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ABSTRACT

BACKGROUND: Currently, hovercrafts are used worldwide thanks to their amphibian capabilities and mobility at water and
slightly prepared areas with low supporting properties. Whereas, in practice, hovercrafts have two main systems ensuring
motion, lift and traction which can be combined (operating from a common source of mechanical energy) as well as separated.
This paper considers a hovercraft with separated lift and traction systems. The lift system of this hovercraft consist of piston
diesel internal combustion engine (ICE), hydrostatic transmission, axial fans, feeding channel and an air-cushion plenum.
The considered variant is chosen because hydrostatic transmission has a number of sufficient advantages in comparison
with mechanical transmission with universal shafts and pulley drives, widely used at present time. The paper considers
the open plenum lift system.

AIM: Development of the combined mathematical model of the hovercraft lift system consisting of piston diesel ICE, hydrostatic
transmission and a fan supplying air into the air-cushion plenum.

METHODS: Using the MATLAB/Simulink environment, the engine power adjustment at hovercraft motion on various ground
surfaces is studied with regard to increasing the efficiency of the fan and the whole system. Analytical scheme of the system
is given, acceptable transient characteristics are obtained. Efficiency and range of optimal operation of the Sauer-Danfoss
pump and hydraulic motor are estimated. The process of hovercraft adjustment from the established mode to a new state
when motion condition change is considered.

RESULTS: According to the simulation results, there is influence of the income control signal (adjustment parameter
of engine operation modes) and disturbance signal (pressure change coefficient that defines properties of ground surface)
on parameters describing the hovercraft motion.

CONCLUSION: The developed mathematical model helps to choose and evaluate adjustment parameters of engine operation
modes at hovercraft motion on various ground surfaces, to analyze and to improve the system energy efficiency.

Keywords: hovercraft; lift system; internal combustion engine; hydrostatic transmission; energy efficiency; mathematical
model.
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OpMFMHaﬂbHOE nccnenosaHme

MateMaTuyeckaa Mogenb NOABEMHOM CUCTEMbI CYyAHA
Ha BO3AYLUHOM NogyluKe

A.B. Nenewxmn', H.I'. CocHoBckmir?, B.X. Hryen?

! MOCKOBCKMIA NONTEXHUYECKNI yHUBEpCUTeT, MockBa, Poccuitckas Qepepaums;
2 MOCKOBCKMIA FOCYapCTBEHHBIM TEXHUYECKMt yHnBepcuTeT uM. H.3. bayMaHa (HaLMoHasbHbIN UCCeqoBaTeNbCKMA yHBEpeuTeT), MockBa,
Poccuitckan ®Oepepauma

AHHOTALMA

Beepenue. B HacToAwee BpeMA cyAa Ha Bo3gylwHon nogywke (CBIT) wypoKko npuMeHAIOTCA Bo BCEM Mupe bnaropaps
cBoeMn aM(MOMitHOM CNOCOBHOCTM M MPOXOAMMOCTU Ha BOLHbIX M 31EMEHTApPHO NOArOTOBAEHHBIX NNOLAAKaX C HU3KOM He-
cywwen cnocobHocTbio. Mpy 3ToM Ha npakTuke CBI1 uMeloT ABe rnaBHbIe CUCTEMBI, 06eCeYMBalOLLME ABUKEHME: NOABEM-
HYI0 U TAFOBYIO, KOTOPblE MOrYT ObITb KaK 06beAMHEHHbIE (paboTaloLume OT OQHOM0 MCTOYHMKA MEXaHWYECKON 3HEpruu),
TaK 1 pasgenbHble.

B paHHom cratbe paccmartpusaetca CBIl, uMelowiee pasgenbHble NOSBEMHYIO M TArOBYI0 cUCTEMbI. Mpu 3TOM NOLBEM-
HaA cucteMa Takoro CBI1 cocTouT M3 mopluHeBOro AW3enbHOro ABuratens BHYTpeHHero cropanua ([BC), rugpasnuue-
CKOW TPaHCMUCCUM rMapo06BEMHOMO TUMA, 0CEBbLIX BEHTUIIATOPOB, KaHana noBoAa U KamMepbl 06pa30BaHMA BO3OYLLHOM
nomywku. PaccMaTpyBaeMbiit BapuaHT 06YCnoBieH TeM, YTo rMapoo6bbEMHan TpaHCMUCCUA 06N1afaeT pALOM CyLLeCTBEH-
HbIX MPEVUMYLLLECTB Nepes MeXaHWYeCKoi TPaHCMUCCUEN C KapAaHHLIMU BaflaMM U PEMEHHBIMUM Nepefjadamu, LLUMPOKO Npu-
MeHAEMOW B HacTosLLee BpeMs. B cTaTbe paccMatpuBaeTcA KaMepHan cxeMa 06pa3oBaHUA BO3MYLUHOM NOMYLLKK.

Lienb uccnepoBaHMAa — paspaboTka COBMECTHOW MaTeMaTuyeckon Mogenu nopbéMHow cucteMbl CBIN, coctoswen
13 nopuHeBoro ausenbHoro [1BC, ruapoo6bEMHOM TPaHCMUCCHUM M BEHTUAATOPA, NOJAIOLLEr0 BO3AYX B CEKLMM BO3AYLL-
HOM NOAYLLKK.

Metogpl. B cpene MATLAB/SIMULINK aHanu3vpyeTcs perynmpoBaHue MOLLHOCTY ABUraTens Npyu ABUHKEHUM CyOHa Ha pas-
HbIX OMOPHbIX NOBEPXHOCTAX C TOUKM 3peHus yBennueHua KM BeHTunAatopa u Bcet cucteMsl. [puBedeHa pacuétHan cxe-
Ma CMCTEMbI, MONy4eHbl MpUEMIEeMble NepexoaHble xapaktepuctukm. OuenmBatotea K[, ananasoH ontuManbHow paboTsl
Hacoca u rugpomotopa Sauer-Danfoss. PaccmatpuBaetcs npouecc perynmpoBanva CBI1 oT ycTaHoBMBLUErocA pexkmMMa
[0 HOBOMO COCTOAHMWA MPU U3MEHEHUM YCIIOBUM OBUMKEHUA.

Pe3ynbtatbl. o pesynsTataM MofenvpoBaHWA NOKa3aHOo BIMAHUE BXOLHOIO YNpaBAAKLLEro cMrHana (napameTpa perynu-
POBaHWA PeMMOB paboTbl ABUraTeNA) M BO3MYLLAIOLLEro curHana (KoadduumeHTa nepenasa AaBneHus, onpeaensioLwero
CBOMCTBA OMOPHOI NOBEPXHOCTM) Ha NapaMeTpbl, XapaKTepu3ayloLwme ABUMKEHNE CyaHa.

3aknioueHune. PaspabotaHHan MaTeMaTUyecKan Mofefb NO3BONAET BbIOWMPaTh M OLEHMBaTb NapaMeTpbl perynMpoBaHuA
pekuMa paboTbl ABUratend npyu OBUMKEHUM CydHA Ha pasHbIX MOBEPXHOCTAX, aHaNM3UpOBaTh M yNydllaTb SHeprodddek-
TMBHOCTb CUCTEMBI.

KnioyeBbie cnoBa: CyAHO Ha B03,HYLUHOVI nogyLike; NogbEMHaA CcUCTeMa; ABUraTesb BHYTPEHHEro CropaHus,;
rnapaennyeckan TpaHCMUCCUA; 3H€pr03¢(|)eKTVIBHOCTb; MaTeMaTu4ecKaAa Moaesb.
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INTRODUCTION In th!s hove_rcraft type, a reciprocating diesel mter.nal
combustion engine (ICE) is used as the source of mechanical

Currently, hovercrafts are widely used worldwide energy [2, 3].
because of their amphibious capabilities and mobility on The main issues that need to be addressed when
water and slightly prepared sites with low load-supporting  designing a hovercraft include a reduction in the power
properties. Vessels of this class are self-supported over  consumed on creating the AC, a reasonable ratio of the hover
ground or water surfaces using an air cushion (AC) created  height and vessel size, and improvement in the AC control
by marine-type fans. Approximately one-third of the total  system during the hovercraft movement.

power produced by the hovercraft power plant is consumed The objective of this study is to develop a mathematical
on creating this AC, which ensures the lifting of the vessel's  model of a hovercraft lifting system, which consists of an
main body. ICE, a hydrostatic transmission, and a fan that supplies air

Modern hovercrafts are classified according to the to the AC (Fig. 1).
following main features, which reflect the general structure
and operating principles of hovercrafts: METHODS AND MATERIALS
» degree of interaction between vessel and surface OF RESEARCH

in the hovering and moving modes;

« AC formation; Mathematical description of the hovercraft
« structure of the AC enclosure [1]. fan-air cushion system
In practice, modern hovercrafts are equipped with
two main systems, namely the lifting and traction For a hovercraft to rise above a surface, air pressure

systems. These systems can be either operated together  must be created under its bottom as follows:

(i.e., obtaining mechanical energy from a single source)

or separately. The traction system is used to create an P.=G/S,,

airflow astern, enabling the hovercraft to move forward.

The lifting system is used to provide airflow under where G is the hovercraft mass and S.. is the AC area.

the hovercraft body, enabling the hovercraft to float above The fan creates an airflow of pressure
a surface. The hovercraft traction system is mainly based
on dynamic air pressure, whereas the lifting system is Pa = KqDe

mainly based on static pressure, which is determined
by the design of the lifting system, its size, and its method ~ where K, is a coefficient representing the pressure drop

of control. from the fan to the AC and depends on the airflow, hovercraft
In a hovercraft, where its two main systems are design, and surface properties.
operated separately, the lifting system has several The characteristics of the OV-109 fan selected for this

advantages such as simple design, control (including study are presented in Fig. 2. The construction of this fan
balancing of the vessel) as well as maintenance and repair.  was based on its experimentally verified dimensionless
However, this hovercraft type requires two independent  characteristics [4].

sources of mechanical energy; one for the lifting system When the vessel moves above different surfaces,
and one for the traction system. the pressure loss from the fan to the AC varies, depending
x‘e
e w, ;
g ° Hydraulic Wy a , h
ICE % transmission A Fan P Cushion +——

g

Fig. 1. Principal block diagram of the hovercraft lift system: e, — adjustment parameter of the engine operating mode; g — cyclic
fuel delivery; ®,, M, — rotation velocity and torque transmitted from the engine; ®,, M, — rotation velocity and torque of the fan;
h — hovercraft lift height; O — air flow rate; p, — excessive pressure in the air-cushion; Kp — the hovercraft motion conditions
coefficient.

Puc. 1. MpuHumnnmuansHan 6rok-cxeMa cuctembl noabéma CBIN: e, — napameTp perynuposaHua pexdMa paboTbl Asuratens; g —
LMKNoBaA nofada Tonamea; ®,, M, — cKOpOCTb BPALLEHWA M KPYTALLMIA MOMEHT, NepefaBaeMblid oT ABuratens; o,, M, — cKo-
POCTb BPALLEHWA M KPYTALLMIA MOMEHT BEHTUNATOPa; # — BbicoTa nogbéMa CBIT Hag onopHo noBepxHOCTbIo; O — pacxof BO3AyXa;
P. — u3bbiTouHoe faBneHue B nopylike; K, — KoaGduumenT, yunThiaiolmin ycnoema asumenna CBII.
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on the surface properties. However, the air pressure
in the AC must be maintained at a specific value despite
the change in pressure loss p, — p. = Ap (p,: pressure
under AC), which also leads to a change in p,. In addition,
the vessel weight may change due to the fuel consumed
and cargo carried. At the same time, p,. changes, causing
a change in p,. Thus, the change in p, is equivalent
to the change in K, this is modeled as a disturbing
signal [5].

During mathematical modeling, we assumed that
the pressure and air density over the volume of each AC
cavity are evenly distributed, and the air compression
processes are polytropic.

Mathematical model of the ZMZ-514
diesel engine

In this study, a ZMZ-51432.10 CRS reciprocating diesel
engine that meets the technical requirements was used
in the hovercraft lifting system.

The engine power, efficiency, acceleration response,
reliability, and other parameters were appropriately adjusted
to ensure the required performance under specific operating
conditions.

Due to the ICE characteristics, the selection of such
an engine for transport systems is usually based on the
required maximum power. However, in our case, the engine
uses its maximum power only for a short period because it
operates at partial loads. Therefore, the ICE power must be
appropriately adjusted to achieve high efficiency in partial-
load mode operation.

P, Pa
2,4x10°
2,2x10° ~

2x103 /r]:[],61 '>\

N

1,8X1Ua / /T]=U,73 N
o /-—--\ \/ \( 3200 rpm
1,4x103 \\ __2800 rpm
1,2410° / Y 2500

1X103 / X ‘m /‘I’]=/D,59

y

800
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0

=¥
\e 4
XA~

0 2 4 6 8 10 12 14 16 18
Q, m¥/s

Fig. 2. Head and rate characteristic of the OV-109 fan at various
rotation velocities: point I — the required operation point; 1 —
fan efficiency.
Puc. 2. HanopHo-pacxofHas xapaKTepUCTMKa BeH-
™anatopa O0B-109 npu pasHbiXx YacToTax BpaLLeHuA:
TouKa I — TpebyeMan Touka pabotsl; 1 — KI[ BeHTURATOpA.
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In this study, the diesel engine was adjusted by adjusting
the cyclic fuel supply [6, 71.

Using the DIESEL-RK program and a method for
identifying the engine characteristics, the relationship
between the torque A/, the angular speed of rotation
o, of the engine shaft, and the engine operation control
parameter e, is given as follows [8]:

M, =4+ A -0, +4, -0+ 4,-& + 4, o', (1)

where the corresponding coefficients are determined as
follows:

A,= —1099,56e, — 460,05;
A = 20,46e, + 6,94;
A4,= —0,114e, — 0,0391; 2)
4, = 0,00028¢, + 9,76E - 5;
A,= —2,58E—Te, — 9,09E 8.

Note that the error of the mathematical description of the
ICE operation corresponds to R? values in the 0.977-0.986
range for M, = f(®,) and in the 0.971-0.984 range
for 4; = f{e,), which are considered satisfactory in this
study. N
In equation (2), e, =V is the parameter used
for adjusting the engine operating mode, where N is
the instantaneous engine power and N, is the maximum
engine power. The range of the e, values used in modeling
the engine operating modes was 0.4631 < e, < 0.9539.

The mathematical description of the engine operation
enables us to obtain the engine characteristics within
acceptable deviations from the initial parameter values and
can be used in the developed mathematical model of the
hovercraft lifting system along with the mathematical

models of other elements of this system [9].

Mathematical model
of hydrostatic transmission
of the hovercraft lifting system

Hydrostatic transmission has the following significant
advantages over mechanical cardan-shaft and belt
transmissions, which are widely used nowadays:

« reliability, high performance, smooth operation, high
energy intensity, convenient installation, and easy
maintenance.

« reliable operation at extreme temperatures (-50°C
to + 50°C).

A schematic of the hydrostatic transmission of
the hovercraft lifting system is shown in Fig. 3. This type
of transmission consists of three nonadjusted axial piston
hydraulic components, namely, a main pump (2) and two
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hydraulic motors (5). The pump shaft is driven by the ICE (7).
The pump is connected to the hydraulic motors (5) via two
pipelines (4). The hydraulic motor shafts are connected
to their corresponding AC fans (6).

The leaks of the operating fluid are compensated
by the compensation pump (3), which is driven by the main
pump shaft. When the pressure in one of the pipelines drops
below a permissible level, the corresponding compensation
valve (7) opens and lets liquid pass under pressure
through the pressure line of the compensation pump until
the required pressure level is restored in the pipeline.
Afterward, the compensation valve closes under pressure
in the pipeline.

In the development of the hydrostatic transmission
mathematical model, equations describing the flow balance
at the node points of the hydraulic system (considering
fluid compressibility), differential equations describing
changes in the torque of the shafts of the engine—pump and
hydraulic motor—fan systems, and equations describing
mechanical energy losses in the hydraulic system [10-12]
were used.

RESULTS AND DISCUSSION

Further studies were conducted to analyze the accuracy
of the developed mathematical model. For this purpose,
we considered the transient processes associated
with the regulation of the hovercraft lifting system when
the hovercraft movement conditions change from one
established mode to anather.

The hovercraft movement mode was adopted as the base
mode, which was characterized by the following parameters:
fan rotation speed », = 2500 rpm; AC pressure p, = 853 Pa,
hovercraft airflow rate O = 22.76 m¥/s, and K, = 1.5.

These parameters were used as the initial conditions
for the transient processes.

Fig. 3. Principal scheme of the hydrostatic transmission of the
hovercraft lift system: 7 — the ZMZ-51432.10 CRS engine; 2 —
the Danfoss non-adjustable axial piston pump; 3 — flow from
a feeding pump; 4 — a hydraulic line; 5 — the Danfoss non-
adjustable axial-piston hydraulic motor; 6 — an axial fan; 7 —
a feeding valve.

Puc. 3. MpuHuMnManbHaa cxeMa ruapoobbEMHON TPaHCMMCCUM
cucteMbl noabeéma CBIM: 1 — pgsurarens 3M3-51432.10 CRS; 2 —
Heperynmpyembli aKkcuanbHo-nopLlHeBon Hacoc Danfoss; 3 —
MOTOK, MOCTYNalOLMIiA OT NOAMMTOYHOMO Hacoca; 4 — Tpyborpo-
BOA; 5 — HeperynmpyeMmblit akcuanbHo-MopLUHEBON rMapoMoTop
Danfoss; 6 — oceBoW BEHTUAATOP; 7 — NOANMTOYHbIN KNanaH.
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Hovercraft control by adjusting
the engine operating mode

During modeling, e, was considered as the input (control)
signal; K, was considered as a disturbing signal caused
by the change in surface properties during the hovercraft
movement.

The following two cases were considered:

1) K, changes from 1.5 to 1.1;
2) K,changes from 1.5to 1.7.

MATLAB Simulink was used to simulate the hydraulic
drive. The simulation results are presented in the form
of transient processes (Figs. 4 and Fig. 5).

In case 1, a change in pressure at second 1
of the simulated process (Fig. 4) due to a change in K ,caused
a change in the output signals presented in Fig. 4, namely,
the hovercraft height above the surface, the rotational speed
of the hydraulic motor and fan shafts, the rotational speed
of the engine and pump shafts, the efficiency of the fan,
pump, hydraulic motor, and engine power.

The steady-state values of the system design parameters
when K, changes from 1.5 to 1.1 in the absence of control
are presented in Table 1; the parameter values when using
the proposed control system are presented in line engine
control EC (engine control).

The analysis showed that when K, decreases from 1.5
to 1.1, which corresponds to the hovercraft movement from
a high-K, surface to a low-K, surface, the airflow in AC
increases, resulting in an increase in the hovercraft height 7
above the surface. This leads to a change in the fan operating
point, which departs from its highest efficiency (the fan
efficiency decreases from 71.65% to 64.59%). A decrease in e,
from 0.68 to 0.51 at second 4 of the simulated process causes
a decrease in the amount of fuel consumed by the engine,
leading to a decrease in the rotation speed of the pump
and hydraulic motor shafts. As a result, the airflow in AC
decreases, and the hovercraft height decreases to its initial
value. This enables the hovercraft to save energy under
easier conditions than those corresponding to K, = 1.5.
The fan operating point also returns to its initial highest
efficiency value.

In case 2, when the surface properties change during
the hovercraft movement, the pressure in AC increases due
to an increase in K, from 1.5 to 1.7. The simulation results
are presented in the form of transient processes shown
in Fig. 5.

The analysis showed that when K, increases
from 1.5 to 1.7, which corresponds to the hovercraft
movement from a low-K, surface to a high-K, surface,
the airflow in AC decreases, resulting in a decrease in
the hovercraft height # above the surface. This leads to
a change in the fan operating point, which departs from
its highest efficiency (the fan efficiency decreases from
71.65% to 63.72%). An increase in e, from 0.68 to 0.75 at
second 4 of the simulated process causes an increase in

361
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Fig. 4. Transient processes at K, decreasing: @ — engine adjustment parameter €,; b — signal K,; ¢ — engine rotation velocity 7,;

d — fan rotation velocity 7, ; e — fan efficiency n; f — hovercraft height above the ground /; g — engine power N,.

Puc. 4. lepexofHble npoLiecchl Npy yMeHblueHn K : @ — napaMeTp perynupoBaHna aguratena e, ; b — curnan K ; ¢ — vactota

BpalLeHus aBurarens n,; d — vacToTa BpalueHus BeHTunATopa 7, ; e — K[l BeHTunATopa 1, ; f — BbicoTa CBIN Hag onopHoit no-
BEPXHOCTbIO /2; g — MOLLHOCTb ABUraTens N,.
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Table 1. The system 1 parameters
Tabnuua 1. MNapameTpbl cucTeMbI-1

Tom 17 N2 4, 2023
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K, e, n,, rpm P MPa n,, rpm N, % ., % N, % h, mm N,, kW
1,5 0,68 2659 25,44 2479 88,98 89,10 71,65 39,95 50,47
1,1 0,68 2719 25,41 2537 88,98 89,10 64,59 50,16 51,55
PO 0,51 2361 19,07 2256 88,91 89,67 70,68 40,06 33,89

the amount of fuel consumed by the engine, leading to an
increase in the rotation speed of the pump and hydraulic
motor shafts. As a result, the airflow in AC increases, and
the hovercraft height increases to its initial value, allowing
the hovercraft to improve its ability to move under new
conditions. The fan operating point also returns to its initial
highest efficiency value. It is evident that in case 2, the fuel
consumption increases to enable the hovercraft to operate
under heavier conditions than those corresponding
to K,=1.5.

The steady-state values of the system design parameters
when K, changes from 1.5 to 1.7 are presented in Table 2
after adjusting the operating mode.

CONCLUSION

We developed a mathematical model of the hydraulic
transmission and fan of a hovercraft based on experimental
data. The model employs real calculation methods and
produces fairly accurate results that are significant
in practice. Additionally, it can be used for the selection
and evaluation of the optimal speed of the hydraulic
motor and fan shafts when the hovercraft moves above
specific surfaces by employing an engine operation
control parameter. Furthermore, it can be used to monitor
changes in the pump and hydraulic motor efficiencies
as well as changes in the hydraulic transmission
parameters.

The simulation of the engine, hydraulic transmission,
and the fan that supplies air to AC enables us to determine
the system characteristics. It also enables us to study
the changes in parameters and control methods as well as
to assess the impact of a component on other components
and the operation of the entire system, resulting in reduced
design time and cost.

Table 2. The system 2 parameters
Tabnuua 2. [apameTpbl cMCTEMbI-2
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AONOJIHUTENbHO

Bknap aBtopoB. BaH Xoa HryeH — nouck nybnmkaumii
No TeMe CTaTbW, BLIMOJHEHWE MCCNEO0BaHUI, HanMcaHWe
TeKcTa pykonucy; A.B. JlenelwkMH — Hay4Hoe pyKoBOLCTBO,
pefaKTMpOBaHWe TEKCTa PYKOMUCH, YTBEpHKOEHWE dUHANb-
How Bepcuu; H.I. COCHOBCKMIA — Hay4yHoe pyKOBOACTBO,
PefaKTMPOBaHMe TeKCTa PYKOMWCK, yTBepHKaeHNe QuHanb-
HOW Bepcuun. ABTOpbI MOATBEPKOAIOT COOTBETCTBME CBOEMO
aBTOPCTBa MeMOyHapoOHbIM KpuTepuam ICMJE (Bce aBTo-
pbl BHEC/IN CYLLIECTBEHHBIA BKMaA B pa3paboTKy KOHLenuum,
npoBefeHWe MccnefoBaHWA U MOATOTOBKY CTaTby, NPOYn
1 08obpunn GuHanbHYD BEpCUi0 Neped nybavKaumen).
KoHpnuKT mHTepecoB. ABTOpbI AeKNapupyKT OTCYTCTBUE
ABHbIX M MOTEHUMANbHBIX KOH(DIMKTOB MHTEPECOB, CBA3aH-
HbIX C NyBRMKaLWen HacTOALLEN CTaTby.

UcTouHurk  ¢uHaHcupoBaHuA. ABTOpbl  3aABRAIT
06 OTCYTCTBMM BHELUHEro QUHAHCMPOBaHWA MpW NpoBefe-
HWUW UCCNERO0BaHUA.

K, e, n,, rpm P, MPa n,, rpm N, % N, % N, % h, mm N, kw
1,5 0,68 2659 25,44 2479 88,98 89,10 71,65 39,95 50,47
1,7 0,68 2724 25,40 2542 88,98 89,10 63,72 32,07 51,63
PO 0,75 2829 28,08 2610 88,88 88,79 70,91 40,63 59,02
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Fig. 5. Transient processes at K, increasing: @ — engine adjustment parameter e, ; b — signal K;; ¢ — engine rotation velocity 7,;
d — fan rotation velocity 7, ; e — fan efficiency n,; f — hovercraft height above the ground /; g — engine power N,.

Puc. 5. lMepexofHble Npoueccsl Npy yBennyeHnn K ;: @ — napameTp perynnpoBaHma asuratena e, ; b — curxan K;; ¢ — vactota
BpaLleHuA aBuratens 7, ; d — yvactoTa BpalleHuA BeHTunATopa 7, ; e — K[ BeHTunatopa m,; f — Beicota CBI1 Hap onopHoi no-
BEPXHOCTbIO /1; g — MOLUHOCT fBUTaTeNA N, .
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