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This paper deals with the exhaust piping modification in order
to modify a open-form cogeneration unit into container form.
Moreover, proposed design takes into account exhaust piping
back-pressure, which is according requirements specified by
the engine manufacturer. Double-way exhaust piping of 350
mm diameter is used. It consists of pipe, catalyst, heat
exchanger, bypass, electronically controlled flaps, bent pipes
and two silencers. Proposed solution also consider space
restrictions, emission scattering and operation noise point of
view. Proposed solution was checked for the desired piping
back-pressure according modern standards. Two variants were
investigated — when the exhaust gases flows through bypass,
and when flowing through heat exchanger. By calculations
were checked expected low values of proposed piping system
back-pressure, what make him able to be used in newly
produced cogenerating units.

Key words: cogeneration unit, exhaust piping, back-pressure,
emission dispersion, noise.

Introduction. Cogeneration units (Cogeneration
or combined heat and power — CHP unit) are nowadays
very requested devices. The role of cogeneration itself is
production of multiple types of energy at the same time.
This device allows you to reduce energy costs. CHP unit
can achieve up to 40% energy savings, thereby greatly
increasing interest of customers in cogeneration units.
An advanced form of cogeneration is trigeneration in
which electrical energy and cold from heat can be
obtained.

There are many complexes (aquaparks, sports
centers, shopping centers, factories, industrial parks)
where cogeneration can be used to save energy costs or
can be used for complexes located in more abandoned
places. CHP wunit can be designed in different
performance classes. Its performance depends on the
used engine and it is possible to produce devices in
range from a couple of kW up to several MW. The CHP
unit can be produced in versions powered by various
fuels, whether liquid or gaseous.

Design of CHP unit can be enclosure, container
and open. A frequent application is to set the device in
the hall or machine room. This is a very practical
solution due to possible servicing and quick access to all
components of the unit. On the other hand, if the
conditions require construction of a compact and easily
stored unit, the CHP units can be made in a container
design. In this embodiment, the unit becomes relatively
space saving and easily moveable [2].

This paper describes the design of an exhaust
system for a new container version of the same
assembly in an open design. The design of the exhaust
system is not intended to optimize performance. Unit is
designed to comply with the maximum allowed exhaust
pipe back-pressure given by the engine manufacturer.

Design of the original exhaust system

The original exhaustion system is adapted to the
hall where the cogeneration unit is stored. For an
optimal characteristics the exhaust pipe of an inner
diameter of 350 mm is used. As can be seen in fig. 1,
the exhaust pipe begins in a corner on the side of the
cogeneration unit housing and opens to the catalyst. It is
also led alongside the CHP unit, where a heat exchanger
from the flue gas is located along with the bypass. At
the heat exchanger are electronically controlled dampers
that direct the flow of residues either to the bypass or to
the heat exchanger. From the bypass and the heat
exchanger, the pipeline runs through two 45-degree
knee pipes out of the building. From the outside of the
hall, we can see two noise mufflers pointing
perpendicularly upwards as shown in fig. 1b) in order to
bring the residues above the building into the air.
System of two mufflers can be used to achieve best
results. The first muffler is resonant usually in
combination with the second muffle, which is
absorptive. Due to the fact that the CHP unit is in a
residential area, two muffler system have been used,
which reduce noise very well to an acceptable limit. A
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supporting structure is provided around the silencers to
ensure the stability of the exhaust system.

Engine cooler Exhaust system

Fig. 1. 3D model of the cogeneration unit
a — internal view, b — external view

Requirements for the new solution

In this case, CHP unit will be located near the
residential area. There will be 3 identical devices, each
with a capacity of 1 MW. Location where the devices
are situated does not contain a hall, therefore customer
decided to use a container construction.

Design prepositions:

* space limitations,

* emission dispersion and noise damping,

« final design of the exhaust.

All three devices are installed next to each other
and the customer has placed the engine cooling,
intercooler and air conditioning on the roof of the
container. Our task was to design the exhaust pipe in the
space remaining for us (Fig. 2). For our design the most
important dimension was the distance between the
ventilation openings and the radiator pipes, which is
3560 mm.

Intercooler

/ Engine cooler

New
exhaust
system

r

Generator

Fig. 2. Space constraint on the roof of the container

Emission dispersion and noise control

Emission dispersion is a very important factor in
the planning of the exhaust system when it comes to
decision where the emissions will be released. The new

cogeneration unit will be located in close proximity to
the residential area, where it is necessary to release the
fumes at the highest point as possible and thus the
appropriate solution is to direct the outlet of the exhaust
pipe vertically upwards to achieve maximum possible
height of exhaustion [7].Two solutions were used to
reduce noise.

First possibility is to use a multi-muffler system
where is used by experiences verified combination a
series of mufflers where the first is resonant and the
second absorber. If only one muffler would be used, it
would not be able to reduce the noise by more than 30
dB. In the case of installation two muffler system, a
total damping of noise up to 45 dB [5, 6] is achieved.

The second possibility is to divert exhaustion
outlet to upright and the exhaust noise to move from the
living area.

The most ideal solution concerning the location of
CHP unit is to use both solutions at the same time to
achieve the lowest noise levels and highest fume
particles dispersion.

Final design proposal of the exhaust pipe

According to previously described conditions the
following solution (Fig. 2) is reached. The exhaust pipe
is located on the roof of the cogeneration unit container.
Immediately, after the first bending of exhaustion pipe,
the inner diameter of pipe is enlarged from 250 mm to
350 mm. These values have been recommended by the
manufacturer based on previous experiences with
construction of CHP unit.

Our proposal is verified with validating calculation
in order to keep satisfying dimensions of exhaustion
system for specified engine (fig. 3). After expansion of
the pipe (A), it flows into the catalyst (B). The catalyst
is followed by the flue gas distribution (C) to either the
bypass (G) or the heat exchanger (D) [3]. Exhaustion
pipe from the heat exchanger as well as from the bypass
is connected to the lead (F) to the first noise muffler
(H). The first noise muffler is followed by previously
mentioned second muffler (H). Direction of the exhaust
pipe on the basis of the previous points is designed from
the point of origin to the first noise muffler upright. This
solution has advantages in low noise generation and low
space requirements.

It is also desired to mention that any bending of
exhaust system is not allowed due to presence of
coolers, which needs to keep proper distance from hot
mufflers. Possible bending of exhaustion pipe in a
different direction from the coolers would also not be a
good solution because only direct vertical solution is
easy to stabilize with only using steel ropes. Possible
bending would require an auxiliary structure and we
would also reduce the amount of flue gas leakage from
the ground, which means we would not follow the
emission and noise damping requirements.

The final design of the exhaust system

Fig. 3 shows final design of the exhaust pipe with
description. Fig. 2 shows the designed exhaust system
located on the CHP unit’s roof. Free space under the
coolers has been used for air conditioning of the
equipment.
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Fig. 3 CHP unit exhaust system assembly
(A-exhaust pipe, B-catalyst, C-exhaust manifold,
D-heat exchanger, E-exhaust duct, F-exhaust manifold,
G- bypass, H- silencer, I- axial compensator, J-clutch)

Verifying calculation

Validating and iterative calculations verified the
outgoing back-pressure of the designed exhaust pipe [1].
It’s minimum and maximum limits are given by the
engine manufacturer in his technical description. In this
case, for the MWM TCG 2020 V12 1MW engine, the
exhaust backpressure value is from 30 to 50 mbar. [8].
Calculation is based on the data given by the
manufacturer of the exhaust pipe. We used Diesel
Installation Manual from the PERKINS’s company
specification. As described in [4], the calculation is
made as follows:

e entering values of the maximum allowed
backpressure in mm Hg,

e entering of backpressure values of used
components (catalytic converter, shock absorber
and heat exchanger),

e calculation of the backpressure value of the
proposed piping system,

e summary of the backpressure values and the
comparison with the maximum allowed
backpressure value of the engine.

In this case, two calculations have to be made as
the exhaust system has two variants of the exhaust gas
pipe. The first variant is to conduct exhaust gases
through the heat exchanger, which is referred to as
Exhaust system with cold exhaust gas. The second
variant is the exhaustion flow through the bypass,
which, however, does not cool the exhaust gases. We

designate this variant as Exhaust system with hot
exhaust gas.

Exhaust system with cold exhaust gas

The allowed exhaust back-pressure of the
manufacturer is converted to units of mm Hg of
Ppaov =22.05 to 37.51 mm Hg.

Exhaust system backpressure values:

e catalyst (Pcy) - 1200 Pa - 9 mm Hg,

e heat exchanger (Pg) - 600 Pa - 4.5 mm Hg,

e 1 muffler (Pg;) - 700 Pa - 5.25 mm Hg,

o 2 muffler (Pgy) - 50 Pa - 0.38 mm Hg.

For calculations of back-pressure are used
formulas (1 - 4) where the inner diameter of the pipe
determines the theoretical length of the straight pipe,
which achieves the same back-pressure as the proposed
bended pipe.

Ly =D.15 (1)

where L - pipe length, m; D - inner diameter of the pipe
segment, m.

For calculating the back-pressure, the inner
diameter of the pipe is again used in the calculation.
Result is the theoretical length of the straight pipe,
which has the same back-pressure as the real, bended
exhaust pipe.

L,=D.30 )

To calculate the axial compensators, the
relationship is then slightly modified.

L,=D.2 A3)

Following formula is used to calculate the
extension of pipe from a diameter of 250 mm to 350
mm.

L,=D.31 (4)

For straight pipes, their actual length in meters is
given.

By calculation, the final length L was obtained,
representing the final air resistance adequate to pipe of
length 48.692 m. According to previous formula (5) we
have calculate final back-pressure of pipe 3.62 mm Hg.

2
p=L2 118710 (5)

533
D

where P - exhaust pipe back-pressure, mm Hg; L - the
total length of the exhaust pipe, m; Q - the amount of
flue gases listed in the specification [8], kg/s; D - inner
diameter in the exhaust pipe (larger), mm.

The calculated back-pressure of the exhaust pipe
system is added to the back-pressure of the
corresponding components and the total exhaust back-
pressure of the exhaust system. According formula (6)
final back-pressure of exhaust system P. = 22.75 mm
Hg was calculated.

PC=P+PCat+PE+P51+P52 (6)
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Table 1 Table 2
Exhaust system with cold exhaust gas Exhaust system with hot exhaust gas
Pipe Pipe
acsceg:'l((l)il:lg Description and formulas }:::;;ft(llc;l)l acsceg:l((l)il:lg Description and formulas ’{:xnegtrlf t(lz:;l
Fig. 3 Fig. 3
Part 1 of straight piece, it’s length is | = 0.079 Part 1 of straight piece, it’s length is 1 0.079
Part A 0.079 m ) Part A =0.079 m )
knee pipe with internal knee pipe with inner
diameter D = 0.25 m, 3.75 diameter D =0.25 m, 3.75
according formula (1) according formula (1)
extension from diameter, extension from diameter,
par i"f D=025mtoD=035m, 10.8 par i"f D=025mtoD=035m, | 10.8
according formula (4) according formula (4)
Part 3 of a straight piece, it’s length is 0.5 Part 3 of a straight piece, its length is 1 05
Part A =0.5m ) Part A =05m )
knee pipe with internal knee pipe with inner diameter
diameter D = 0.35 m, 5.25 D=0.35m, 5.25
according formula (1) according formula (1)
duct with internal diameter duct with inner diameter
Part C D=0.35m, 10.5 Part C D=0.35m, 10.5
according formula (2) according formula (2)
straight piece with length bypass with inner diameter D
Part E 1=1.07m 107 Part G =0.35m, 5.25
knee pipe with internal according formula (1)
diameter D = 0.35 m, according | 5.25 axial compensator with
formula (1) Part I length 1= 0.3 m, according 0.6
straight piece with length 0.165 formula (3)
1=0.165m ) duct with inner diameter
axial compensator with length 1 Part F D =0.35 m, according 10.5
Part I =03m, 0.6 formula (2)
according formula (3) Part ] constriction between the 0228
duct with internal diameter buffers of length 1 =0.228 m )
Part F ?2): 0.35 m, according formula | 10.5 L 47.457
Constriction between the
Part J buffers of length 1=0.228 m | %228 Conclusion
SL 48.692 This paper deals with redesign of a open form
CHP unit to container version. In order of this

After comparing of the entered values it can be
stated that the designed exhaust system with cold
exhaust gas fulfills parameters specified by the engine
manufacturer.

Exhaust system with hot exhaust gas

Allowed exhaust back-pressure is up 22.05 to
37.51 mm Hg.

Exhaust system back-pressure parameters are:

e  Catalyst (Pcy) - 1200 Pa (9 mm Hg),

e | muffler (Pg;) - 1200 Pa (9 mm Hg),

e 2 muffler (Ps;) - 100 Pa (0.75 mm Hg).
Calculation of back-pressure of the proposed pipeline is
based on values in Tab. 2.

The total pipe length of the exhaust system L will
be used in formula (5) and the value of the exhaust
back-pressure is 3.52 mm Hg.

The result of the total backpressure of the exhaust
system according to the formula (6) is 22.27 mm Hg.

After comparing the entered values, it can be
stated that the designed exhaust system with hot exhaust
gas also meets the parameters given by engine
manufacturer.

modification we redesigned exhaust system to make
possible to place it on the container roof. Final design
consists of exhaust pipe, catalyst, flue gas distributor,
heat exchanger, flue gas duct, bypass, several mufflers,
axial compensators, a constriction between the mufflers
and a relatively compact and engine no loading flue gas.
According to verifying calculation we confirmed
estimations about low back-pressure and so final design
can be used for construction of exhaust pipe of new
CHP unit.
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MMaBaik A,
YnockoHajieHHsI

Xaycep B,
KoreHepauiiinoi

KpaBuenko K.
YCTAHOBKH

Y cmammi npedcmasneni pesynomamu Oocniodicens 3
VOOCKOHANICHHST  KOHCMPYKYIL  KoeeHepayitiHol  yCmMaHo8KuU.
Jani yemanosxu 0ozeonsirome 30epicamu 0o 40% eapmocmi
eHepeii i WUpOKo pO3N06CIO0NCEH] AK 6 3aKpumux 00'ekmax,
maxk i Ha iOKpumux npocmopax. Y  00CRiONCeHHAX
BUPTULYBANOCA 3080AHHA OOCACHEHHS HeOOXIOHUX napamempie
YCMAaHOBKU 07151 8i0800y GUXIONHUX 2A318 NPU 3MEHULEHUX
PO3MIpax Ons UKOPUCMAHHA 8 KOHMeUHepax Ha GiOKpumux

npocmopax. Bumsoicna cucmema micmums 06a Kamanu
diamempom 350 wmm. Jlo ocHoémux uacmun cucmemu
8iOHOCAMbCA MPYOU, KAMAni3amop, meniooOMiHHUK, baunac,
KIANAaHu 3 eeKMpPOHHUM YNPAGIIHHAM, GUeHYmi mpyou i oea
enyuwnuka.  Ilpu  pospobyi  moolepHizayii  KoHCMpYKYii
8pAX08YBANOCS  eMICiliHe  pPO3CIIOBAHMSA,  eKCNIyamayiuHull
WwymM, NpOCMOpoOsi 0OMeCeHHs, CYYACHI cmaHoapmu 075
cucmemu  6i06edeHHs:  GUXIONHUX — 2aszie. JiA  oyinKu
Q0YiNbHOCMI  UKOPUCTANHSL  3ANPONOHOBAHOT KOHCMPYKYIL
nposedeHi 08a apianmu po3PAXyHKI@: NPU NPOXOOHCEHHI
BUXJIONHUX 2a3i8 uepe3 Oaiinac i Opyeuul eapianm - uepes
mMeniooOMiHHUK.

Knrouogi cnoea: xozenepayiiina ycmanoeka, GUMAICHA
cucmema, npOMUMUCK, eMIiCiliHe PO3CIIO8AHHS, WYM.

IHaBmuk A., Xaycep B., Kpapuenko E.
YcoBepuieHCTBOBaHHE  KOT€HEPANMOHHOW  YCTAaHOBKH
MoaupuKanueil KOHCTPYKIUH €€ BBIXJIOMHOI CHCTEeMBbI

B cmamve npeocmasnenvt pesyivmamul ucciedo8anuil
N0 YCOBEPULEHCTNBOBAHUIO KOHCMPYKYUU KO2EHePAYUOHHOU
YCMAaHo8Ku. JJanHble YCMAaHOo8KU NO360A10M COXPansamy 00 40
% cmoumocmu dHepeul U WUPOKO YCMAHAGIUBAIOMCS KAK 6
3AKPLIMbIX 00BEKMAx, MAK U Ha OMKPLIMBIX NPOCMPAHCINEAX.
B uccrnedosanusx  pewanacy  3a0aua  OOCMUIICEHUS
mpebyembiXx napamempos YCmMaHo8Ku OJisk OME00d GbIXJIONHBIX
24308 NpU YMEHbUIEHHbIX pasmepax Oisl UCNOTb308AHUA 8
KOHmeliHepax Ha OMKpbImbX npocmpancmeax. Buimsascuas
cucmema cooepaxcum o0sa kKaumaia ouamempom 350 mm. K

OCHOGHBIM ~ Yacmam  cucmemsvl — omHocamcs — mpyoul,
Kamanuzamop, — mennooomennux, — bainac, Kianamel  C
9NeKMPOHHLIM ~ YNpasneHuem, usozHymvle mpyovl u 086a

enywumens. Ilpu paspabomke mooeprusayuu KOHCMPYKYUU
YUUMbBIBATOCH IMUCCUOHHOE pacceusanue,
IKCNIYAMAYUOHHBIL UWYM, NPOCHPAHCIMEEHHbIE 02PANUYEHUS,
cospemenHble CManoapmol OJi CUCTEMbl 0MB00d GbIXIONHbIX
easos. Jlna  oyenku yenecoobpasHocmu  UCHONb30BAHUSA
npeonodceHHoll KOHCMPYKYuu npogedensbl 08a eapuanma
pacuémos: npu npoxodxicoeHuU 8biXJI0NHBIX 24306 Yepes baunac
U 8MOPOLL BAPUAHM — Hepe3 MeNT00OMEHHUK.

Knwuesvie cnosa: KoceHepayuowHas —yCMAaHOSKa,
BLIMAJNCHAA  CUCeEMA,  NPOMUBOOABIEHUe,  IMUCCUOHHOE
pacceusanue, uLym.
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