Seat No./Enrollment No.:

GUJARAT TECHNOLOGICAL UNIVERSITY
DIPLOMA IN ENGINEERING - SEMESTER 5§ — EXAMINATION - SUMMER 2026

Subject Code: 4356403 Date: 21/05/2026
Subject Name: Fuel cell & Hydrogen Energy

Time: 02:30 PM TO 05:00 PM Total Marks: 70
Instructions :

1. Attempt all questions.

2. Make Suitable assumptions wherever necessary

3. Figures to the right indicate full marks.

4. Use of simple calculators and non-programmable scientific calculators are
permitted.

5. English version is authentic.

Q.1 (a) Explain the role of the Gas Diffusion Layer (GDL) in a PEM fuel cell. State material 03
HaHAQ properties required for an effective GDL
(1) PEM et AcHl A Bgyasct AR (GDL) ol Ast Axxstcl. As 03
UUBIRS GDL HI2 33| HRRUASL oyl el
(b) Explain the working of a Direct Methanol Fuel Cell (DMFC) 04
(o) starse MAold wud Ac (DMFC) ofl stalugld UHstal 0¥
(c) Distinguish clearly between a Battery and a Fuel Cell on various parameters. 07
(5) ogel el UMl (UUES)) oll AR A2l (Battery) Mol YA A (Fuel 09
Cell) cAall dglald FUR 53U
AHYq|
OR
(¢) Explain how Pressure, Temperature, and Humidity affect a fuel cell's performance. 07
(5) eallal (Pressure), cdllUMlsl (Temperature) ol @ (Humidity) S ACtsll 09

URgHeA (stlattdl) o 3l dld HAR 52 8 d sl

Q.2 (a) Explain purpose of flow field and write different types of flow fields fuel cell. 03
uslR .
() sl (3¢5 (Flow Field) oll 8 UM el LA AAH] dudl [@QlQu 03
yslell sl (3esu [QA cvl,

(b) Analyze the merits and demerits of Molten Carbonate Fuel Cells (MCFC) 04
(o) Weeat siollde LIUA A (MCFC) ol SIAEL ol ARSIAEL ] (A2ANGL 0%
s,
(¢) Explain in details factors affecting thermodynamics of fuel cell. 07
(5) sud Aol ANlsiAaPsU (Thermodynamics) ol WUR 5l URUML 09
(Qotcalr AMesal,
24|
OR
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Discuss challenges associated with membrane of fuel cell in context to fuel cell
operation and energy production

U Adetl BuURal (stdyeudl) ua Gt Geuleatall eolui doll Aiglat
(Membrane/USEL) A& AsIAc UssRlel 2AAl 53,

Discus role of Platinum Pt as a catalyst in low-temperature fuel cells Mention
disadvantage of using pure platinum.

A-2RURAR (oflAl dluMlotallnl) s AUl Belus (Catalyst) 33
WARen (Pt) ol oAstoll AUl 5A. Yo WARAM cluRclloll ARFLAEL SRQUA

Draw and explain fuel cell polarization curve (V vs. I). Explain three main regions of
overvoltage domination: activation, ohmic, and mass transport.

A A WAASRAet 5l (Polarization Curve - V vs. 1) €13lal Al
WARARY Yol Ul AR Yyl [QrctlRA: Als2d2lst (Activation), (&S
(Ohmic), el HI™ 2le W (Mass Transport) AHostcll.

Compare the Technical and Economic factors of Hydrogen Production.

olBSl% ot GAUlEatatll dAso{lSl (Technical) Mol WS (Economic) UR Kl
dctell s

Explain primary goal of hydrogen economy for county like India

AURA Fall 2 U2 sl8glxal 88l (Hydrogen Economy) oll Yual talal
(Aea) dHal.

Compare Hydrogen with Methane CH4 based on the following parameters: energy
density by mass, energy density by volume, and ignition energy. Explain why hydrogen
is considered a highly flammable gas.

o(lAetl WAHleoll UUR L8y etoll MAt (CH4) WA AvUHR( 53

£ ol UL Gt eolcll (Energy density by mass), SEail UR Gt eotcll
(Energy density by volume), ¥l 8o{lalet AA%] (Urcctot Gos). slesgloetal
Al U2 Ui >acalalld aly awlatHi 2ud & d Al

AHq|
OR

Explain Charge Transfer Reaction at the electrode surface. Name the two factors that
control the speed of this reaction.

Aol AUl U Al U 2leds2 UlsUl (Charge Transfer Reaction)
Auatal 3l YBatell alldal aRd sl A URoclell olld 1L

Compare membrane and other components of an Alkaline Electrolyzer with a PEM
Electrolyzer.

UIESALSl SASAALSRR (Alkaline Electrolyzer) ofl Hiolol wal wed d2Slell
AVUHR(A PEM 8ASAAUB3R UL 53

Explain coal gasification process for hydrogen production with diagram.
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sleslogel Geuleat HI2e{l 'slet ARUZZ A (Coal Gasification) Ulsal vusld U
AHsL Al

Discuss Reactant Starvation, and explain it affect in a running fuel cell stack
RAseoe wldelsl (Reactant Starvation / Ulbase{l M) (AA AU 53, wal
UG LUA A RS U doll 9 AR UlA B A yustdl.

Explain the color-coding terminology used in the hydrogen economy. Define Grey,
Blue, and Green hydrogen.

aleQlagel 85l lHIHl duRdl sct-53a1 2ol (Rol-AulRd ada(lswL)
AHstal. A (Grey), o¢f (Blue) Aol Iflot (Green) slesQosel calvARA 5.
Explain properties of Hydrogen in context of a clean fuel.

scllol SAUA RAW HOARL) oll Aeelul sleloastatl aLRLuMl AHes Al

AHYq|
OR

Define Volumetric Energy Density and Gravimetric Energy Density in context to
hydrogen and conventional gasoline.

sleQret Aol URURAALA AANAt (URA) ot Aeelul cyAlzs Notos]
3R (Volumetric Energy Density) ol 3]@1?[@8 A% IEAL cuvau@d
53L.

Describe the phenomenon of Fuel Crossover and Internal Currents. Explain real fuel
cell's Open Circuit Voltage (OCV) is always significantly lower than its theoretical
potential 1.23V.

Ll Sl AR (Fuel Crossover) 3ol 82l 502U (Internal Currents) ol
deotle] allat 5. dlRA(As A Actall WUal UlFe Ay (0CV) dsll
dgilds WREAAA (1.23 V) scll eHall olluulal Ild oA 31 sl & d
yuesal,

Explain the fundamental difference between a Microbial Electrolysis Cell (MEC) and
a standard chemical electrolyzer regarding the energy required for water/organic
splitting.

wlell Aaal 3lAs welelott G ([Qeusst) 12 %33 Gostotl eelinl
HIB50AA BASAABRYU A (MEC) wa R1es§ 3MsH SASAABM3R
Al NG dslad AHxtal

State the main chemical and physical challenges associated with storing hydrogen gas
at high pressures.

G €6llRL (High Pressure) UR &l8Slal el {oLe scll A lstAcl
yual AULAM s wal elllds ussiRA suuAl.

For hydrogen powered vehicle workshops explain specific safety features must you
install to prevent gas accumulation and fire hazards
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olBSlel JUAUAA clsolloll cASAUHI AUl 2L (Gas accumulation) el
UOLatl e Ascll HIZ dHIR 58 AlssU AL ST (et dl yAu)
ol 5[l vlatAus & A A Al

Discuss the major technical and economic challenges currently faced when
transporting bulk hydrogen over long distances.

Alol vdR Yol weauloiu (Bulk) sl8glsaiotll URcgel (Transport) Hi sleAMl
sl Hlel dse{lsl wal s ussRAall AlHal 5l US & doll AU 53

AHYq|
OR

Discuss importance of Hydrogen safety when used as fuel in fuel cell.

(M) gt AdUl olndel d3l3 sleglasetoll Gullol sl aud del Al

(b)
(o)

(©)
(5)

(RAAHA) ol 1o @A uUl 53

List major differences between storing hydrogen as a compressed gas versus storing it
as a cryogenic liquid.

slBSlatadl $1URS A (Compressed Gas) 313 U scll Mal Al
sl21B0Es ([AGAS (Cryogenic Liquid) 313 AaUdc sal sl Yud
dstacdle{l aLEl oletial.

Explain types of high-pressure hydrogen storage tanks (Type 1 to Type 4) based on
their construction materials and maximum pressure handling capacity.

sl Sloasat 1% 2iSlallell (AU ustA (Type 1 Ul Type 4) o Al
olotlaze{l AHIYL (Materials) Ml HETUH EMIRL USat scllofl &M Alatl WU
Aual.

seokskkok
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