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Abstract

Top Lit Updraft (TLUD) gasifier cookstoves have a high potential to reduce emissions in rural
kitchens due to much cleaner combustion in these stoves as compared to traditional as well as
improved combustion cookstoves. These stoves also result in high thermal efficiency. Although
this type of cookstoves have been in existence for three decades now, literature on systematic
design of such gasifier cookstoves is still scarce. This work aims at bridging this gap by evolving
design recommendations for such cookstoves through a combination of experimental and

numerical analysis of commercially available TLUD cookstoves.

The present work is divided into four phases: 1) The disassembly of commercially available forced
draft TLUD cookstoves to study their constructional features; i1) Understanding the airflow and
distribution into primary and secondary air streams through matching of fan and system resistance
characteristics using a combination of experiments and theoretical analysis of the fluid flow system
of a TLUD cookstove; iii) Experimental interventions in commercial TLUD cookstoves, and
parametric analysis of the effect of operating parameters on performance and emissions of TLUD
cookstoves; iv) Numerical simulation of gasification in a TLUD cookstove using a 1-D model, to
predict the burning rate, air to fuel ratio, cold and hot flow gasification efficiency and exit gas
composition, and thus understand the influence of design and operating parameters on gasifier
performance. Based on the learnings from these four activities, the present work would attempt to

propose design guidelines for TLUD gasifier cookstoves.

In this study 10 cookstoves available in-house have been studied to get the information about their
constructional features. Among these, 3 cookstoves (STOVE 1, STOVE 2 and STOVE 3) have
been selected for detailed study of their construction, in terms of the air flow path and the
arrangement and types of fans used, material and construction of combustion chamber, insulations

and supporting frame for vessel.

A test rig has been prepared to determine the fan characteristics. Three fans available in the market
were selected and tested at three different operating voltages of 6 V, 9 V and 12 V. Using this test
rig, the head — discharge characteristics of these fans have been obtained. A separate test rig has

also been prepared to determine the flow resistance characteristics of the cookstove system. By
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matching the fan and system resistance characteristics, the operating points range has been
determined for STOVE1 and STOVE2. The experimental results suggest that these types of
cookstoves can efficiently operate even with low power requirements. The results also provide
insights into which kind of flow passages show low flow resistance and which ones offer higher
pressure drops — a useful insight for design of combustion airflow systems in TLUD cookstoves.
In order to determine the flow distribution between primary and secondary air passages, an
analytical model has been developed. Using this model, it was found that STOVE 1 has a primary
- secondary air break-up in the range of 18%-82% to 22%-78% over its entire range of operating
airflow rates. For STOVE 2 the primary to secondary air distribution is about 30-70% at all flow

rates.

The experiments were conducted by varying the total air flow rate for STOVE 1 and STOVE 2.
From the results, it emerges that when the primary airflow increases, the fuel burn rate also
increases, and so does the air-biomass ratio — indicating that the rate at which fuel consumption
increases is less than linear with increase in airflow rate. When the secondary air holes are closed
and all air is supplied from primary air holes, burn rates increase more rapidly than when the total
airflow is increased with secondary air holes open. This appears to be because the primary air helps
in consuming char through oxidation as well, when more primary air is provided, and all products
of pyrolysis and gasification burn outside the cookstove, with air from the atmosphere. Efficiency
and maximum flame temperature improve as supply of primary air increases for a given total air.
But beyond an optimal primary air flow, due to char consumption, the performance may
deteriorate, indicating that there is an optimum around 28 — 35% of stoichiometric air as primary
air. Use of burner plates to stabilize and regulate the flame improves flame temperatures and

thermal efficiency owing to better mixing of secondary air with gasification products.

Numerical simulations of the gasification process in TLUD cookstove has been performed by
developing a transient 1-D mathematical model of the phenomena in-house. The results obtained
from the simulations are also compared with the experimental results and are found to be in
reasonable agreement. Parametric study on the effect of fuel particle density, size and type and airflow
rate was conducted. Simulation results show that the gas composition is relatively insensitive to fuel type,
size and particle density. It was observed that at low particle density, char consumption rates determine
biomass consumption rates, while at higher density, it is controlled by pyrolysis rates. Similarly, at larger

particle size, biomass consumption rates are limited by the number of particles that can be present in the
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high temperature reaction area, while at smaller particle size, the consumption rate is determined by the
total particle surface area. Increase in airflow rate shows a constant air-biomass ratio unlike experimentally
observed. Keeping the superficial velocity constant, when the area of the reactor cross section is increased,
the temperature and gas composition are unaltered and biomass consumption increases proportional to the
increase in area — indicating a constant SGR. This appears to be the result of the model being 1-dimensional,

since it is in variance with what is experimentally observed.

Making use of the observations and results of experimental and numerical analyses, a design approach has
been evolved for the design of TLUD cookstoves. It is observed that unlike suggestions in the literature,
the specific gasification rate SGR depends both on the cookstove height and the diameter, and on the
superficial velocity, and dividing the fuel consumption rate by the area of the reactor does not completely
eliminate the effect of the diameter. A more exhaustive and rigorous study is required to completely
parametrize the influence of various cookstove design parameters on the SGR. Once SGR is available for
a given gasifier — fuel combination, basic definitions of specific gasification rate and fuel consumption rate

can be used to calculate the dimensions of the gasifier for a given requirement.
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T feIe 319gT%E (TLUD) To@l & GaNT ATHIUT THS H YGWUTeh! SIthl &l TohaT ST Hehell
¢ @ifh 30 Yog H UGTUT HReh ded HH B1d o AR $oT ol I calam &Y 31f&h gl
gl Bl 38 YR & Yoo i &bl § Hecded A g, W 0 BRI Yool &
ey f8oigst WX Aifged 3t off goler §1 56 S &7 3¢y hradds &9 4
3UesY TLUD Tegl o YAIEcHS 3N HEAlcHe TaeINUT & Hdlelel & HEIH & TLUD
Tegl & fov Bomsa RAwRel & [Iefda a3 380 37T #t &7 F6Em § |

I HT A IR WON & Feniad Far = g i) Aaan@s &9 & 3udsy hiigTe
TLUD To@l I JUeh lch Sofehl ToellcHe AT ol ETTe T, ii) TLUD Tesl &
&d YdIg YUTell & gl 3R dcuifds favewor & Faiee & 30T e 9@ 3R
faFea gfaRiyr [AASARt & B & Aregd @ guffds 3R gfades o armit &
arg gaTg 3R fAeR0T & FASET; i) aTfOIfoTe TLUD Teg! A WA gFdad, 3R TLUD
Terl & Uede 3N o W IR ATaEst & gorg a1 duAfes f&agawor iv) 1-
AT ATSS HT 3ULNT b TLUD Fegl A AT &l HE&ATCHD 3Teehi0T, STelal
e, §ATEYU T, 331 3R I3 YaTg IR0 et R e I waer
HTasgaroll X 50 YR & IGHRR W gl arel 3amse 3R ATRIET ReHex & voma
T T | 37 IR IfArardr & fFell 9@ & MR W), IIAT ST H TLUD IATHRIR
Teal & fov fSomsa fGenfader sedarfaa e &1 s fFar o= § |

$H eI H W] 3T H I dlel FGHIeh & & 3T 10 Yog! bl LTI
3R TWeATcHS [IAVART & TR H STHRT Ired i & v forar =r g1 598 &, 3
ool (STOVE 1, STOVE 2 3R STOVE 3) &l 3ofeh &A1 & faEqgd 3readel & fov gar I
g, s arg vare 9Y 3R gEAATST ThU T 9 N cHaEAT AR TR, agel el
AT 3R AT, segereeT AR wErew A arffer g

q® & AAuantt & [T s & T v gdeor Rer IR fFar o= g SR &
39eeY ciieT U@l T Il AT a1am 3R 6V, 9V 3R 12V & A 3T9T-37e9T TR
diees W adieTor foram aram| 39 f¥ear &1 3UANET leh, 37 9! Fr gs-3Tamer [Advame
gred AT g1 Tegl YuTell @l garg Iy fawansit & FuiRa &&= & fov s
3terer qeToT Rer off R forar a=m @1 9w 3R Raeed iRy fawansit & e
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oh, STOVEL 3R STOVE2 & folw THRfEer uige 39 AuiRa &1 95 g1 graifoie afoms
Said € 7 38 YR & Yo HA faotell I ATl & AT 8 FHRAAAIdh HIH HT
ord &1 IRumE I8 Y IR YeT Fa & fF F9 YR & Yag A6l $H YdE
gfcer fe@ra § 3R $la @ 3T ga@ 319 e #d ¢, g TLUD Yool H &gl arg
gyarg yonfeardl & Bemsa & v v 3uaeht sidefte wnfia a=ar g1 grafas 3k
eidciigen arg AT & &Y garg faeroT iR a3t & foT, faeevoneas Al fawfad
foram T e | 37 AlsT HT ITANET FA §T, TE IMAT 3T 7 STOVE 1 T IR TR
R T Gl @ AT Jelell H 18%-82% T 22%-78% I AT A Teh UIAfAh- cfacas
arg 1 Qs 1 STOVE 2 faIv rafdes & gfachiges arg faoror @ef gar et W
STITSTIT 30-70% & |

AT STOVE 1 31K STOVE 2 & forw $eT Y FATE e P Ie@T-3eT F:ah e v I
aRUTAT &, Tg 3R A AT & 1 STa TraffAe arg vare aar 8, af $Uel Solel 7 &
o 9 el @, 3R arg-SrAE 3epard 8 9 ST § S A g e § R X o
W Y JaTE X H geff & @Y $UT H @ud WWF @ FA gl §1 o9 gfacdas arg
g 9¢ g o § 3K Tl ary & wrufAe ag fBel @ gt & S @, ar stee &
X 3H AT I Jololl H AR ol § Tl § Sidich giadigs arg &g ol g W
%ol A JaTg §6 STl g1 &7 Ul gir & & wrufdAe arg sieedientor & a@ead 4
YR & YA A # 3 FHeg I B, S S GuffAs arg Jero oS g oar
arifafad 3R deor & |8t 3c1g gt & aEY araTeReT ¥ gaT & Wi Soid g
forell few T For Ay & v wrafAE ag i 3l aeet W garer 3R rREdw o
dT9AT H FUR gl &1 oifched Teh $Scadd TAMRF I g § W, IR Tad & FHROT,
yede fers Hehll &, S Hehdl T § o WiufA® ag & &0 & FsHAfeEs gar @
SIITHIT 28-35% g1 3T &I R el 3R AaHT e & T Fek vele &1 39T
ST 3cUTel & ATy EfadiEe gar & SgaR AT & HRUT AT & JTIH R U
GaTdT # FUR AT ¢

TLUD Togl # 0T ufshar &1 d&arcrAs e it 1- R ai0dT Alse
I AT ok fohar aram g1 e & gred IROmAT dr JolelT JaamcAs TROTEAT
T ot Frag g 3R AT gRume 39AT FgAfa arel &1 $U T gelcd, 34U 3R 3R
YR 3R 9 YaE & & yd W WAfeed v fRar I g1 e aRoma
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fe@ra § o 3 ST SUS & YR, 31MehR 3R 0T eled & i 3198TTehd a1l
gl Ig ¢ T b A FUT Uelcd W, IR WU & dIATE TId &I [TeTRa #dr g,
Sefeh 3T Gelcd W, 39 IRRITAAH &¥ @y f@af3d fohar Sirar g1 58 R, 93 &or
AR I, STAATH T9d & 3T d9AT Tiaishdr &9 # #Alslg Hull $r dear @ doifdd
gl 8, STafeh B¢ 0T AR W, WU & el HUT HAG &1F ganT iR giehl g1 arg
vaTg X # FEfd aecHs &9 @ 4@ ¢ R{udid ey arg-araA Jredrd i aRiieh
&1 FAET 9T PN R @A G, 59 RUFeX A AT HT &7 g1 Sl &, T AT
3R AN Fe=er aRafdd Edr § 3R TEE B @ud 8T 7 gl & U A a6
ST § - Teh FEUX SGR &1 Hohd fAeAr &1 ¢aT gdia giar & f& I8 Alsa & 1-3marr
giet &7 IROTA §, Fifh Ig JIN9cA® §F I W 0 aRomAT & et gl

IANfAE R FEATcAS AUl & 3rdelichedl AR IROTAT HT 3TAT A §T, TLUD
qeal & f3oled & fow we f3oms efiewior asfd frar arm &1 a8 dar o= § &
Aifged 7 Fomal & o, faftse deftator &x ser el # T 3R s 3R wad
A gl W AT T 8, 3R Ruae & 419 garT g9«T @ud &X &l faefad & @
gaTa O RE ¥ WA ¢ el &1 T4, SGR W faffieT gegl Boeet AMIest & verma
@l I TE ¥ AT & AT 31 AT 3R HoR HETTT T HETHAT &1 T a-
farely faw a7 ANBRR & AT SGR Ut &1 ST AqWId sU=l HAlew, fafirse deieor
aX 3 Sue @ua &X i giAardr aRemwiat v 3T w e & oS nardear &
foT IMeRR & mET A IUET W & fow Rar ST aswar gl
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