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Abstract: In the paper are presented the theoretical and
experimental researches of new technology for vehicle
fueling with biomethane. In the result of research were
realized calculations using thermodynamical and heat
transfer formulas; has created a real prototype, to validate
working parameters in an experimental demonstration in
laboratory conditions.
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INTRODUCTION

The rising of oil prices and ecology aspects are factors
motivating the countries around the world to support biofuel
research and production. Since the global energy crisis in the
1970s, more extensive attention has been focussed on liquid
renewable fuels, such as, vegetable oil, biodiesel and
ethanol. All these fuels can be made from different kind of
raw materials and therefore they have essential advantages
comparing to fossil fuels. During the last years large attention
was focused also on biogas production, and it cleaning and
upgrading till natural gas standards, allowing to get bio-
methane. This gaseous fuel also is renewable fuel, because
it is produced by the anaerobic digestion or fermentation of
different types of biodegradable materials.

During last years biogas production has developed
very rapidly due to a governmental support, which
guarantees that the electric power, produced in the result
of burning of biogas in CHP plants, has to be purchased
by power company. But not all biogas companies are
interested to produce only electric power, some of them
are looking for bio-methane utilization in their car fleet,
when biogas is cleaned and upgraded till natural gas
physico-chemical properties.

The number of natural gas vehicles is growing rapidly
and now it reached almost 14.5 million vehicles in the
world with the growing perspective of 18% per year [1].
Best example, where large part of these vehicles is used -
municipal sector: city buses, waste collection vehicles,
taxis, municipal vehicles, etc. At present one of the main
drawbacks for bio-methane utilization widely in private
transport sector is that it is expensive and not so effective
filing equipment. The objective of this research is to
analyze new technology, created by Latvian inventor,
which could allow to decrease maintenance expenses and
increase effectivity of bio-methane filling equipment.

MATERIALS AND METHODS

Presently, during production of methane compressing
equipment, there are used gas-filling multistage
compressors with both mechanical and hydraulic drives,
which provide the compression of natural gas for its
application as a motor vehicle fuel. Complicated
construction of compressors with mechanical drive,
consumption of large amounts of power during their use,
and generation of large amounts of heat, as well as high
maintenance costs compensating a wear of movable
parts of compressor resulted in the development of
compressors with hydraulic drives having some
advantages over the compressors with mechanical drives.

After reviewing of realized methane compressing
methods, there could be marked a method of company
“ECOFUELER” for multistage compressing gas (U.S. Pat.
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IEVADS

Pieaugos$as degvielas cenas un ekologijas aspekti ir
faktori, kas motivé valstis visa pasaulé atbalstit biodegvielu
pétijumus un razoSanu. Kop$ energijas krizes 1970-jos daudz
lieldka uzmaniba tika pievérsta tadam atjaunojamam
degvielam ka augu ella, biodizeldegviela un etanols. Visas Sis
degvielas var tikt sarazotas no dazada veida organiskajiem
materidliem un tadgjadi tam ir nozimigas priekSrocibas
salidzingjuma ar fosilajam degvielam. Pédéjos gados liela
uzmaniba pievérsta arm biogazes razoSanai, un tas attiriSanai
un bagatinaSanai Ndz dabasgazes standartiem, laujot iegat
biometanu. ST gazveida degviela arT ir atjaunojama, jo ta tiek
ieglta dazada veida biologiski degradéjamu materialu
anaerobas apstrades vai fermentacijas rezultata.

Pédéjos gados biogazes razoSana ir attistijusies |oti
strauji saisttba ar valdibas atbalstu, kas garanté
elektroenergijas iepirkumu no uznémumiem, kas biogazes
sadedzinaSanas rezultata kogeneracijas stacija razo
elektroenergiju. Tacu ne visas biogazes kompanijas ir
ieinteresétas tikai razot elektroenergiju; dazas no tam ir
ieinteresétas biometdna izmantoSana sev piederoSaja
autoparkd, kad biogaze ir attirita un bagatinata I1dz
dabasgazes fizikali-ktmiskajam 1pasibam.

Dabasgazes transportlidzeklu skaits pieaug strauji un
tagad tas pasaulé jau ir sasniedzi gandriz 14.5 miljonus
transportlidzek|u, ar izaugsmes perspektivu 18% gada [1].
Labakais piemérs, kur liela daja So transportlidzek|u tiek
izmantota — paSvaldibas: pilsétas autobusi, atkritumu
savak3anas transports, taksometri, paSvaldibas transports,
utt. Patlaban viens no buatiskakajiem kavékliem biometana
plasakai izmantoSanai transporta sektord ir pietiekoSi
dargais un nepietiekosi efektivais uzpildes aprikojums. St
pétfjuma mérkis ir analizét jaunu, Latvijas izgudrotaja raditu,
tehnologiju, kas lautu samazinat biometana uzpildes
aprikojuma izmaksas un palielinat ta efektivitati.

MATERIALI UN METODES

Izgatavojot metana saspieSanas iekartas, patreiz efektivi
tiek lietoti galvenokart daudzpakdpju gazes uzpildes
kompresori, gan ar mehanisku, gan hidraulisku piedzinu, kas
nodroSina dabasgazes saspieSanu Iidz tadam [Tmenim, pie
kura iespéjams izmantot dabasgazi ka autotransporta degvielu.
Kompresoriem ar mehanisku piedzinu ir sarezgita konstrukcija,
ekspluatacijas laika tie patéré daudz enerdijas un izdala lielu
situma daudzumu. Turklat tiem ir augsti ekspluatacijas
izdevumi, ar ko kompensé kompresora kustigo dalu nodilumu.
Minéto trdkumu dé&| paradijas kompresori ar hidraulisku
piedzinu, kuriem ir vairakas priekSrocibas, salidzinot ar
kompresoriem, kuriem ir mehaniska piedzina.

Apskatot razoSana realizétos metana saspieSanas
panémienus, var atzimét firmas "ECOFUELER” izmantoto
gazes daudzpakapju saspieSanas panémienu (ASV patents
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Ne 5863186) [2], which predicts multistage gas
compressing in series-connected compressing vessels.
This is performed by under-pressure supply of a hydraulic
fluid, which is being separated from the compressed gas
by pistons moving in the vessels during operating cycles
of the compressor. This method has found its application
in gas-filing devices of “ECOFUELER”, including
individual gas-filling appliances of HRA type (Home
Refueling Appliance). This device is predicted for
residential low pressure gas network and from standard
residential electric network. The disadvanatage of gas-
filling devices operated according to this method is their high
price limiting the broad use thereof in a private sector. The
reason has to do with the need for high-technology
constructional elements, mainly for precision hydraulic
compressing vessels.

It is known in the art a method for hydraulic
compression of gas for fueling a motor vehicle from mobile
gas-filling appliances without a dividing piston between the
gas and fluid (RU patent Ne 2128803) [3]. Transfer of gas
from accumulating vessels to user’s vessels is performed
by a displacement of fluid by gas with the sequential
transfer of fluid from a previous vessel to the next ones.
This method may be used in mobile gas filling units
providing large volumes of compressed gas by
connection to a gas line with rather high pressure
required for this method and having a power supply
source of sufficient power (industrial electrical network).
Moreover, because the above mentioned condition
provided by this method, when upon the termination of
compression cycle in a compressing vessel, a certain
volume of compressed gas is left in its upper part, the
effective volume of the further filling of a working vessel
decreases due to significant volume expansion of this left
non-displaced volume of the compressed gas. Therefore,
the existence of such residual volume of compressed
gas left in the working vessel at the end of a compression
cycle results in the so called “stretched spring effect” at the
stage of filing the compression vessel (residual
compressed gas begins to increase many fold in volume).

The object of current investigation is proposed in LV
patent Nr. 13661 B [4]. This is a method for compressing
gas for fueling vehicles by alternate transfer of gas into
two vertically arranged compressing vessels (Fig. 1), its
compression and forcing into high-pressure vessels by
filling the compressing vessels with working fluid under
pressure by means of a hydraulic drive. A novelty of this
method lies in that, according to the present invention,
each cycle of gas compressing and its forcing out of the
compressing vessels is performed until these vessels are
fully filled with the working fluid contained in the
compressing vessels and alternately forced out of one
compressing vessel into the other in response to a signal
sent by a fluid-level sensor capable of detecting the full fiilling
of the corresponding compressing vessel. To increase the
time required to fuel a motor vehicle, there may be provided
the increase in gas pressure by its preliminary compression
at the inlet of the compressing vessels.

The principal scheme of gas-filling device is provided
in Fig. 1, and it comprises two compressing vessels (1),
(2) and the accumulating vessel (31), in the upper necks
of which there are mounted shut-off devices (3) integrated
with fluid level sensors (4) capable of detecting the full
filing of the compressing vessels with working fluid.
Compressing vessels (1) and (2), as also accumulating
vessel (31) has also lower necks connected to hydraulic
mainlines. A hydraulic pump (5) with an electric drive (6) is
provided with a high-pressure line (7) and low-pressure
line (8), which are connected with the compressing
vessels (1), (2) and accumulating vessel (31) through
shut-off electromagnetic valves (9), (10), (11), (12), (36)
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Ne 5863186) [2], kas paredz gazes daudzpakapju
saspieSanu secigi savienotos gazes saspieSanas cilindros.
Lai gazi saspiestu, cilindros ievada saspiestu hidraulisko
Skidrumu, kas atdalits no saspiezamas gazes ar virzuliem,
kuri kompresora darba ciklu laika cilindros parvietojas. Sis
panémiens tiek izmantots firmas ,ECOFUELER” gazes
uzpildes iekartas, t.sk. arm individualas lietoSanas gazes
uzpildes iekartas ,HRA” (Home Refueling Appliance). Sis
iekartas paredzétas pieslégSanai zema spiediena sadzives
gazes sadales tiklam un standarta sadzives elektrotiklam.
Gazes uzpildes iekartam, kuru darbiba balstds uz Sadu
gazes saspieSanas panémienu, ir augsta cena, kas ierobezo
§adu iekartu plasu izplatibu privataja sektora. Augsto cenu
nosaka nepiecieSamiba péc iekartas konstruktivo elementu,
it sevidki saspieSanas cilindru izgatavoSanas precizitates.

Ir zindms arm cits gazes hidrauliskas saspieSanas
panémiens autotransporta uzpildei no parvietojamam gazes
uzpildes iekartam. Saja gadijuma kompresora cilindra
saspiezamas gazes atdaliSanai no Skidruma netiek izmantots
virzulis (KF patents Ne 2128803) [3]. Gazes padevi
patérétdjam no uzkraSanas tvertném nodrosSina, gazi izspiezot
no tam ar saspiesta Skidruma palidzibu, kas tiek parstknéts
secigi no iepriek$sjas uzkrasanas tvertnes uz nakosam. So
panémienu iespéjams izmantot transport€jamas gazes
uzpildes iekartas, lai nodroSinatu lielus gazes saspieSanas
apjomus, kad iespéjams pievienoties gazes vadam ar
saméra augstu spiedienu, kads nepiecieSams ST panémiena
realizacijai, un kad ir pieejams pietiekoSas jaudas elektrotikls
(rGpnieciskais elektrotikls). Bez tam, S$aja panémiena
ietvertais nosacijums, ka saspieSanas cikla beigas
saspieSanas cilindra aug3€ja dala paliek ievérojams
saspiestas gazes daudzums, samazina saspieSanas cilindra
sekojosas uzpildes efektivo tilpumu ta iemesla dél, ka pari
palikust saspiesta gaze ievérojami izpleSas. Tadejadi,
saspieSanas ciklam beidzoties, saspieSanas cilindra paliek
pari ievérojams daudzums saspiestas gazes, kam japiedalas
nakoSaja saspieSanas cikla, nosaka to, ka, uzsakot
saspieSanas cilindra uzpildi ar saspiezamo gazi, taja
atlikusas gazes tilpums vairakkart palielinas.

Dota pétijuma mérkis ir ierosinats LV patentd Nr.
13661 B [4]. Sie metode tiek realizéta saspiezamo gazi
parmainus ievadot divos vertikalos saspieSanas cilindros
(1. att), kuros gazes saspieSana un sekojoSa tas
parvietoSana uz uzkrdaSanas tvertni tiek veikta,
saspieSanas cilindros ievadot saspiestu Skidrumu ar
stkna palidzibu. Jaunievedums ir tads, ka saskana ar
izgudrojumu, katra gazes saspieSanas cikla beigas
saspieSanas cilindrs ir pilntba uzpildits ar Skidrumu, t.i.,
visa saspiestd gaze ir parvietota uz uzkrdSanas tvertni.
Turklat, gazes saspieSanai vajadzigais Skidruma daudzums
glabajas saspieSanas cilindros un tiek parmainus parsiknéts
no viena saspieSanas cilindra uz otru péc signala, kas tiek
sanemts no saspieSanas cilindru maksimala sSkidruma IlTmena
devéjiem. Lai saisinatu automobila uzpildei patéréjamo laiku,
iespéjams palielinadt &1 panémiena raZibu, paaugstinot
saspieSanas cilindros ievaddmas gazes spiedienu ar
papildus kompresora palidzibu.

Uzpildes iekartas principiala shéma ir paradita 1. attél3,
un ta sastav no diviem saspieSanas cilindriem (1), (2) un
uzkraSanas tvertni (31), kuru augSpusé esoSajas atverés
uzstaditi noslégvarsti (3), kuros iebivéti devéji (4), kas
nodroSina maksimala Skidruma lTmena kontroli saspieSanas
cilindros. SaspieSanas cilindru (1) un (2), ka arT uzkraSanas
tvertnes (31) apakSpusé esoSajam atverém piemontéti
Skidruma sadales kolektori. Hidrauliskais suknis (5) ar
elektrodzingju (6) aprikots ar augstd (7) un zema (8)
spiediena caurulvadiem, kuri savienoti ar saspieSanas
cilindriem (1) un (2), uzkrdSanas tvertni (31). Uz
caurulvadiem uzstaditi elektromagnétiskie noslégvarsti
(9), (10), (11), (12), (36) un (37). Augsta (7) un zema (8)
spiediena caurulvadi sava starpa savienoti ar vienvirziena
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and (37). High-pressure (7) and low-pressure (8) lines are
connected with each other by means of a bypass valve (15).
Working spaces of each compressing vessel (1) and (2)
through the shut-off devices (3) and opposite connected one-
way valves (34-35) and (17), (19) from one side are
connected through valves (34) and (35) to an inlet pipeline for
gas supply into compressing vessels (1) and (2), and from
the other side they are connected through valves (17) and
(29) with an outlet pipeline (21) for pumping the gas into the
fuel tank of a vehicle (22) through a connector (23).
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dro8ibas parplades varstu (15). Katrs saspieSanas cilindrs
(1) un (2) aprikots ar noslégvarstu (3), kam piemontéti
vienvirziena noslégvarsti (34-35) un (17), (19), kas nodroSina
iespéjas savienot katra saspieSanas cilindra (1) un (2) iekSgjo
tilpumu atseviski gan ar zema spiediena gazes padeves
kolektoru, atveroties vienvirziena noslégvarstam (34) vai (35),
gan ar saspiestas gazes spiedvadu (21) gazes padevei
automobila balond (22) caur savienojoSo balonu (23),
atveroties vienvirziena noslégvarstam (17) vai (19).

z8
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I
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Fig. 1 - The principial scheme of high pressure compressor system of gaseous fuel /
Gazveida degvielas augstspiediena kompresora sistémas principiala shéma

1, 2 — compressing vessels / 1, 2 - saspieSanas cilindri; 3 — shut-off device / 3 - daudzfunkcionalais varsts; 4 — fluid level sensor / 4 - Skidruma Iimepa
noteik3anas elektromagnétiskais devéjs; 5 — hydraulic pump / 5 - hidrauliskais sdknis; 6 — electric drive of hydraulic pump / 6 - hidrauliska sdkpa
elektrodzinéjs; 7 — high-pressure line / 7 - augsta spiediena caurujvads; 8 — low-pressure line / 8 - zema spiediena caurujvads; 9, 10, 11, 12 — electromagnetic
valves / 9, 10, 11, 12 - elektromagnétiskais varsts; 15 — bypass valve / 15 - vienvirziena droSibas parplades varsts; 17, 19 — one-way valves / 17, 19 -
vienvirziena varsts; 21 — outlet pipeline / 21 - spiedvads; 22 — fuel tank of a vehicle / 22 - automobi/a balons; 23 - connector / 23 - spiedvada un automobifa
balona savienojoSais balons; 24 — electric contact manometer / 24 — elektrokontaktmanometrs; 25 — electronic control unit / 25 - elektronikas vadibas bloks;
27 — filter-drier / 27 - filtrs sausinatajs; 28 — low pressure gas pipeline / 28 - zema spiediena gazes vads; 29 — gas / 29 — gaze; 30 — working fluid / 30 —
Skidrums; 31 — accumulating vessel / 31 — gazes uzkrasanas tvertne; 32 — drain tube / 32 — parplades caurulite; 33 — bypass valve / 33 — vienvirziena varsts;

34, 35, 36, 37 - electromagnetic valves / 34, 35, 36, 37 - elektromagnétiskais varsts ;

According to patent the filling of the accumulating
vessel (31) is carried out in the following sequence. When
starting the gas-filling device, the electronic control unit
(25), which runs an operating program, is activated, the
electrical drive of the hydraulic pump (6) switches on and
the electromagnetic valve (35) opens simultaneously, the
electromagnetic valve (9) are brought to the condition
wherein the compressing vessel (1) is connected to high
pressure line (7), and the compressing vessel (2) is
connected to the low-pressure line (8) through the opened
valve (12). During the operation of hydraulic pump (5), the
working fluid from the lower neck of the compressing
vessel (2) through the open valve (12), the low-pressure
line (8), the hydraulic pump (5), the high-pressure line (7),
the open electromagnetic valve (9), and the lower neck of
the compressing vessel (1) is pumped into the
compressing vessel (1), from which the gas through the
one-way valve (17), and the outlline pipeline (21) is
displaced into the accumulating vessel (31). This process
is accompanied by filling a vacated volume of the
compressing vessel (2) with the gas coming from the low-
pressure gas pipeline (28) through the open
electromagnetic valve (35). Once the working fluid (30)
has reached the lower edge of the movable closing
element in the valve construction, signal is sent to to the
electronic device (25) to change the hydraulic flow into a
reverse mode, in which the electromagnetic valves (9) and
(12) are closed, and the valves (10) and (11) are opened
and the working fluid from the fully filled compressing
vessel (1) starts filling the compressing vessel (2). The
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AtbilstoSi patentd sniegtajai informacijai gazes
uzkraSanas tvertnes (31) uzpilde norisinas atbilstoSi
sekojoSai  proceddrai. leslédzot uzpildes iekartu,

aktivizéjas elektroniskais vadibas bloks (25), kas uzsak

darba programmas izpildi. Vienlaicigi tiek ieslégts
hidrauliskd stkna elektrodzingjs (6) un atvérts
elektromagnétiskais varsts (35), elektromagnétiskais

varsts (9) tiek parslégts stavokl, kas savieno saspieSanas
cilindru (1) ar augsta spiediena caurulvadu (7), bet varsts
(12) - stavoklt, kas savieno saspieSanas cilindru (2) ar
zema spiediena caurulvadu (8). Darbojoties hidrauliskajam
stknim (5), Skidrums caur saspieSanas cilindra (2)
apakséjo atveri un atvérto varstu (12), pa zema spiediena
caurulvadu (8) caur zobratu sakni (5), pa augsta spiediena
caurulvadu (7), caur atvérto elektromagnétisko varstu (9)
un saspieSanas cilindra (1) apak3éjo atveri tiek parsuknéts
uz saspieSanas cilindru (1), no kura gaze caur
vienvirziena varstu (17) un pa spiedvadu (21) tiek
parvietota uz uzkrasanas tvertni (31). So procesu pavada
saspieSanas cilindra (2) pakapeniska uzpilde ar gazi,
samazinoties Skidruma ITmenim, un gaze pienak no zema
spiediena gazes vada (28) caur atvértu elektromagnétisko
varstu (35). Skidrumam (30) sasniedzot specialu kustigo
cilindrisko noslégelementu varsta konstrukcija, tiek padots
signals uz elektronisko vadibas bloku (25) Skidruma
plismu parsléegSanai reversa rezima. Tiek aizverti
elektromagnétiskie varsti (9) un (12), bet atvérti varsti (10) un
(11), un Skidrums no pilntha uzpildita saspieSanas cilindra (1)
tiek parvietots uz saspieSanas cilindru (2). Saspiestas gazes
parvietoSanas process no saspieSanas cilindra (2) un
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process of displacement of the gas from compressing
vessel (2) and of filling the compressing vessel (1) is
similar to the process described above. The repetition of
gas filling displacement and fluid (30) pumping cycles
results in gradual increase of gas pressure in the outlet
pipeline (21) (filling the accumulating vessel (31)). The
pressure in the outlet pipeline (21) is monitored by means
of the electric contact manometer (24). Once a target
pressure in the outlet pipeline (21) has been reached, the
manometer (24) sends signal to the electronic control
unit (25), and then, on response of the fluid-level sensor (4)
of the compressing vessel (2) full with the working fluid, the
electronic control unit (25) issues a command to stop the
operation of the gas — filing device in the initial condition
prepared to begin the filling of the fuel tank of the vehicle (22).
There was realized calculation to analyze
thermodynamical processes and to check operation of
system, as also realized prototype, which could allow to
compare results of theoretical and experimental research.

RESULTS
Theoretical research
In the results of research there were done calculations
using thermodynamical legitimacies and heat transfer
laws. Calculations were done using the same dimensions
of vessels, connections and other details as it is
prescribed to use in preparation of the real prototype.
Taking into account that tests of the system will be
done at ambient environment temperature t,,=20°C and
temperature of methane flowing in compresing vessel t; is
20°C; pressure at normal conditions p,=101.325 kPa,
barometric pressure p,=99.991 kPa, manometric pressure
of methane flowing in compresing vessel p1m=19.998 kPa,
manometric end pressure in accumulating vessel p2xm=20
MPa, and using elementary legitimacies is possible to find
out necessary basic parameters:
¢ Density of methane in normal conditions;
« Density and volume of methane at inflow parameters;
¢ Value of compression and volume of accumulation vesels;
e Mass of methane sucked in compressing vessel;
¢ Absolute final pressure in accumulation vessel;
¢ Mass of methane at the final pressure in accumulating vessel.
In the result of calculation was established that there is
necessary to realize 169 compression cycles to get
necessity final pressure. Attention was converted also to
the changes of methane final temperature at the end of
the separate compression cycles. As compression
process is a polytropic, then there was accepted
appropriate polytropic index. Realizing further calculations
there was obtained also changes of values of the final
temperature of methane depending from pressure at the
end of compression process, which is shown in Fig. 2.
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saspieSanas cilindra (1) uzpildes process ar gazi ir
analogisks tam, kas ir aprakstits augstak. Atkartojot gazes
Juzpildes-saspieSanas” ciklus un  Skidruma  (30)
parsiknéSanas ciklus, pakapeniski paaugstinds gazes
spiediens spiedvada (21) (norisinas uzkraSanas tvertnes
(31) uzpilde). Gazes spiediens spiedvada (21) tiek
kontroléts ar elektrokontaktmanometru (24). Kad spiedvada
(21) ir sasniegts uzdotais robeZspiediens, manometrs (24)
padod signalu uz elektronisko vadibas bloku (25), kam seko
iekartas darbibas turpinasanas Iidz bridim, kad saspieSanas
cilindra (2) Skidrums sasniedz augSéjo pielaujamo robezu
un nostrada devéjs (4). Sanemot signalu no ST devéja,
vadibas bloks (25) partrauc uzpildes iekartas darbibu
robeZstavokli, kads nepiecieSams, lai uzsaktu automobila
(22) balona uzpildes proceddru.

Tika veikts aprékins termodinamikas procesa norisei
un iekartas darbibas parbaudei, ka arT izveidots iekartas
prototips, kas |lautu salidzinat teorétisko un eksperimentalo
pétijumu rezultatus.

REZULTATI
Teor étiskie p étrjumi

Pétljumu rezultatd tika veikti aprékini izmantojot
termodinamiskas likumsakaribas un siltuma péarejas
sakartbas. Aprékini tika veikti, izmantojot cilindru,

savienojumu u.c. detalu izmérus, kadus ir paredzéts
izmantot reala prototipa izveidé.

Nemot véra, ka sistémas izméginajumi tiks veikti pie
apkartéjas vides temperatiras t,,=20°C un saspie$anas
cilindra iepllsto3a metana temperatira t; arm sastada 20°C;
normalo apstaklu spiediens p,=101,325 kPa, barometriskais
spiediens p,=99,991 kPa, saspieSanas cilindra ieplastosa
metana manometriskais  spiediens pi1n=19,998 kPa,
manometriskais beigu spiediens uzkraSanas tvertné papm=20
MPa, un izmantojot elementaras likumsakaribas var noteikt
nepiecieSamos pamatparametrus:
¢ Metana blivumu normalos apstaklos;
¢ Metana blivumu un tilpumu pie ieplddes parametriem;
« Kompresijas vértibu un saspieSanas cilindru tilpumu;

e SaspieSanas cilindra iestkta metana masu;
« Absolito beigu spiedienu uzkrasanas tvertng;
« Metana masu pie beigu spiediena uzkraSanas tvertné.
Aprékinu rezultata konstatéts, ka nepiecieSama
beigu spiediena iegGSanai ir nepiecieSamas 169
saspieSanas cikla reizes. Uzmaniba tika pievérsta art
metana beigu temperatdras izmainam atsevisko
saspieSanas ciklu beigas. Ta ka saspieSanas process ir
politropisks, tad aprékinos tika pienemts attiecigais
politropas pakapes raditajs. Veicot talakus aprékinus,
tika iegltas arm metana beigu temperatdras vértibu
izmainas atkarthd no spiediena saspieSanas procesa
beigas, kas paraditas 2. attéla.
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Fig. 2 — The changes of the final temperature of methane at the end of compression process /
Metéana beigu temperatdras izmainas saspieSanas procesa beigas

Compression process is connected with flowing of the heat,
therefore in that case is important also the amount of flowed
heat Q, (kJ), which can be calculated using formula:

n_
=Mc, ——
Q =Me, ——
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SaspieSanas process ir saistits ar siltuma novadiSanu,
tapéc batisks dotajd gadijuma ir arm novadita siltuma
daudzums Q, (kJ), ko nosaka péc formulas:

“t, -, @
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where M - mass of methane sucked in compressing vessel, kg;
Cv - heat capacity of methane, kJ/(kgK);

n - polytropic index;
k - adiabatic index;

t1 - temperature of methane flowing in compresing vessel, °C;
t - the final temperature of methane in compressing vessel at
the additional stages of the cycles, °C.
Calculated values of the amount of the flowed heat are

summarized in Tab.1.

Absolute values of the amount of flowed heat in the
Novad 1ita siltuma daudzuma absol
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kur M - saspieSanas cilindra iestktd metana masa, kg;

Cv - metana siltumietilpiba, kJ/(kgK);

n - politropas pakapes radrtajs;

k - adiabatas pakapes raditjjs;

t1 - saspieSanas cilindra ieplisto$a metana temperatira, °C;

t, - saspieSanas cilindra eso$a metana beigu temperatira
attiecigajos ciklu posmos, °C.
Aprékinos ieglta novadita siltuma daudzuma vértibas

apkopotas 1. tabula.

Table 1/ 1. tabula

polytropic compression process /
atas veértibas politropisk & saspieSanas proces a

Temperature of methane The final temperature of Difference of The amount of flowed heat /
flowing in the vessel / methane in the vessel / temperatures / Novad ita siltuma daudzums
Cilindr 4 iepl dstoS & metana Cilindr a eso$ & metana beigu Temperat dru starp iba Qn [KJ]
temperat dra t, [C] temperat dra t, [C] to-t1 [C]

20 22.9/229 29/29 2.75/2,75

20 32.4/32,4 12.4/12,4 11.7/11,7

20 42.2/42,2 22.2/22,2 21.0/21,0

20 46.5/46,5 26.5/26,5 25.2/25,2

20 47.7147,7 27.7127,7 26.3/26,3

20 49.1/49,1 29.1/29,1 27.6/27,6

20 49.9/49,9 29.9/29,9 28.41/28,4

20 50.6 /50,6 30.6 /30,6 29.1/29,1

20 50.9/50,9 30.9/30,9 29.3/29,3

For the evaluation of the amount of heat from heat

transfer process,

there were defined other

required

parameters: surface of heat dividing, speed of fluid rising,
etc. During the calculation of the surface of heat dividing
suppose that lower base of vessel does not deliver heat in
ambient environment because it is covered by fluid layer.
As the productivity of the pump Q. is known, which is

10 liters per minute, it is possible to calculate speed Vg of

fluid rising in compressing vessel during the process, as

also time tsk during which fluid fills the compressing

vessel. In the result of calculation was established that
there are necessary 4.9 minutes to fill the vessel.
The amount of heat Q, (kJ) from heat transfer position

can be find out from following formula:

Q - KF(tZ “lay
i 1000

where K - heat transfer coeffcient (taking into account that heat
moves from one gaseous environment to another);

F - surface of heat dividing, m?;

t2 - the final temperature of methane in compressing
vessel at the additional stages of the cycles, °C;

tav - ambient environment temperature, °C.

T - length of compression process, s.
Calculated values of the amount of heat from heat
transfer process are summarized in Tab.2.

Values of the amount of heat from heat transfer pro

Lai novértétu novadito siltuma daudzumu no siltuma
parejas viedokla, tiek noteikti citi nepiecieSamie parametri:
siltumu atdodo3a virsma, Skidruma lTmena pacelSanas
atrums u.c. Nosakot siltuma atdodoSo virsmu pienem, ka
cilindra apaksé&ja pamatne siltumu apkartéja vidé neatdod,
jo dotaja gadijuma to nosedz noteikts Skidruma slanis.

Zinot sukna razibu Q,, kas dotajam suknim ir 10 litri

minate,

tiek aprékinats Skidruma Imena pacelSanas

atrums V, saspieSanas cilindra procesa laika un art laiks

tsk, kura Skidrums piepilda saspieSanas cilindru. Aprékinu

rezultatd tiek konstatéts,
nepiecieSamas 4.9 minates.

ka cilindra piepildiSanai ir

Parvadito siltuma daudzumu Q, (kJ) no siltuma parejas

viedokla jau var noteikt péc sekojosas formulas:
t,)r

)

kur K - siltuma parejas koeficients (tiek nemts véra, ka
siltums pariet no vienas gazveida vides otra);

F - siltumu atdodo%a virsma, m*

tz - saspieSanas cilindra eso$a metana beigu

temperatdra attiecigajos ciklu posmos, °C.

tav - apkartéjas vides temperatdra, °C.

T - saspieSanas procesa ilgums, s.
Aprékinos iegdta novadita siltuma daudzuma vértibas
no siltuma parejas viedokla apkopotas 2. tabula.

Table 2/ 2. tabula

cess / Novad 1ta siltuma daudzuma v _értibas no siltuma p arejas viedok Ja

Ambient environment The final temperature of Difference of The amount of heat /
temperature / methane in the vessel / temperatures / Siltuma daudzums
Apk artéjas vides temperat dra Cilindr & eso$ a metana beigu Temperat dru starp ba Q[kJ]
tay [C] temperat dra t; [C] to-tay [C]
20 22.9/22,9 29/29 2.85/2,85
20 32.41/32,4 12.4/12,4 12.2/12,2
20 42.2142,2 22.2122,2 21.8/21,8
20 46.5/ 46,5 26.5/26,5 26.0/26,0
20 47.7147,7 27.7127,7 27.2127,2
20 49.1/49,1 29.1/29,1 28.6 /28,6
20 49.9 /49,9 29.9/29,9 29.4/29,4
20 50.6 /50,6 30.6/30,6 30.1/30,1
20 50.9/50,9 30.9/30,9 30.4/30,4
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Experimental research

Experimental prototype (Fig. 3) was a base for
experimental investigation and within the framework of
proper measurements were determined time t, (vessel

filling with fluid), vessel final pressure Poy’ final heating
temperature ¢, in every cycle.

Results of the experimental research confirmed that
the process of filling of the vessel with fluid and forcing out
of the gas from it can be realized without deflections and in
correspondence with safety measures. The filling of the
vessel was carried out within (5 minutes. Vessel and electric
drive system complied with established safety measures.
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Eksperiment alie p étfjumi

Péc eksperimentala prototipa (3. att.) izveidoSanas
tika veikti arm attiecigie eksperimentalie pétijumi, kuru
ietvaros katra cikla tika noteikts cilindra piepildiSanas laiks
(ar Skidrumu) tg, cilindra beigu spiediens p_, ka ar

cilindra uzsilSanas temperatdra t, .

Eksperimentald pétijuma rezultati apstiprindja, ka cilindra
piepildiSanas ar Skidrumu un gazes izspieSanas process
noris bez novirzém un tiek realizéts athilstoSi uzstaditajam
prasibam. Cilindra piepildiSanas laiks tika realizéts [b minasu
laika. Ne cilindra, ne arm elektromotora uzsilSana sistémas
darbibas laika neparsniedza uzstaditas droSibas prasibas.

Fig. 3 — Realized high pressure compressor system of gaseous fuel /
Izveidota gazveida degvielas augstspiediena kompresora sistéma

CONCLUSIONS

= LV pat. No. 13661 B “Method and device to compress
gaseous fuel for vehicles filling” describes device and
method how it works in real life conditions. The
invention may be applied for biomethane
compression;

= In the result of experimental research was approved
that the filling of one vessel is carried out within [b
minutes.

= The prototype achieves the necessary pressure in time
due to the theoretical calculation.

= The prototype can give a rise for establishement of the
commercial sample, however the commercial sample
should be tested in long term conditions to be
convinced that the system and separate units of the
sample work properly.
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SECINAJUMI

= Patenta Nr. 13661 B “Gazveida degvielas saspieSanas
panémiens autotransporta uzpildei un gazes uzpildes
izgudrojums un panémiens ir realizéjams daba un var
tikt pielietots biometana saspieSanai;

= [Eksperimentalo pétijumu rezultdta apstiprindjas, ka
viena cilindra piepildiSanai nepiecieSamais laiks
sashiedz [b mindtes.

= |zveidotais prototips sasniedz nepiecieSamo spiedienu
teorétiskajos aprékinos konstatétaja laika perioda.

= |zveidotais prototips var kalpot par pamatu komerciala
modela izveidoSanai, tadu péc ta izveides ir
nepiecieSams veikt ilgstoSaku komercidla modela
testéSanu, lai parliecinatos par visas iekartas un art
atsevisku mezglu bezatteikuma darbibu.
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