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ABSTRACT	

In	 Indian	Coal	mines,	underground	mines,	mineral	ore	mines	syngases	at	high	pressure	and	high	temperature	are	 found	 in	
large	quantities.	This	syngas	is	highly	toxic,	harmful	and	flammable	gas	which	will	be	present	in	atmosphere	which	may	cause	
many	accidents.	Hence	 it	 is	necessary	 to	reduce	 the	content	of	 syngas	 from	mines	 in	 the	atmosphere.	This	paper	describes	
literature	review	of	Convective	heat	transfer	characteristics	of	high	pressure	gas	used	 in	mines.	Heat	transfer	 in	convection	
cooling	 section	 of	 pressurized	 coal	 gasifier	with	 the	membrane	 helical	 coils	 and	membrane	 serpentine	 tubes	 under	 high	
pressure	is	studied.	This	review	covers	the	status	and	perspectives	of	syngas	used	in	heat	exchanger.	It	also	covers	the	work	
carried	 out	 by	 different	 research	 scholar	 in	 this	 promising	 area.	 Some	 suggestions	 in	 the	 form	 of	 new	 concept	 are	 also	
suggested	to	reduce	the	percentage	of	high	pressure	syngas	 in	the	atmosphere.	This	paper	will	be	useful	 for	those	who	are	
working	in	the	field	of	coal	mine,	underground	mines	and	mineral	ore	mines.	
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1.	INTRODUCTION	

High	 pressure	 coal	 gasification	 is	 one	 of	 the	 most	
promising	 technologies	 in	 clean	coal	 technology.	Cooling	
of	the	high	temperature	crude	syngas	is	critical	to	ensure	
the	 efficient	 operation	 for	 integrated	 gasification	
combined	 cycle.	 The	 membrane	 helical	 coil	 and	
membrane	 serpentine	 tubes	 are	 widely	 used	 in	 waste	
heat	recovery	system	of	high	pressure	gasifier	due	to	 its	
compact	 structure	 and	 pressure	 bearing	 ability.	 Many	
experimental	and	numerical	investigations	are	performed	
to	explore	fluid	flow	and	heat	transfer	in	coiled	tubes,	and	
it	has	been	widely	reported	that	heat	transfer	coefficient	
in	helical	coils	are	higher	than	in	a	straight	tube	due	to	the	
influence	 of	 curvature	 and	 torsion	 on	 the	 interior	 flow.	
The	 syngas	 from	 gasifier	 mainly	 consists	 of	 Co	 (50–60	
vol%),H2(25–35vol%),Co2,	H2o,	CH4,	H2S,	N2	and	CoS.	

	

Fig.1.1	Line	Diagram	of	Mines	Exhaust	Gases.	

Fig.1.1	 shows	 a	 line	 diagram	 of	mines	 exhaust	 gases	 .In	
coal	 mines,	 underground	 mines,	 mineral	 ore	 mines	 in	
India	 where	 the	 syngas	 found	 in	 large	 quantity	 at	 high	
temperature	 and	 high	 pressure	 caused	 many	 accidents.	
Some	of	the	examples	are	Raniganj	Blast,	Jharia	Blast	and	
Anjani	Blast	which	caused	many	human	lifes	to	death.		

This	 accident	 happens	 frequently	 due	 to	 fact	 that	
available	gas	which	is	at	high	temperature	and	pressure	is	
directly	 exhausted	 to	 the	 atmosphere	 through	 exhaust	
fans	 and	 fresh	 new	 air	 is	 sucked	 into	 the	 mines	 for	
respiration.	Hence	it	is	necessary	not	to	throw	this	highly	
toxic,	 harmful	 and	 flammable	 gas	 in	 the	 surrounding	
environment.		

It	is	necessary	to	study	the	status	and	perspectives	of	the	
literature	available	on	 this	 technology	which	will	 reduce	
the	 pressure	 and	 temperature	 of	 the	 harmful	 gas.	 This	
study	will	give	some	 important	aspects	which	help	us	 to	
evaluate	the	performance	of	the	gas	when	passed	through	
this	 given	 system.	 Results	 which	 are	 obtained	 from	 the	
different	research	paper	is	collected.	

From	the	previous	work	 it	 is	 found	that	there	 is	no	data	
available	 on	 convective	 heat	 transfer	 of	 high‐pressure	
syngas	 in	 the	 annular	 channel	 formed	 by	 membrane	
helical	 coils.	Therefore,	 the	present	work	 is	 identified	 to	
provide	 convective	 heat	 transfer	 data	 of	 the	 annular	
channel	 formed	 by	membrane	 helical	 coils	 with	 various	
gases,	various	working	pressures	and	various	structures.	

Fig.1.2	 shows	 Geometrical	 configuration	 of	 two	 types	 of	
membrane	 heat	 transfer	 surfaces	 suggested	 to	 replace	
helical	 coil	 by	 membrane	 helical	 coil	 and	 memberane	
serpentine	tubes.	

	

(a)	Membrane	Helical	Coil	(b)	Membrane	Serpentine	
Tubes	
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Fig.1.2	Geometrical	configuration	of	two	types	of	
membrane	heat	transfer	surfaces	

2.	OBJECTIVES	

The	main	objective	of	the	present	work	is	to	evaluate	the	
performance	 parameters	 of	 a	 membrane	 helical	 coil	 &	
membrane	 serpentine	 tube	 through	 hot	 testing,	 which	
includes‐	

1)	 To	 find	 out	 convective	 heat	 transfer	 coefficient	 and	
heat	 transfer	 rate	 by	 propose	 fabricated	 and	 developed	
heat	 exchanger	 with	 membrane	 helical	 coils	 and	
membrane	serpentine	tubes.	

2)	 To	 find	 out	 the	 results	 obtained	 from	 passing	 high	
pressure	and	high	 temperature	gases	 through	 the	newly	
developed	system.	

3)	 To	 present	 the	 various	 correlations	 between	 the	 non	
dimensional	numbers	on	the	graphs.	

4)	 The	 goal	 of	 this	 project	 is	 to	 develop	 technology	 to	
mitigate	 the	 fouling	 that	 occurs	 in	 the	 gasifier	 syngas	
cooler.	

5)	 Analyses	 of	 syngas	 cooler	 deposits,	 modeling,	 and	
guidance	 from	 industry	 will	 be	 used	 to	 (a)	 acquire	 a	
better	 understanding	 of	 fouling	 mechanisms	 and	 (b)	
develop	and	evaluate	strategies	to	mitigate	syngas	cooler	
fouling,	thereby	improving	the	performance	of	the	syngas	
cooler.	

6)	 To	 compare	 the	 experimentally	 obtained	 values	 of	
effectiveness,	 overall	 heat	 transfer	 coefficient	 with	 the	
values	that	are	obtained	from	various	correlations.	

7)	 To	 determine	 the	 thermal	 performance	 parameters	
like	 overall	 heat	 transfer	 coefficient,	 effectiveness	 and	
pressure	 drop	 of	 membrane	 helical	 coil	 &	 membrane	
serpentine	tube	through	hot	testing	under	balanced	flow	
condition.	

8)	To	 suggest	 some	 improvement	 in	 the	 existing	 system	
with	 a	 new	 concept	 to	 improve	 the	 performance	 of	
existing	system.	

9)	 To	 study	 the	 different	 existing	 methods	 available	 to	
reduce	the	percentage	of	syngas	in	the	atmosphere.	

3.	REVIEW	OF	WORK	CARRIED	OUT	

The	 idea	 behind	 this	 research	 paper	 is	 to	 give	
improvement	 in	 existing	 system	 with	 a	 new	 concept.	
Therefore	 the	 dedicated	 literature	 couldn’t	 be	 retrieved,	
but	existing	systems	 including	 technology	advancements	
relevant	 to	 the	 scope	 of	 subject	 have	 been	 studied.	
Extracts	of	relevant	papers	are	as	under	–	

[1]	 Paisarn	 Naphon,	 Somchai	 Wongwises,	 has	
experimentally	 investigated	 the	 heat	 transfer	
characteristics	 and	 the	performance	of	 a	 spiral	 coil	 heat	
exchanger	 under	 cooling	 and	 dehumidifying	 conditions.	
In	 this	work	 author	 has	 used	 the	 heat	 exchanger	which	
consists	of	a	steel	shell	and	a	spirally	coiled	tube	unit.	The	
spiral‐coil	unit	consists	of	six	layers	of	concentric	spirally	
coiled	tubes.	Each	tube	is	fabricated	by	bending	a	9.27mm	

diameter	 straight	 copper	 tube	 into	 a	 spiral‐coil	 of	 five	
turns.	 Air	 and	 water	 are	 used	 as	 working	 fluids.	 The	
chilled	water	entering	the	outermost	turn	flows	along	the	
spirally	coiled	tube,	and	flows	out	at	the	innermost	turn.	
The	hot	air	enters	the	heat	exchanger	at	the	center	of	the	
shell	 and	 flows	 radially	 across	 spiral	 tubes	 to	 the	
periphery.	 A	 mathematical	 model	 based	 on	 mass	 and	
energy	conservation	is	developed	and	solved	by	using	the	
Newton–Raphson	iterative	method	to	determine	the	heat	
transfer	characteristics.	

[2]	 D.	 G.	 Prabhanjan,	 G.	 S.	 V.	 Ragbavan	 and	 T.	 J.	
Rennie,	The	purpose	of	 this	study	was	to	determine	the	
relative	 advantage	 of	 using	 a	 helically	 coiled	 heat	
exchanger	 versus	 a	 straight	 tube	 heat	 exchanger	 for	
heating	 liquids.	 The	 particular	 difference	 in	 this	 study	
compared	 to	 other	 similar	 studies	 was	 the	 boundary	
conditions	for	the	helical	coil.	Most	of	the	studies	is	focus	
on	 constant	 wall	 temperature	 and	 constant	 heat	 flux.	
Whereas	 in	 this	 study	 it	 was	 a	 fluid‐to‐fluid	 heat	
exchanger.	 Results	 shows	 that	 the	 heat	 transfer	
coefficient	 was	 affected	 by	 the	 geometry	 of	 the	 heat	
exchanger	 and	 the	 temperature	 of	 the	 water	 bath	
surrounding	the	heat	exchanger.	All	tests	were	performed	
in	the	transitional	and	turbulent	regimes.	

[3]	Yan	Li,	Xiumin	Jiang	,	Xiangyong	Huang,	Jigang	Jia,	
Jianhui	Tong,	has	done	the	experimental	investigation	on	
the	 three‐dimensional	 numerical	 simulations	 for	 Syngas	
coolers	 with	 different	 baffle	 configuration	 and	 working	
condition.	This	work	is	carried	out	to	reveal	the	effects	of	
baffle	 configuration	 and	 working	 condition	 on	 the	 heat	
transfer	 and	 pressure	 drop	 characteristics.	 The	 major	
findings	are	summarized	as	follows:	

(i)	 Higher	 operating	 pressure	 can	 improve	 the	 heat	
transfer,	however	brings	bigger	pressure	drop	because	of	
the	different	mass	flow	rate.	

(ii)	The	components	of	the	syngas	significantly	affect	the	
pressure	 drop	 and	 the	 heat	 transfer.	 The	 heat	 transfer	
increases	 with	 higher	 H2O	 percentage	 and	 lower	 H2	

percentage.	The	pressure	drop	increases	with	higher	CO2	
percentage	and	lower	H2	percentage.	

(iii)	 The	 arrangement	 of	 the	 baffles	 influences	 the	 fluid	
flow	 In	 a	 certain	 range,	 shortening	 the	 height	 of	 the	
baffles,	 decreasing	 the	 number	 of	 the	 baffles	 and	
widening	the	space	between	the	baffles	can	decrease	the	
resistance	effectively.	

[4]	 Somchai	 Wongwises,	 Yutasak	 Chokema,	 An	
experimental	study	is	conducted	to	investigate	the	effects	
of	 a	 fin	 pitch	 and	 number	 of	 tube	 rows	 on	 the	 air	 side	
performance	 of	 fin	 and	 tube	 heat	 exchangers	 having	
herringbone	 wavy	 fin	 configuration	 at	 various	 fin	
thicknesses.	 A	 total	 of	 10	 samples	 of	 fin	 and	 tube	 heat	
exchanger	 with	 a	 tube	 outside	 diameter	 of	 9.53	 mm,	
transverse	 tube	 pitch	 of	 25.4	mm	 and	 longitudinal	 tube	
pitch	of	19.05	mm,	having	various	fin	pitches,	number	of	
tube	 rows	 and	 fin	 thicknesses,	 are	 tested	 in	 a	 well	
insulated	 open	 wind	 tunnel.	 The	 heat	 exchangers	 are	
made	from	aluminum	plate	finned,	copper	tube.	Ambient	
air	 is	 used	 as	 a	 working	 fluid	 in	 the	 air	 side	 while	 hot	
water	is	used	for	the	tube	side.	The	results	are	presented	
as	 the	 variation	 of	 the	 friction	 factor	with	 the	 Reynolds	
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number	 based	 on	 the	 fin	 collar	 outside	 diameter.	 The	
experimental	 results	 reveal	 that	 the	 fin	 pitch	 has	 an	
insignificant	effect	on	the	heat	transfer	characteristic.	The	
friction	factor	increases	with	increasing	fin	pitch	when	Re	
>	2500,	approximately.	The	 friction	 factor	decrease	with	
increasing	 number	 of	 tube	 rows	 when	 Re<	 4000,	
approximately.	These	 results	 remain	 the	 same	when	 the	
fin	thickness	is	changed.	

	[5]H.Taherian,	 P.L.Allen,	 In	 the	 present	 study	 author	
has	 experimentally	 investigated	 the	 mixed	 convection	
heat	 transfer	 in	 a	 coil‐in‐shell	 heat	 exchanger.	 This	
analysis	 is	reported	 for	Reynolds	and	Rayleigh	numbers,	
various	 tube‐to‐coil	 diameter	 ratios	 and	 dimensionless	
coil	 pitch.	 The	 purpose	 of	 this	 article	 is	 to	 assess	 the	
influence	 of	 the	 tube	 diameter,	 coil	 pitch,	 shell‐side	 and	
tube‐side	mass	flow	rate	over	the	performance	coefficient	
and	modified	 effectiveness	of	 vertical	 helical	 coiled	 tube	
heat	 exchangers.	 The	 calculations	 have	 been	 performed	
for	the	steady‐state	and	the	experiments	were	conducted	
for	 both	 laminar	 and	 turbulent	 flow	 inside	 coil.	 It	 was	
found	 that	 the	mass	 flow	 rate	 of	 tube‐side	 to	 shell‐side	
ratio	 was	 effective	 on	 the	 axial	 temperature	 profiles	 of	
heat	exchanger.	

[6]A.Figueiredo,A.Raimundo	has	done	the	experimental	
investigation	on	 the	 analysis	 of	 the	performance	of	 heat	
exchangers	 used	 in	 hot	 water	 stores.	 In	 this	
paper,thermal	 response	 of	 a	 hot‐water	 store	 and	 the	
thermal	 discharge	 characteristics	 from	 heat	 exchanger	
coils	placed	inside	have	been	experimentally	investigated.	
The	analysis	of	 the	experimental	 results	 shows	 that	 it	 is	
possible	 to	 describe	 the	 thermal	 behavior	 of	 these	
systems	by	 the	use	of	 a	 convenient	 set	of	dimensionless	
parameters.	 Two	 different	 geometric	 configurations	 of	
the	 heat‐exchanger	 coils	 were	 investigated	 namely	 the	
classic	cylindrical	coil	and	the	flat	spiral	coil.	This	last	one	
presenting	 a	 greater	 heat	 transfer	 efficiency.	 The	
hypothesis	 of	 a	 lumped	 heat	 capacity	 for	 the	 thermal	
evolution	of	the	water	store	enables	the	construction	of	a	
simplified	 theoretical	 model.	 The	 solution	 of	 which,	
obtained	 by	 a	 numerical	 method	 which	 predicts	 with	
reasonable	 accuracy	 the	 time	 evolutions	 of	 both	 the	
average	 temperature	 of	 the	water	 tank	 and	 of	 the	 inlet‐
outlet	temperature	difference	of	the	circulating	water.	

[7]G.Karahalios,	 has	 done	 the	 experimental	
investigation	 on	 Mixed	 convection	 flow	 	 in	 a	 heated	
curved	pipe	with	core.In	the	present	work	attempts	were	
made	to	investigate	the	hydrodynamics	and	heat	transfer	
charactericts	of	tube	in	tube	helical	heat	exchanger	at	the	
pilot	plant	scale.The	experiment	is	carried	out	in	counter	
current	 mode	 operation	 with	 hot	 fluid	 in	 the	 tube	 side	
and	 cold	 fluid	 in	 the	 annulus	 area.	 The	 outer	 tube	 was	
fitted	with	 semicircular	plates	 to	 support	 the	 inner	 tube	
and	also	to	provide	high	turbulence	in	the	annulus	region.	
Overall	 heat	 transfer	 coefficients	 were	 calculated	 and	
heat	transfer	coefficients	in	the	inner	and	outer	tube	were	
determined	using	Wilson	plots.	

[8]	 N.	 Ghorbani,	H.	 Taherian,	M.	 Gorji,	H.	
Mirgolbabaei,	 In	 this	 study	 the	 mixed	 convection	 heat	
transfer	 in	 a	 coil‐in‐shell	 heat	 exchanger	 for	 various	
Reynolds	 numbers,	 various	 tube‐to‐coil	 diameter	 ratios	
and	different	dimensionless	coil	pitch	was	experimentally	
investigated.	 The	 experiments	 were	 conducted	 for	 both	

laminar	and	turbulent	flow	inside	coil.	Effects	of	coil	pitch	
and	tube	diameters	on	shell‐side	heat	transfer	coefficient	
of	 the	 heat	 exchanger	 were	 studied.	 Different	
characteristic	 lengths	 were	 used	 in	 various	 Nusselt	
number	 calculations	 to	 determine	which	 length	 best	 fits	
the	 data	 and	 several	 equations	 were	 proposed.	 The	
particular	difference	in	this	study	in	comparison	with	the	
other	similar	studies	was	the	boundary	conditions	for	the	
helical	 coils.	 The	 results	 indicate	 that	 the	 equivalent	
diameter	of	shell	is	the	best	characteristic	length.	

[9]	 Vimal	 Kumar,Supreet	 Saini,Manish	
Sharma,K.D.P.Nigam,has	 done	 the	 experimental	
investigation	 on	 coil‐in‐coil	 heat	 exchanger	 on	 the	 pilot	
plant	scale.	The	mass	flow	rate	in	the	inner	tube	and	the	
annulus	 were	 both	 varied	 and	 the	 counter	 flow	
configuration	 was	 tested.	 The	 experimentally	 obtained	
overall	 heat	 transfer	 coefficient	(U0)	for	 different	 values	
of	 flow	 rate	 in	 the	 inner‐coiled	 tube	 and	 in	 the	 annulus	
region	 were	 reported.	 It	 was	 observed	 that	 the	 overall	
heat	 transfer	 coefficient	 increases	 with	 increase	 in	 the	
inner‐coiled	tube	Dean	number	for	a	constant	flow	rate	in	
the	 annulus	 region.	 Similar	 trends	 in	 the	 variation	 of	
overall	 heat	 transfer	 coefficient	 were	 observed	 for	
different	 flow	 rates	 in	 the	 annulus	 region	 for	 a	 constant	
flow	rate	in	the	inner‐coiled	tube.	

[10]	M.R.	Salimpour,	An	investigation	was	carried	out	to	
study	 the	 heat	 transfer	 characteristics	 of	 temperature‐
dependent‐property	 engine‐oil	 flow	 inside	 shell	 and	
coiled	 tube	 heat	 exchangers	 experimentally.	 Heat	
exchangers	with	 three	different	 coil	pitches	and	oil	 inlet	
temperatures	were	 tested	 in	 counter‐flow	 configuration.	
It	was	revealed	that	the	empirical	correlation	for	constant	
property	assumption	has	a	remarkable	deviation	from	the	
present	data	especially	in	high	Dean	number	region.	From	
the	results	of	the	present	study,	it	was	found	out	that	the	
increment	 of	 oil	 inlet	 temperature	 decreases	 the	 heat	
transfer	coefficients.		

Also,	 it	 was	 seen	 that	 the	 coil‐side	 heat	 transfer	
coefficients	of	the	coiled	tubes	with	larger	pitches	are	less	
than	those	of	the	ones	with	smaller	pitches;	and	the	effect	
of	 pitch	 on	 Nusselt	 number	 is	 more	 discernible	 in	 high	
temperatures.	Finally,	based	on	the	results	of	this	study,	a	
correlation	 was	 developed	 to	 predict	 the	 coil‐side	 heat	
transfer	 coefficients	 of	 the	 shell	 and	 coiled	 tube	 heat	
exchangers.	

[11]	Y.M.	Ferng,	W.C.	Lin,	C.C.	Chieng,	A	computational	
fluid	 dynamics	 (CFD)	 methodology	 is	 proposed	 in	 this	
paper	to	investigate	effects	of	different	Dean	(De)	number	
and	pitch	size	on	the	thermal	hydraulic	characteristics	in	
a	 helically	 coil‐tube	 heat	 exchanger.	 Three	 values	 of	 De	
number	 and	 four	 sizes	 of	 pitch	 are	 considered	 herein.	
Based	 on	 the	 simulation	 results,	 the	 complicated	
phenomena	 occurred	within	 a	 helically	 coiled‐tube	 heat	
exchanger	can	be	reasonably	captured,	including	the	flow	
acceleration	 and	 separation	 in	 the	 shell	 side,	 the	
turbulent	 wake	 around	 the	 rear	 of	 a	 coiled	 tube,	 the	
secondary	flow	within	 the	 tube,	and	the	developing	 flow	
and	heat	transfer	behaviors	from	the	entrance	region,	etc.	
Existing	 experimental	 data	 of	 friction	 factor	 and	Nusselt	
(Nu)	 number	 versus	 Re	 number	 (or	 De	 number)	 have	
been	used	 to	validate	 the	present	CFD	model.	According	
to	 the	 comparison	 results,	 the	 present	 predicted	 trends	
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correspond	 with	 the	 experimental	 measurements	 both	
qualitatively	and	quantitatively.	

[12]	 Devanahalli	 G.	 Prabhanjan,	 Timothy	 J.	 Rennie,	
G.S.	 Vijaya	 Raghava,	 An	 experimental	 investigation	 of	
the	 natural	 convection	 heat	 transfer	 from	 helical	 coiled	
tubes	 in	 water	 was	 performed.	 The	 outside	 Nusselt	
number	 was	 correlated	 to	 the	 Rayleigh	 number	 using	
different	 characteristic	 lengths.	 The	 relationship	 was	
based	 on	 a	 power	 law	 equation.	 The	 constants	 in	 the	
equation	 are	 presented	 for	 each	 of	 the	 different	
characteristic	 lengths	 used.	 The	 best	 correlation	 was	
using	 the	 total	 height	 of	 the	 coil	 as	 the	 characteristic	
length.	The	developed	models	were	then	used	to	develop	
a	prediction	model	to	predict	the	outlet	temperature	of	a	
fluid	 flowing	 through	 a	 helically	 coiled	 heat	 exchanger,	
given	 the	 inlet	 temperature,	 bath	 temperature,	 coil	
dimensions,	 and	 fluid	 flow	 rate.	 The	 predicted	 outlet	
temperature	was	compared	 to	measured	values	 from	an	
experimental	 setup.	 The	 results	 of	 the	 predicted	
temperatures	were	close	 to	 the	experimental	values	and	
suggest	that	the	method	presented	here	has	promise	as	a	
method	of	predicting	outlet	 temperatures	 from	similarly	
dimensioned	heat	exchangers.	

[13]	K.	 Shaji,	 Sarit	K.	Das,	 has	 done	 the	 experimental	
investigation	 on	 a	 single‐blow	 transient	 test	 technique	
based	 on	 axial	 dispersion	 model	 is	 proposed	 for	 the	
determination	of	 both	heat	 transfer	 coefficient	 and	axial	
dispersion	 coefficient	 in	 plate	 heat	 exchangers,	
characterized	 by	 NTU	 and	 dispersive	 Peclet	 number	
respectively.	 The	 present	 experimental	 analysis	 deals	
with	 the	 effect	 of	 flow	 maldistribution	 on	 the	 transient	
temperature	 response	 for	 U‐type	 plate	 heat	 exchangers.	
The	 experiments	 are	 carried	 out	with	 uniform	and	non‐
uniform	flow	distributions	for	various	flow	rates	and	two	
different	numbers	of	plates.	Special	effort	has	been	made	
to	differentiate	 the	deviation	 from	plug	 flow	due	 to	 flow	
maldistribution	 and	 fluid	 backmixing.	 The	 fluid	 axial	
dispersion	 is	 used	 to	 characterize	 the	 backmixing	 and	
other	 deviations	 from	 plug	 flow.	 Due	 to	 unequal	
distribution	 of	 the	 fluid,	 the	 velocity	 of	 the	 fluid	 varies	
from	 channel	 to	 channel	 and	 hence	 the	 heat	 transfer	
coefficient	 variations	 are	 also	 taken	 into	 consideration.	
The	 computed	 outlet	 fluid	 temperatures	 are	 compared	
with	experimental	outlet	temperatures,	and	the	values	of	
dispersive	 Peclet	 numbers	 are	 estimated.	 The	 results	
indicate	 that	 in	 order	 to	 get	 parameters	 independent	 of	
the	number	of	plate	used	in	single‐blow	experiment,	it	is	
essential	to	isolate	flow	maldistribution	from	backmixing.	
This	paper	has	brought	out	a	practical	way	in	which	this	
isolation	 can	 be	 done	 in	 the	 process	 of	 data	 reduction	
through	suitable	computational	model.	

[14]	 Timothy	 J.	 Rennie,	 Vijaya	 G.S.	 Raghavan,	 An	
experimental	 study	 of	 a	 double‐pipe	 helical	 heat	
exchanger	was	performed.	Two	heat	exchanger	sizes	and	
both	 parallel	 flow	 and	 counterflow	 configurations	 were	
tested.	 Flow	 rates	 in	 the	 inner	 tube	 and	 in	 the	 annulus	
were	varied	and	temperature	data	recorded.	Overall	heat	
transfer	 coefficients	 were	 calculated	 and	 heat	 transfer	
coefficients	 in	 the	 inner	 tube	 and	 the	 annulus	 were	
determined	 using	 Wilson	 plots.	 Nusselt	 numbers	 were	
calculated	 for	 the	 inner	 tube	and	 the	annulus.	The	 inner	
Nusselt	 number	 was	 compared	 to	 the	 literature	 values.	
Though	 the	 boundary	 conditions	 were	 different,	 a	

reasonable	comparison	was	found.	The	Nusselt	number	in	
the	 annulus	 was	 compared	 to	 the	 numerical	 data.	 The	
experimental	 data	 fit	 well	 with	 the	 numerical	 for	 the	
larger	 heat	 exchanger.	 But,	 there	were	 some	differences	
between	 the	 numerical	 and	 experimental	 data	 for	 the	
smaller	 coil;	 however	 these	 differences	 may	 have	 been	
due	to	the	nature	of	the	Wilson	plots.		

[15]	 Piroz	 Zamankhan,	 (Faculty	 of	 Industrial	
Engineering,	 Mechanical	 Engineering	 and	 Computer	
Sciences,	 University	 of	 Iceland,	 Hjardarhagi	 2‐6,	 IS‐107	
Reykjavik,	 Iceland),	 has	 done	 the	 experimental	
investigation	on	a	3D	mathematical	model	 to	 investigate	
the	heat	 transfer	 augmentation	 in	 a	 circular	 tube	with	 a	
helical	 turbulator.	 Glycol–water	 blends	 of	 various	
concentrations	 were	 used	 in	 the	 inner	 tube,	 and	 pure	
water	 was	 used	 in	 the	 outer	 tube.	 Changes	 in	 fluid	
physical	 properties	 with	 temperature	 were	 taken	 into	
account,	 and	 large	 eddy	 simulations	were	 developed	 for	
turbulence	 modeling.	 The	 simulation	 results	 showed	 a	
nonlinear	variation	in	Reynolds	and	Prandtl	numbers	for	
a	long	model	of	a	heat	exchanger	even	in	the	absence	of	a	
turbulator.	 The	 presence	 of	 the	 turbulator	was	 found	 to	
increase	 the	 heat	 transfer,	 sometimes	 without	 inducing	
turbulence,	 but	 also	 increased	 the	 pressure	 drop.	 The	
results	 demonstrate	 that	 the	 model	 could	 be	 used	 as	 a	
useful	 tool	 for	 optimization	 of	 heat	 exchanger	
performance	in	the	presence	of	a	turbulator.	Comparisons	
with	 experimental	 data	 showed	 reasonably	 agreement	
with	large	eddy	simulation	results.	

[16]	 Mao‐Yu	 Wena,	 Ching‐Yen	 Ho,	 (Department	 of	
Mechanical	 Engineering,	 Cheng	 Shiu	 University,	
Kaohsiung	 833,	 Taiwan,	 ROC),	 This	 work	 presents	
information	of	an	experimental	design	on	the	elements	of	
the	 fin‐and‐tube	 heat	 exchanger.	 In	 this	 study,	 three	
different	 fins	 (plate	 fin,	 wavy	 fin,	 and	 compounded	 fin)	
were	 investigated	 in	 a	 wind	 tunnel.	 The	 heat	 transfer	
coefficient,	the	pressure	drop	of	the	air	side,	the	Colburn	
factor	 (j),	 and	 fanning	 friction	 factor	 (f)	 against	 air	
velocity	 (1–3	 m/s)	 and	 Reynolds	 number	 (600–2000)	
have	 been	 discussed.	 In	 order	 to	 shed	 light	 on	 the	 fluid	
flow	 phenomena,	 flow	 visualization	was	 also	 realized	 to	
observe	the	detailed	fluid	flow	characteristics.	The	results	
of	the	wavy	fin	to	the	flat	fin	show	that	the	pressure	drop,	
heat	 transfer	 coefficient,	 f	 factor	 and	 j	 factor	 increase	
about	10.9–31.9%,	11.8–24.0%,	2.2–27.5%	and	0.5–2.7%,	
respectively.	 In	 addition,	 the	 results	 of	 the	 compounded	
fin	compared	to	the	flat	 fin	show	that	the	pressure	drop,	
heat	 transfer	 coefficient,	 f	 factor	 and	 j	 factor	 increase	
about	 33.5–63.1%,	 27.0–	 45.5%,	 6.9–71.1%	 and	 9.4–
13.2%,	 respectively.	 In	 summary,	 this	 study	 strongly	
suggests	 the	 use	 of	 the	 compounded	 fin	 constructed	 for	
heat	exchanger.	

[17]	Chi‐Chuan	Wang,	Kuan‐Yu	Chi,	Chun‐Jung	Chang,	
(Energy	 and	 Resources	 Laboratories,	 Industrial	
Technology	 Research	 Institute,	 Hsinchu,	 Taiwan),	 has	
experimentally	investigated	a	correlation	for	fin‐and‐tube	
heat	exchanger	having	plain	 fin	geometry	 is	proposed	 in	
this	study.	A	total	of	74	samples	were	used	to	develop	the	
correlation.	 For	 practical	 considerations,	 the	 proposed	
heat	 transfer	 correlation	 had	 absorbed	 the	 contact	
conductance	 in	 the	 development	 of	 correlation.	 The	
proposed	heat	transfer	correlation	can	describe	88.6%	of	
the	 database	 within	 215%,	 while	 the	 proposed	 friction	
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correlation	 can	 correlate	 85.1%	 of	 the	 database	 within	
215%.	 The	 mean	 deviation	 of	 the	 heat	 transfer	
correlation	is	7.51%,	while	that	for	the	proposed	friction	
correlation	is	8.31%.	

[18]	 Qiuwang	 Wang,	 Qiuyang	 Chen,	 Guidong	 Chen,	
Min	Zeng,	 (State	 Key	 Laboratory	 of	Multiphase	 Flow	 in	
Power	 Engineering,	 Xi’an	 Jiaotong	 University,	 Xi’an	
710049,	 China),	 In	 the	 present	 paper,	 a	 combined	
multiple	 shell‐pass	 STHX	with	 continuous	 helical	 baffles	
in	the	outer	shell	pass	(CMSP‐STHX)	 is	 investigated	with	
CFD	method	and	compared	with	a	single	shell	pass	STHX	
with	 segmental	 baffles	 (SG‐STHX).	 The	 conclusions	 are	
summarized	as	follows:	

(1)	 Under	 the	 same	 mass	 flow	 rate	 M	 and	 overall	 heat	
transfer	rate	Qm,	the	average	overall	pressure	drop	Dpm	
of	the	CMSP‐STHX	is	lower	than	that	of	SG‐STHX	by	13%.	

(2)	 Under	 the	 same	 overall	 pressure	 drop	 Dpm	 in	 the	
shell	side,	the	overall	heat	transfer	rate	Qm	of	the	CMSP‐
STHX	is	nearly	5.6%	higher	than	that	of	conventional	SG‐
STHX	and	the	mass	flow	rate	in	the	CMSP‐STHX	is	about	
6.6%	higher	than	that	in	the	SG‐STHX.	

[19]	 P.	 Poskas,	 V.	 Simonis,	 V.	 Ragaisis,	 (Lithuanian	
Energy	 Institute,	 Nuclear	 Engineering	 Laboratory,	
Breslaujos	3,	LT‐44403	Kaunas,	Lithuania),	Experimental	
results	 and	 analysis	 of	 heat	 transfer	 from	 convex	 and	
concave	walls	 (surfaces)	and	average	heat	 transfer	 from	
both	walls	 to	hydrodynamically	and	 thermally	 stabilized	
air	 flow	 in	 rectangular	 helical	 channels	 with	 two‐sided	
heating	 over	 a	 wide	 range	 of	 flow	 hydrodynamic	 (Re	 =	
103–2	 *	 105)	 and	 geometric	 parameters	 (relative	
curvature	D/h	=	5–90	and	relative	width	b/h	=	2–20)	are	
presented.	 It	 is	 established,	 that	 in	 case	 of	 two‐sided	
heating	the	heat	transfer	(Nu	numbers)	from	convex	and	
concave	 walls	 increases	 up	 to	 20%	 in	 comparison	 with	
one‐sided	 heating.	 Average	 heat	 transfer	 in	 helical	
channels	 increases	 up	 to	 50%	 for	 laminar‐vortex	 flow	
regime,	 and	 up	 to	 20%	 for	 turbulent	 flow	 regime	 in	
comparison	 with	 heat	 transfer	 in	 straight	 flat	 channel.	
Correlations	are	proposed	for	stabilized	heat	transfer	for	
different	flow	regimes.	

[20]	 Mohamed	 A.	 Abd	 Raboh,	 Hesham	 M.	 Mostafa,	
Mostafa	 A.	 M.	 Ali	 and	 Amr	 M.	 Hassaan,	 (Faculty	 of	
Engineering,	 Al	 Azhar	 University,	 Egypt),	 Experimental	
study	was	conducted	to	determine	the	condensation	heat	
transfer	 of	 steam	 which	 flow	 inside	 helical	 coil.	 The	
operating	 parameters	 are;	 pipe	 diameter,	 coil	 diameter,	
coil	 pitch,	 and	 coil	 orientations.	 The	 obtained	
experiments	 results	 show	 that;	 condensation	 heat	
transfer	 coefficient	 increases	with	 decreasing	 saturation	
temperature.	 Condensation	 heat	 transfer	 coefficient	
increases	with	the	decrease	pipe	diameter	and	helical	coil	
diameter	 then	 it	 is	 decreases.	 Also	 condensation	 heat	
transfer	 coefficient	 increases	 with	 the	 increase	 of	 coil	
pitch	up	to	a	certain	value	(p=40	mm)	then	it	is	decreases.	
Condensation	heat	transfer	coefficient	takes	higher	values	
for	inclined	position	with	angle	45o	than	the	vertical	and	
other	 inclination	 angles.	 Therefore	 the	 optimum	
operating	parameters	in	the	studied	operating	range	are;	
di	=4.95	mm,	D=	100	mm,	P=40	mm,	and	inclination	angle	
for	 coil	 45	 degree.	 Accordingly	 the	 optimum	
dimensionless	 operating	 parameters	 in	 the	 studied	

operating	 range	 are;	 D/di	 =20.2,	 L/di	 =1012	 and	 P/di	
=8.1.	 An	 empirical	 correlation	 for	 Nusselt	 number	 as	 a	
function	of	Reynolds	number	and	the	examined	operating	
parameters.	

4.	 SUGGESTIONS	 TO	 IMPROVE	 THE	 EXISTING	
SYSTEM	

(i)	 In	 present	 system	 the	 helical	 coils	 are	 used	 for	
reducing	 the	 temperature	 and	 pressure.	 These	 helical	
coils	may	be	replaced	by	using	the	membrane	helical	coils	
and	membrane	serpentine	tube	for	reducing	the	pressure	
and	 temperature.	 By	 using	 this	 coil	 we	 will	 get	 the	
reduced	 pressure	 and	 temperature	 as	 compared	 to	 the	
helical	coils	or	straight	tube.	

(ii)	The	heat	transfer	rate	of	the	helical	coils	is	much	less	
in	helical	coil	as	compared	to	the	membrane	helical	coils	
and	membrane	 serpentine	 tube.This	 gives	 the	 high	 heat	
transfer	 rate	 in	 membrane	 helical	 coil	 and	 serpentine	
tube.	

(iii)	The	percentage	of	the	syngases	coming	out	from	the	
helical	coils	much	higher	than	the	membrane	helical	coils.	
This	can	be	reduced	by	using	membrane	helical	coils	and	
membrane	serpentine	tubes	for	reducing	the	percentages	
of	the	syngases.	

iv)	 Co	 and	H2	 are	 toxic,	 flammable	 and	explosive,	 so	 the	
safe	 gases	 (N2	 and	 He)	 whose	 physical	 properties	 are	
similar	to	Co	and	H2	may	be	use	to	substitute	Co	and	H2	for	
analysis	purpose.	

5.	CONCLUSION	

From	the	review,	it	is	found	that	in	the	Indian	Coal	mines,	
the	high	 temperature	 and	high	pressure	 of	 the	 syngases	
are	 found	 in	 sample	 quantities.	 Because	 of	 these	 highly	
noxious,	 pernicious	 and	 flammable	 gases	 which	 will	
release	 in	 environment	 and	 may	 harm	 environment	 or	
may	cause	many	number	of	accidents.	From	the	literature	
survey,	it	is	found	that	most	of	the	work	is	carried	out	on	
helical	 tube	 heat	 exchanger.	 Use	 of	 a	 helical	 coil	 heat	
exchanger	 will	 increase	 the	 heat	 transfer	 coefficient	
compared	 to	 a	 similarly	 dimensioned	 straight	 tube	 heat	
exchanger.	But	 this	heat	exchanger	does	not	reduces	the	
high	 temperature	 and	 high	 pressure	 syngases	 from	 the	
mines.	 Hence	 it	 is	 suggested	 to	 reduce	 the	 high	
temperature	 and	 high	 pressure	 of	 the	 syngaes	 from	 the	
mines	with	the	help	of	a	heat	exchanger	with	membrane	
helical	 coil	 and	 heat	 exchanger	 with	 membrane	
serpentine	tube.		

	The	 heat	 transfer	 coefficients	 of	 heat	 exchanger	 with	
membrane	helical	 coils	 are	greater	 than	 that	 of	 the	heat	
exchanger	 with	 serpentine	 tubes	 under	 the	 same	 heat	
transfer	 conditions.	 This	 review	 of	 work	 are	 helpful	 for	
further	 understanding	 the	 flow	 and	 heat	 transfer	
characteristics	 in	 the	 different	 type	 syngas	 coolers	 and	
they	are	also	useful	for	the	optimum	design	of	the	syngas	
cooler	of	entrained‐flow	gasifiers.	
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