-3N
perforated achieve a highest temperature value, which has 30.8 0C and 40.6 0C at 5 and 40 wt% respectively.

Figure 20: KOH concentration versus electrolyte temperature.

Power consumption will be calculated by multiplying the input voltage (12 volt) by the current flowing through the generator,
where the current varies depending on the change in the KOH concentration in the electrolyte solution. Since the 2C-3N
perforated cell achieved the better hydrogen production rate, therefore figure 21 shows power consumption versus its
hydrogen production rate. The results show that at a rate of 1210 ml/min, the maximum power consumption reaches 552 Watt.
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On the other hand, the specific energy consumption is determined by dividing the power consumption by the productivity of
the HHO gas as shown in equation (6). Therefore, it can be concluded that as the productivity of the HHO gas increases, the
power consumption increases.

Figure 21: Hydrogen production rate versus power consumption for 2C-3N perforated cell.

Polarization resistance of the 316L SS immersed in KOH electrolyte solution for generating HHO gas from oxy-hydrogen
generator is shown in figure 22. Results show that, i_corr is given as 0.1 (µA/cm2), therefore, the corrosion rate value of the 316L
SS is calculated from equation (13) which 1.14 (µm/year).

Figure 22: Experimental polarization curves for 316L SS in KOH solution.
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4. Limitations in designing an HHO gas generator
Constructing and operating an HHO generator presents a range of interrelated technical, material, and operational challenges.
4.1. Electrode Degradation from Corrosion:
While 316L stainless steel is more resistant to corrosion than other grades, it's not completely immune to the corrosive effects
of the KOH electrolyte, especially at higher temperatures and current densities which leads to reduced performance over the
long-term.

4.2. Reduced Efficiency:
Corrosion products can deposit on the electrodes, reducing the effective surface area and hindering gas production. Higher
current densities, while increasing gas production, can also lead to increased heat generation and electrolyte evaporation,
decreasing overall efficiency. While higher temperatures can improve reaction kinetics, excessive heat can also lead to steam
production, reducing the volume of HHO gas and lowering efficiency.

4.3. Electrolyte Contamination:
Iron ions from the corroding electrodes can contaminate the electrolyte, potentially affect its conductivity and further impact
performance. Also, the deterioration of seals and gaskets, and electrode fouling reduced system efficiency and reliability.

4.4. Safety Concerns:
Explosive Gas:
HHO gas is highly flammable and can explode if ignited, especially at higher concentrations or pressures. All safety concerns
should be taken in consideration while using HHO gas.
Flashback Risk:
The rapid combustion of HHO can lead to flashback, where the flame travels back into the generator, potentially causing
damage or explosion. Therefore, flashback arrestor should be installed in the system outlet component
Pressure Buildup:
If the HHO gas is not properly vented, pressure can build up in the generator, increasing the risk of explosion.

4.5. Sealing and Leakage:
Proper sealing of the generator is crucial to prevent electrolyte leakage and ensure safe operation.
These limitations underscore the need for careful material selection, rigorous system design, and realistic expectations
regarding the performance and application of HHO technology. In summary, while 316L stainless steel and KOH offer a
reasonable starting point for HHO generation, careful consideration of these limitations is essential for designing a safe,
efficient, and durable system.

5. Conclusion
The present work aimed to conduct experimental investigations on the influence of electrolyte concentration on the generation
of oxyhydrogen gas. Therefore, the performance of several generators at different electrolyte concentrations of KOH solution
in terms of HHO gas generation and flowing current at 12V is experimentally investigated. Several test runs are carried out for
each cell separately, as each cell differs from the other according to the number of electrodes and perforated SS plates placed
between electrodes to distribute the gas. It can be concluded that the perforated stainless steel current collector plates are more
effective than solid plate that creates losses due to gas bubbles arise from hydrogen and oxygen bubbles. Consequently, the
active sites on the electrodes will be blocked and the conductivity of the electrolyte solution is reduced. This means increasing
the number of cells and perforated plates, resulting in the generation of more HHO gas. Therefore, the 2C-3N perforated cell is
the best cell producing HHO gas in the studied system. Regarding the electrolyte concentration, the study proved that 30 wt%
is the optimum value for generating the highest HHO gas flow rate of 1210 ml/min and the highest flowing current of 46 A
from the 2C-3N perforated cell. But, when the concentration exceeds 30 wt%, the flow rate of HHO gas begins to decrease
due to severe corrosion of electrodes. The model has been validated with previous work obtaining considerable satisfactory
results.

6. Abbreviations

Number of CellsC
Carbon MonoxideCO
Sulphoric AcidH2SO4
HydrocarbonHC
Oxy-HydrogenHHO
Potassium HydroxideKOH
MoleM
Number of Neutral PlatesN
Sodium ChlorideNaCl
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Sodium BicarbonateNaHCO3

Sodium HydroxideNaOH
Productivity of HHO Gas Generator (L/min)Qg

Stainless SteelSS
Operating Time (min)T
Volume of HHO Gas (Liter)VHHO

Concentration Percentage by Weightwt%
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