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HYDROELECTRIC ROAD RAMP

Purpose. The purpose of the study was to elaborate on a renewable source of energy using daily vehicles' traffic.
The research question was how to produce electricity by using vehicle's kinetic energy and water-contained energy.
In this paper «hydroelectric road ramp» is described as an auxiliary energy source which can be used in smart cities.
Methodology. By conducting the literature review of adjacent methods and existing inventions, combining princi-
ples of work of these inventions, the system for producing electricity without destroying nature has been designed.
Findings. Based on the supposition that 200 vehicles per hour pass over a ramp, the findings show that power gen-
erated by the system equals to 405,34 W. Considering the fact, that city roads function around the clock we can mul-
tiply the obtained result by 24 hours. Thus, we can accumulate a lot of electricity for efficient using in necessary
goals. Even considering the fact that road capacity is different hour by hour, there is an opportunity to generate
enough electricity for its conservation and further usage. Originality. From one side ‘hydroelectric road ramp’ is the
system of generating electricity by using principles of work of conventional hydroelectric power station and pneu-
matic water sprayer, from the other side it is a speed breaker which may improve the safety conditions on the road.
Practical value. The calculations we obtained led us to the theoretical conclusion that electricity getting from new
source can be effectively used in the 'smart city' such as: powering street lights, traffic lights or serve as a comple-
mentary source of energy for e-mobiles charging points.

Keywords: alternative energy; kinetic energy; water-contained energy; electricity; smart city; speed breaker

tested in some countries and proved its effective-
Introduction ness or 'Design of Power Generation Unit Using
Roller Mechanism' which is implemented by using
simple drive mechanism such as Roller, some in-
terfaced Electrical components and chain drive
Mechanism [6].

Nevertheless, we propose novel non-
conventional method called ‘hydroelectric road
ramp’ that is significantly different from the pro-
posed by previous researchers. ‘Hydroelectric road
ramp’ serves not only as a speed bump for traffic
calming, but also it is a new method of generating
electricity by using principles of work of conven-
tional hydroelectric power station [7] and pneumat-
ic water sprayer [10].

There is a fact that renewable energies are con-
sidered as proper alternative energy, which reduces
carbon dioxide emission. This means renewable
energy like wind energy, solar, tidal, biomass, geo-
thermal which are not harmful for environment can
be used as alternative. As a car passes over a speed
breaker most of kinetic energy is wasted as heat in
it. However, the speed bumps on roads, where
huge amount of vehicle's kinetic energy is wasting,
can be used to retrieve this kinetic energy and gen-
erating electricity [1].

There are some methods of converting vehicle's
kinetic energy into electrical energy such as fol-
lows: «Electro-Kinetic Road Ramp' [2] which was
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Purpose

The purpose of the study was to elaborate on
a renewable source of energy using daily vehicles'
traffic. The research question was how to produce
electricity by using vehicle's kinetic energy and
water-contained energy. The calculation of power
output has been calculated considering approxi-
mate identified variables. Also during the calcula-
tion we considered X vehicles per hour, however
practical result can be distinguished from the theo-
retical one due to stochastic process of the vehi-
cle's movement. We have presumed that electricity
getting from new source can be conserved and
used in traffic lights, powering streets or serve as a
supplementary source of energy for electro mobili-
ty charging points.

This paper does not provide a detailed analysis
of material properties and technical characteristics
of the system elements such as turbine, electronic
pressure controller, tank, etc., as well as cost calcu-
lation. The study is purely theoretical, as a practi-
cal experiment requires significant resources.
Therefore, approximate initial numerical data
which are shown in Fig.2 have been used during
energy calculation.

Methodology

Publicly accessible sources like standards, sci-
entific articles, and reports contain limited infor-
mation on the proposed method of electricity gen-
erating. To overcome this shortcoming, further
information is collected through the literature re-
view of adjacent methods and existing inventions.
Combining principles of work of these inventions,
the necessary result was received. Fig. 1 illustrates
the research approach, which includes a literature
review of several relevant inventions in order to
collect information and create a non-conventional
method of producing electricity.

The calculation methodology included the fol-
lowing steps:

— calculation of the volume of the reservoir;

a finding of the gauge pressure in the tank after
n number of pumps;

— amount of water in each stroke of the pump
has been found;

— identification of an absolute pressure inside
the tank;

— determination the velocity at which the water
leaves the tank using the Bernoulli equation;

— calculation of the volume rate of flow;

— calculation of power generated by the sys-
tem.

Research question:
How to produce electricity by using vehicle's

kinetic energy and water-contained energy?

<7

Research approach

Literature
review

1. Hydroelectric power station
2. Pump pressure water sprayer
3. Water gun

I

1. Model construction
2, Calculations

s

| Results |

Fig. 1. Research methodology

Model description

The ramp serves as launching mechanism [4]
for hydroelectric power station by harnessing the
kinetic energy of automobiles that drive over ramp.
It is not dangerous for the vehicles and cannot be-
come the cause of waste petrol when a car passes
over it [5]. Because on the road surface it serves
only as a conventional speed breaker, however in
underground it connects with mini station produc-
ing electricity with water usage [8]. Fig. 2 repre-
sents the ramp structure and principle of work.

Slab of the ramp connects with the cylinder
which serves as a piston rod of the pump. Every
time automobiles pass through this plate the piston
moves down and up pumping air into a partially
water-filled tank. Motion is possible thanks to the
spring installed under the plate. If necessary, sev-
eral springs can be installed. The reservoir is air-
tight, but it has valve to let the incoming air in
from the pump.
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Fig. 2. Energy ramp structure

As more air is pumped in, the air in the reser-
voir is compressed, increasing in pressure; the wa-
ter is also pressurized by the now compressed air.
Upon opening the nozzle valve, the pressurized
water is pushed out through the nozzle as the air
attempts to re-equilibrate with atmospheric pres-
sure [3].

In case of our study, the nozzle valve is an au-
tomatically controlled valve operated by the elec-
tronic pressure controller. The controller activated
automatically according to the adjustments of the
specialists, i.e., when the pressure in tank reaches
certain value or is excessive. It means that every
time, when electronic pressure controller identifies
pre-defined value of pressure in the reservoir it
transmits a signal to open the nozzle valve.

This air pressure system allows production of
a solid, continuous stream of water. The water jet
rotates the turbine connected with the generator
which produces electricity [9]. In the case of this
research, we supposed that it is necessary to use
special turbine that must be created by 'pelton tur-
bine' principle. All necessary dimensions must be
performed by professionals.

The water, bouncing off the turbine, flows into
an open reservoir located under the turbine. Then it
flows again into the main tank through the non-

return valve. Thus, the system is constantly recy-
cling the same water. Therefore ‘Hydroelectric
road ramp’ can be counted as renewable energy
source.

To start the system, only the initial water filling
of the container is required. Refilled is necessary
only in emergency cases such as water leakage,
evaporation of water, repair of the structure, etc.
However, the limitation of this design is the tank
cannot be refilled unless depressurized. Opening
a pressurized reservoir while there is pressure re-
maining in the system can result in copious local
water spray or even an unexpected consequence.

Fig. 3 illustrates the operation of the ‘hydroe-
lectric road ramp’

Pressing on the ramp

JL

Creation of compressed
air in tank

<5

Release of water jet

JL

S

Rotation of turbine

JL

S
Shaft rotation
CONVEersion moo

electricity

Fig. 3. Process diagram of the ramp

Findings

For all calculation, we used assumed dimen-
sions of the ramp which is shown in Fig. 2. Since
the tank represents a combination of cylinder and
frustum then the total volume of the tank is the
sum of their volumes:

V.=V, +V;. (1)

The volume of cylinder:
V, =nr?h, )
V, =3,14x0,2°x1,5=0,18 m®. (3)
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The volume of frustum:

V, =%nh(R12 +RR, +R?), (4)

v, Z%x3,14xo,2(0,22+0,2 x0,1 +0,1%) =

=0,014 m®. (5)
The total volume of tank:
V, =0,18+0,014=0,194 m* =194 1.  (6)

The assumption is made that volume of water
equal 150 1. The volume of air is then the differ-
ence between the volumes of the tank and the wa-
ter within it:

V, =V, -V, ©)
V, =194-150=441, (8)

To identify an absolute pressure at location 1
we used the following formula:

P,=RP +P,, 9)

where, P, — atmospheric pressure (101325 Pa);
P, —gauge pressure.

Using an assumption that 200 vehicles per hour
pass over ramp, we calculated the gauge pressure
in a tank after n pumps:

nkV,

P = , 10
=Y, (10)

where, n— number of pumps (n=400), because one
car pushes on slab two times by front and rear
wheels; P, - atmospheric pressure (101325 Pa);

V,— amount of water in each stroke of the pump;

V, — total volume of tank.

Amount of water in each stroke of the pump
can be found by next formula:

(11)

where, V,, — volume of water; n— number of
pumps

150

VvV, =—=0,375(1).

P 400 )

Thus, gauge pressure equal:
~ 400x101325x%0,375

™ 194-400x0,375

(12)

=345426 (Pa). (13)

Consequently, location 1 has the following ab-
solute pressure:

P, =101325+ 345426 = 446751( Pa ). (14)

To define the velocity at which the water leaves
the tank is used the Bernoulli equation. The Ber-
noulli equation is used to connect two locations
within a single fluid. We chose our two locations
as being at the surface of the water in the reservoir
(location 1) and at the exit of the nozzle (location
2). This means that:

1 1
R +§pr +pgh, =P, +§pvi +pgh,, (15)

where, P,— absolute pressure at location 1;

p— density of water (1000 kg/m?®); v,— water
velocity at location 1. We approximate that v, = 0;

g — acceleration of gravity (g = 9,81m/s?%);
h,— height between location 1 and location 2
(h,=0,575m); P,— pressure at location 2. Loca-

tion 2 touches the air and has pressure 1atm =
101325 Pa; v,— water velocity at location 2; h,—

height at location 2. This variable is neglected,
which means that h,=0.

In this case the equation acquires a new form:

v, z\/z(Pl +pgh, - PR,) ,

(16)

p

o \/2><(446751+1000><9,81><0,575—101325) ~
2 1000
=26,5(m/s). (17)

If the water exits the tank through the hole with
diameter 0,02 m, the volume rate of flow can be
calculated by this equation:

Q=Av=mnr?v, (18)

Q=314x0,01°x26,5=0,008 (m* /s ). (19)
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Despite the fact that in modern conditions un-
der favorable working conditions of the best sam-
ples hydraulic efficiency can achieve 94 — 95 %.
We decided to consider that efficiency of proposed
mechanism is about 50%, which means that
e= 0,5. Power generated by the system can be
calculated with the next formula:

A_E = e_Amgh = eghA_m

P=e—= ,
At At At

(20)

where, e — efficiency of mechanism; g — accelera-
tion of gravity (g = 9,81 m/s?); h— head in me-
ters. Since the pressure at location 2 equal 1 atm,

then h= 10,33 (m); AA—T—— flow volume in
kg /sec.
Thus,

P =0,5%9,81x10,33x8=405,34 (W ). (21)

Originality and practical value

From one side ‘hydroelectric road ramp’ is the
system of generating electricity by using principles
of work of conventional hydroelectric power sta-
tion and pneumatic water sprayer, from the other
side it is a speed breaker which may improve the
safety conditions on the road. This is a new system
which is located underground and may use differ-
ent types of water including wastewater (rain,
snow, hail) with preliminary filtration. Using the
Bernoulli equation, other different formulas, and
assumptions, we calculated the approximate power
generated by the system. The calculations we ob-
tained led us to the theoretical conclusion that elec-
tricity getting from new source can be effectively
used in the 'smart city' such as: powering street
lights, traffic lights or serve as a complementary
source of energy for e-mobiles charging points.

Conclusions

The amount of electricity generating using pro-
posed system is flexible, because the movement of
vehicles on the road is a stochastic process. It is
impossible to predict exact quantity of vehicles

pass over ramp. Moreover, intensity of movement
depends on different conditions and circumstances
such as rush hours and traffic jams. Nevertheless,
calculation result's based on the supposition that
200 vehicles per hour pass over ramp looks enough
fair and the power generated by the system equals
to 405,34 W. Considering the fact, that city roads
function around the clock we can multiply the ob-
tained result by 24 hours. Thus, we can accumulate
a lot of electricity for efficient using in necessary
goals. Even considering the fact that road capacity
is different hour by hour, there is an opportunity to
generate enough electricity for its conservation and
further usage.

Among the main contribution of the paper we
highlight the possibility of producing almost free
electricity based on renewable energy. Our results
may have high relevance for innovation and devel-
opment. Key advantages of the proposed system
are as follows:

— renewable source of energy;

— possibility to increase amount of electricity
generating per hour;

— possibility to conserve and use electricity for
different goals;

— possibility of modernization of proposed sys-
tem.

As the practical application and improvement
of the new method is an enormous and complex
task, not only intuitively but also physically, future
research is expected to proceed in several direc-
tions. Our future plans, based on this research, in-
clude:

— modernization of the ramp model by integra-
tion of information systems;

— detailed analysis of hardware and software
model;

— significant increase of the shaft rpm using
high pressure nitrogen gas (N, ) in system;

— addition of supplementary elements such as
drain, filter, plumbing for using wastewater (rain,
hail, snow, etc.);

— assessment  of  socioeconomic
(e.g. electricity cost reduction).

benefits
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I'TIPOEJEKTPUYHA JOPOKHA ECTAKAIA

Meta. OCHOBHOIO METOIO LILOTO JIOCHIPKEHHS € PO3po0Ka NOHOBIIOBAHOT'O JXKEpesia eHepril 3 BUKOPUCTAHHIM
II0JIEHHOTO PyXy TPaHCMOPTHUX 3aco0iB. [Ipobiema nociiKeHHsI MOJsITae B MOIIYKY CIIOCO0y BUPOOJIEHHS €IEeKT-
PHMKH 3 BUKOPHCTaHHSIM KiHETHYHOI eHeprii aBToMoOuns it eHeprii Boau. Y wiif cTarTi riApoeseKTpu4Ha JTOPOXKHS
paMIla ommcaHa SK JONOMDKHE JDKEpeno eHeprii, sKe MOXKHAa 3acTOCOBYBAaTH B «IHTEJIEKTYAJIbBHHX MicTaxy.
Mertoanka. Ilicng ormany niTepaTypH IIONO CYMDKHHX METOJIB, HAasSBHUX BHHAXOMIB 1 00’€IHAHHS BUBYCHUX
NpUHOUIIB poboTn Oyia 3amporoHOBaHAa EKOJOTIYHO Oe3leyHa cucTeMa BUPOOHMITBA —EJIEKTPOEHEpTil.
PesyabraTn. Ha migcrasi npumymenHs, mo 3a roAnHy Mo ecTakaii mpoibxmkaoTs 200 aBTOMOOILIB, yCTaHOBIICHO,
110 TIOTY)XKHICTh, T€HEpOBaHa cUcTeMoto, opiBHIOE 405,34 Br. bepyun 1o yBaru, mo MicbKi JOpPOTH IPamio0Th Iii-
71071000BO, OTPUMaHMK pe3yabTaT MOMHOXKHUMO Ha 24. TakuM YMHOM, MOKHAa HAKONHMYHUTH 0araTto eIeKTpoeHeprii
JUIA epeKTHBHOTO BHKOPHUCTAHHS B HEOOXimHMX mijsax. HaBiTe 3 ypaxyBaHHSIM TOTO, IO MPOIYCKHA 3aTHICTH J10-
pOTH 3MIHIOETBCS IOTOINHH, € MOKIIMBICTh BUPOOJISITH IOCTATHRO €JIEKTPOCHEPTil s 11 30epekeHHs i oJaIbIo-
ro Bukopuctants. HaykoBa HOBH3HA. 3 0THOr0O OOKY, TiIpOENEKTPUYHA JOPOXKHS ecTakaia — 1ie CHCTeMa IreHepy-
BaHHS €JEKTPOCHEPrii 3 BHKOPHCTAHHAM HPUHIMIIB POOOTH 3BHYANHHOI TiAPOENEeKTPOCTaHIii # IMHEBMAaTHYHOIO
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BOJIOPO3IIJIIOBaYa, 3 IHIIOT0 OOKY, BOHA BUKOHYE POJIb JIEXKAYOTO MONILEHCHKOro, MO MOXKE MiABHUIIUTH Oe3NeKy
JopokHbOTO pyxy. IlpakTuyna 3HaunMicTs. [IpoBeneHi po3paxyHKU J03BOJMIM HaM 3pOOMTH TEOPETHYHHN BH-
CHOBOK, III0 OTPUMAaHHS €JIEKTPOEHEPTii 3 HOBOTO JpKEpena MOKHA e()eKTUBHO BUKOPHCTATH B «IHTCICKTYaIbHOMY
MICTI», HATIPUKJIAA, JUIS KUBJICHHS BYJIWYHUX JIIXTapiB, CBITIO(OPIB, a00 AK TOJATKOBE IKEPEN0 SHepTii Ui MyHK-
TiB TiA3apAIKEHHS IeKTPOMOOLTIB.

Knrouosi crosa: anbTepHaTHBHA €HEPTris; KIHSTHYHA €HEPTisl; €HEpris BOIW; €JICKTPHKA; «iHTEIEKTyaJbHE Mic-
TOY; JIEIKAUYMH MOTIIEHChKHUI
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TUIPODJIEKTPUUECKAS JIOPOKHAS DCTAKAIA

Iesab. OCHOBHOM 1IENBIO TAHHOTO MCCIIEAOBAHUS ABISIETCS pa3pabOTKa BO30OHOBISIEMOTO HCTOYHUKA YHEPTHU
C HCTIONIb30BaHUEM €KETHEBHOTO ABWKEHMS TPAHCIOPTHBIX cpeAcTB. IIpobieMa mcciae10BaHUS COCTOUT B TOHMCKE
cnoco0a MpOU3BOJCTBA JIEKTPUYECTBA C UCIIOJIb30BAHHEM KHHETHYECKOW YHEPTrHHM aBTOMOOWIISI M SHEPTUHU BOJIBL
B aT0ii cTaTthe ruapo3IeKTpUUecKas JOPOXKHAS paMIila ONMMCaHa KaK BCIIOMOTATENbHBIM HCTOYHHMK SHEPIHH, KOTO-
pBIf MOJKHO TNPUMEHATh B «MHTEIUIEKTyaJbHBIX ropofax». Meroguka. ITocie o630pa nutepaTypbl MO CMEXHBIM
METOJIUKaM, CYNIECTBYIOIIUM H300peTeHHsIM U OOBbEIMHEHMS] W3y4YCHHBIX MPHHIMIIOB paOOThl ObLIa MpeIoKeHa
9KOJIOTHUECKH Oe30MacHas cucTeMa IPOU3BOJICTBA 3JIeKTpoIHepruu. Pe3yabTarel. Ha oCHOBaHMM ITpeaNON0KEHNUS,
YTO 3a Yac I0 3cTakane mpoexaroT 200 aBToMOOMIIEH, YCTaHOBIEHO, YTO MOIIHOCTh, TeHEpUpPYyeMast CHCTEMOH,
pasHa 405,34 Br. [IpuanMas Bo BHUIMaHHUE TO, 9YTO TOPOJICKUE JOPOTH PabOTAIOT KPYIIIOCYTOYHO, ITONYyICHHBINA pe-
3ynbTaT yMHOXaeM Ha 24. TakuM 00pa3oM, MOXKHO HAKOIHUTh MHOTO 3JIEKTPO3HEPTHH IS 3PPEKTUBHOTO HCIONb-
30BaHUS B HEOOXOMMBIX IENsIX. Jlake ¢ yd4eToM TOro, 4TO MPOITyCKHas CIOCOOHOCTh JOPOTH W3MEHSETCs OT Jaca
K 4acy, eCTb BO3MOXHOCTb BBIPA0aTHIBaTh JOCTATOYHO 3JIEKTPOIHEPTUH IS €€ COXPAHEHWS W JajbHEHIIEero Hc-
nosib3oBanus. HayuHnasi HoBu3Ha. C OHOH CTOPOHBI, THAPORJICKTPUYECKasl JOPOKHAS 3CTaKalga — 3TO CHCTEMa
TeHEpUPOBaHUS 3JIEKTPOIHEPTUH C UCTIONH30BAaHHEM HPUHILIUIIOB Pa0OThI OOBIYHON THIAPOIIEKTPOCTAHIMN U ITHEB-
MaTHYECKOT'O BOAOPACHBUINTENS, C IPYrOM CTOPOHBI, OHA BBIIOJHSIET POJIb JIEKAUETO MOJHIEHCKOT0, YTO MOXKET
MOBBICUTH 0€30MacHOCTh JAOPOKHOTO JBIDKeHUS. IlpakTudeckass 3HaUYMMOCTh. [Ipon3BeeHHbIE pacyeThl M03BO-
JIMITA HaM TIPUATH K TEOPETHYECKOMY BBIBOJLY, YTO HOIYYEHHUE DIIEKTPOIHEPTHH U3 HOBOTO UCTOYHHUKA MOXKET OBITH
3 (QEKTUBHO HMCIIOIb30BAHO B «MHTEILICKTYalIbHOM TrOpOJie», HapuMep, JUIs IUTaHUS YIMYHBIX (OHapei, CBETO-
(OpOB MM B Ka4ECTBE AOIOIHUTEIFHOTO HCTOUHUKA SHEPTHH JUIS ITYHKTOB ITOJ[3aPSAKH SIIEKTPOMOOHIIEH.

Kniouegvie cnosa: anbTepHaTHBHAS 3HEPIUs; KHHETHUYECKAsl SHEPTHS; SHEPTHS BOJBI; SIICKTPHUECTBO; «HHTEN-
JIEKTyaJIbHBIM TOpo1»; JIeXKauuid NoJMUEHCKUI
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