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Abstract

Solar energy is clean and
abundant source of energy.
This energy is utilized for
many applications and
cooking is one of them.
There are various types of
solar cookers available in
the market, but they are not
that efficient. Each one has
its pros and cons.

For using currently available
solar cookers, users need

to have open space where
they will get ample amount
of continuous sunlight, the
users need to track the sun
all day, the whole process of
cooking takes place outside
kitchen and it is very slow
and cumbersome process.

This project is an attempt
to make the whole cooking
activity quick, easy and
inside kitchen while using
steam generated from
solar energy for a single
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home usage. The afford-
able steam generation
technology developed by
Heat Pump Lab, Mechani-
cal Department (IITB) is
adopted while the product
which is using this steam
is designed during this
project.

The 7Cs of innovation as
guided by Prof. B K Chakra-
varthy was the design
methodology adopted for
the project. This report
outlines the detailed design
process followed during the
project.
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© ntroduction

Solar energy is an impor-
tant part of life and has
been since the beginning

of time. Increasingly, man
is learning how to harness
this important resource and
use it to replace traditional
energy sources.

Itis considered a clean
energy source. In the future,
solar energy may well be
the primary form of energy.
It has the potential to allow
technology and nature to
co-exist peacefully.

Currently solar power is
being used for heating,
lighting, cooking etc. But
the penetration of use of
solar powered products is
restricted due to certain
limitations such as high
initial cost, solar efficiency
concerns and convenience
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in use. The project started
with the idea to design
consumer/lifestyle products
which will encourage
homeowners to use solar
powered products.

During a series of discus-
sions with guide and
co-guide the project focus
was narrowed down on
harnessing the energy of
the sun for one of man's
basic need — food.
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@ The Cause

2.1 The unsustainability of
fossil fuel use in India

The high dependence of
India’s energy system on
fossil fuel is unsustainable
not only because of the
high share of carbon
footprint in the total
ecological footprint and
the various other adverse
environmental effects,

but also because of the
economic unsustainability
of such dependence due to
heavy financial requirement
for imports arising from
the growing scarcity of the
fossil fuel resources.[1]

2.2 Solar Power in India

With about 300 clear, sunny
days in a year, India’s theo-
retically calculated solar
energy incidence on its land
area alone, is about 5,000
trillion kilowatt-hours (kWh)
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per year. The solar energy
available in a year exceeds
the possible energy output
of all fossil fuel energy
reserves in India.[2]

2.3 LPG Price Rise

There is increase in price
of LPG cylinder almost in
every two months. Also
the Indian Government has
scrapped subsidy on LPG
for users who have taxable
income over 10 lakh.
Undoubtedly, there will be
no alternative to use sus-
tainable fuel for cooking.
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® The Context

3.1 Market Study

Mainly there are three types
of solar cookers and they
are heat trap boxes, curved
concentrators (parabolic)
and panel cookers.

1. Heat Trap Box Type

It works on the black body
principle. In this, the food
is placed inside of an
insulated box for purposes
of retaining or trapping
the solar rays that get
converted to heat energy.
The inside surfaces and
containers are painted
black to absorb maximum
energy.

2. Panel cookers

Panel cookers have a

flat panel which reflects
and focuses sunlight for
cooking and heating. The
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panel cooker is quite similar
in operation to the solar box
cooker. The same principles
are employed but instead
of an insulated box, panel
cookers typically rely on a
large multifaceted reflective
panel.

3. Curved concentrators
(parabolic) Type

The parabolic type of

solar cooker comprises

of reflective metal sheets
joined together to form an
umbrella sort of shape.
When the sun rays fall on
the metal sheets the energy
is concentrated into a small
area, where the cooking
vessel is placed. The
parabolic cooker can reach
high temperatures more
quickly, therefore cooking is
accomplished more rapidly.
It needs more precision



to focus the sunlight on
the food in the pan. If the
sunlight is not correctly
focused on the food in the
pan, the food will not be
cooked well.

Advantages

1. Simple and safest way of

cooking food

2. Low tech and low mainte-
nance

3. Even cooking

4. Do not heat up the kitchen

Disadvantages

1. Slow process

2. Open space with ample
sunlight is required

3. Solar tracking or frequent
alignment is necessary

4. Early preparation needs to
be done

5. Each time food items need
to be carried out to balcony
or terrace

4. Steam Solar Cooking

In this, parabolic reflectors
are used to heat water or oll
having low boiling tempera-
ture. This high temperature
steam or oil is passed
through pipes to a cooking

vessel where the heat is
transferred to the food in the
jacket vessel.

Advantages

1. Effective and useful for
large scale cooking

Disadvantages

1. Requires solar tracking

2. Requires lot of space

3. Weight of total system is
high

4. Other accessories like fluid
circulating pump, pipe fitting,
insulation, controls etc are
required which increase cost

This type of cooking system
is installed at Auroville
(Pondicherry), Shirdi
Sansthan (Maharashtra),
Mount Abu (Rajasthan).

There are several other
types of solar cookers
which are based on one of
the above methods to cook
food. There are flat plate
collectors which do not
generate steam. Evacuated
glass tubes type collectors
are used for heating water
but they are not efficient in
steam generation.

Auroville Solar Bowl




3.2 Other Cooking Methods
For cooking, there are various methods followed.

1. Boiling
2. Pressure Cooker
3. Induction Cooking
> 4. Electric Cooker
Boiling Pressure Cooker 5. Microwave oven cooking
Traditional Cooking Methods

Cooking by these methods is easy, instant and it happens
inside the kitchen. These methods are used instead of solar
cooking because of convenience. But in this, unsustainable
fuels like LPG or electrical energy are used.

3.3 Comparison between Traditional/ Modern cooking and
Solar cooking

Traditional / Modern Cooking Solar Cooking
Easy Takes long time
Quick Cumbersome
Inside Kitchen Open space required

Electric Cooker Outside Kitchen

Use of LPG / Electricity Use of Solar Power

A product which makes cooking easy, quick, operates inside
kitchen and works on solar power does not exist in market.

Microwave Induction Cooker
Modern Cooking Methods

esign Project Il
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EGT Panel

W Steam

Céoking Vessel

3.4 Simple and Affordable
Steam Generator devel-
oped by Heat Pump Lab
(Mechanical IITB)

Heat Pump lab at IIT
Bombay has developed

a steam generator which
uses evacuated glass tubes
deployed with multi-wall
polycarbonate top cover
and multi layer rigid foam
back insulation. It has
enhanced efficiency due to
reduction in heat losses.

The inner glass tubes are
filled with heat storage
medium to store the col-
lected heat. A copper tube
coil with aluminium foil fin
is deployed in the storage
medium to enable extrac-
tion of heat as and when
needed. Heat loss from
the bottom side is reduced
using a multilayer rigid
foam insulation under the
EGT and reflectors.[3]

Durability is enhanced and
maintainability is improved
due to the enclosed

reflectors. Storage medium

Design Project Il

temperature of 200 to
300°C are achieved with
this design. Preliminary
experimental data reveals
that such collectors can be
used to generate steam at
1to 10 bar using the low
cost seasonally tracked low
profile collectors.[3]

The steam generated by
this unit is currently being
tested to cook food. The
cooking vessel used is
standard pressure vessel
used for industrial applica-
tions.

After initial data collection,
it is found that solar steam
based cooking is practiced
for preparing food on large
quantity in places like
hotels, temples etc. There
is no such low cost solar
steam generation unit
available which can be used
for domestic cooking (for a
single household).

The idea is to use this
solar steam generator for
domestic cooking applica-
tion.



In order to work on the
domestic application of
solar steam generation,
first it becomes necessary
to understand the steam
generation system and its
components. Understand-
ing of the system got better
through multiple visits to
heat pump lab (mech IITB) .

\;ﬂ Stand

Polycarbonate Top Cover.

Evacuated
Glass Tubes

Foam Insulation

EGT Panel & Components
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Collector performance in the month of
December 2015 in Mumbai

Time Temp

From Mean To °C

9.00 9.15 9.30 50

9.30 9.45 10.00 63

10.00 | 10.15 [ 10.30 76

10.30 | 1045 [ 11.00 90

11.00 11.15 | 11.30 105

11.30 11.45 | 12.00 114

12.00 1215 | 12.30 123

12.30 12.45 13.00 131
\ 13.00 13.15 13.30 144
Glass Tube 13.30 13.45 14.00 157

14.00 | 1415 | 14.30 159

1430 | 1445 ]15.00 161

15.00 | 15615 [156.30 149

156.30 [ 15.45 ] 16.00 144

Copper Tube

16.00 | 16.15 | 16.30 140

Evacuated Glass Tube details
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Advantages of Solar Steam

Hinge
/ Generator developed by

HPLIIT B

1. Simple and affordable
2. Seasonally tracked, once
in 15 day if desired

SN Stand 3. Enhanced efficiency by
reducing heat losses
4. Water supplied from an
overhead water tank or tap
is converted to steam in a
single pass

/E\ P
L 1
, <— Steam Inlet

Pressure _/
Relief Valve Manual
Inlet Valve
Food .
Compartment v Outer jacket

Manual Drain Valve

Cooking Vessel Details J,
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Family Food Cooked Cooker Capacity Usage
Sr.No Name
Members in Pressure Cooker (lit) (No. of times/day)
6.5
1 Tushar 4 Rice, Dal 1
5
2 Joshi 5 Dal, Curry 8 1
Rice, Idli, Curry, 4.5
3 Bharti 3 2
Sambhar 2
4 Bali 4 Rice 4.5 1
Rice, Dokla, Soup, 10
5 Vasanti 6 2
Chicken 7.5
6 Saroj 3 Rice, Dal 4.5 1
7 Renu 3 Rice 3 1
8 Sukesh 4 Dal, Curry 8 1
9 Shashank 5 Rice, Dal 5 1
3
10 Vishal 2 Rice, Dal, Curry 2
1.5
11 Patric 2 Rice, Sambhar, Curry 5 2
12 Barwad 4 Dal 5 1
13 Kadukar 6 Rice, Curry 6.5 1
14 Husen 5 Rice, Chicken 45 1
15 Roy 3 Curry, Rice, Chicken 3 2
16 Bhise 6 Rice, Dal 5 1
17 Fulzele 4 Curry, Dal, Soup 3 2
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3.5 User Study

In order to get general idea
about food habits, normal
cooking practices and type
of food cooked daily inside
a kitchen, a user study
was made. The user group
chosen was from urban
(city and town) parts of
India.

10



@ The Comprehension

4.1 Insights from User
Study

The most common food
items in daily Indian lunch/
dinner are chapati, paratha,
dal, rice, sambhar and curry.
Out of these food items,
rice and dal are gener-

ally prepared in a pressure
cooker. Pressure cooker
size that is most common
is 5 liter capacity and the
average family size is 4
family members.

Female members of the
house cook food and they
prefer to cook it while in
standing posture near the
kitchen counter top. Gas
stove is at the centre and all
other things are arranged
around it.

The initial user study helped
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to a deeper understanding
about the cooking habits,
which formed basis for
design brief.

11



Existing Cooking Vessel

N

The cooking vessel the whole vessel is quite
currently being tested is heavy.

jacketed pressure vessel 6. Ergonomics- Cooked
and it uses indirect cooking food is taken out of the
method. In indirect cooking,  vessel by tilting it with the
the steam does not enter use of handle.

into the food and it remains

in the outer jacket of the

vessel. Conductive heat

transfer takes place to cook

the food. The material of

the vessel is SS304.

4.2 Issues with the current
vessel

1. Size- It is designed for
large volume cooking

2. Aesthetics- It appears
like an industrial equipment
rather than home appliance
3. Function- Many manual
operation are involved

in order to operate the
vessel. Those operations
are closing and opening of
steam inlet valve and drain
valve.

4. Cleaning- As the jacket

is inaccessible, it is impos-
sible to clean it if scales
form on the walls over a
period of time.

5. Material- Being large in
size and made from SS304

Design Project Il
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® The Check

5.1 Design Brief
Design a cooking vessel heated by steam generated from
solar steam generator.

- A cooking vessel which is adaptable for home application.

5.2 Design Considerations people using the steam

1. It should effectively use The device is meant to be
the steam generated by used once or twice in a day.
solar steam generator.

2. It should be easy to Redesign of the solar steam
handle and portable. generator is excluded from
3. The aesthetics of new the scope of this project.
design should maintain aes-

thetic appeal of a kitchen 5.4 Target User

gadget. People living in urban areas
4. It should be easy to clean  who have sufficient space
after every use. to install collector panels.
5. It should be mass manu-

facturable.

5.3 Scope of the Project
The device designed will
cater to the need of cooking
rice for a family of 4 to 6

Design Project Il
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5.5 Usage Scenarios

Scenario 1 - Single house supply

In this, user will have solar collector panels for individual
use. The steam generated is supplied into the kitchen
through piping. The user can utilize the quantity of steam
according to his/her requirements of cooking.

Scenario 2 - Multiple house supply through common
collector panels

In this, multiple houses are supplied the steam in their
kitchen through steam piping network. In order to limit
the usage of steam, each steam connection is fitted with
a steam flow shut off valve. This valve is monitoring the
quantity of steam usage and it trips as the usage limit
exceeds beyond a calculated amount and the steam line
remains shut off for several hours (say 12 hours). This
ensures each house gets equal amount of steam per day.

Design Project Il
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® The Conception

Based on the analysis done
on the existing product
study, target user and
design brief, ideations were
done taking into consider-
ation of various possible
creative solutions.

Ideation started with
sketching without ruling out
any concept as impossible.
Later on, some of the ideas
were refined to form a
feasible concept.

Ideas are clustered on the
basis of mode of steam
injection

1. Direct heat transfer
(steam passage inside food
container)

2. Indirect heat transfer

(keeping steam and food
separate)
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For each idea, a quick
paper model is made to get
clarity and it also helps in
manipulating components
as well as the arrangement
of components in different
ways to generate new
ideas.

15



Steam
Inlet

—

6.1 Direct Heat Transfer

1. One Steam inlet at the top portion of food container

In this, steam directly As there is a single inlet,

enters the food container the steam may not

through single inlet. The circulate properly and some
heat of steam is utilized portion of rice may remain
to cook the rice inside the uncooked.

vessel.

Design Project Il
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Direct Heat Transfer

2. Multiple Steam inlets

For better circulation of
steam and even heat
transfer, steam is injected
in the rice vessel through
multiple inlets.

Design Project IlI

This involves a complex
steam piping network
around the vessel.

17



Steam Inlet

l

Direct Heat Transfer

3. Steam Distribution Inside Vessel

In order to achieve even The rice is put in small
distribution of steam inside  containers arranged one top
vessel, a steam pipe with of another which are similar
perforations is inserted to idli maker containers.
inside vessel.

Design Project Il
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Direct Heat Transfer

4. Perforated Rotating pipe

In this, a perforated rotating
pipe distributes the steam
inside the vessel. It works
on the same principle as
that of a water sprinkler.

Design Project Il

As it involves moving parts,
it may require maintenance
and may be subjected to
failure.
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6.2 Indirect Heat Transfer

1. Coiled Copper tube at the bottom

Steam passing through In this, heat transfer takes
coiled copper tube at the place at the bottom, which
bottom of the vessel trans-  may result in uncooked rice

fers heat to the rice. Copper  at the top.
is used as it has higher
thermal conductivity.

Copper
Tube

Steam

Inlet ) L
i Steam
Outlet
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Steam
Inlet

Copper
Tube

Steam
Outlet

A

Indirect Heat Transfer

2. Copper tube coil on whole vessel

To increase the duration
for which steam transfers
heat to the vessel, the
copper tube is wound all
around the vessel. Outlet of
the copper tube is open to
atmosphere.
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As steam passes through
the tubes at high flow rate,
at the outlet we may get
steam with slightly low
temperature and heat is lost
to the atmosphere without
its full utilization.
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Inlet

Steam
Recirculation

Steam
Outlet
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Indirect Heat Transfer

3. Coiled Copper tube and steam recirculation

The steam coming out from
the outlet is not released

to atmosphere. Instead it

is passed over the same
tubes from outside. This
arrangement helps in

—
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better heat transfer than
previous concept. But still
we may get steam at outlet
which is then released to
atmosphere.
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Indirect Heat Transfer

4. Coiled Copper tube & steam recirculation in multiple passes

In this, the steam coming steam transfers heat to the
out of copper tube is plates and overall tem-
recirculated over the tubes perature inside the system
from outside and again increases in short time. Also
passed through a number the steam loses heat and

of baffle plates so that condenses to form water.

during multiple passes,

Design Project Il
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Indirect Heat Transfer

5. Steam Passage through cylindrical pockets

In this, the cooking vessel is  help in better utilization of

constructed in such a way heat.

that there are cylindrical However the steam pockets
pockets in vessel along the  will be inaccessible for
thickness. Modified shape cleaning. Food stuck in

will give extra strength to crevices will be difficult to
the vessel and it will also clean.

Two sheets
‘/ joined
/!

P

Steam

( Flow
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Indirect Heat Transfer

6. Steam Circulation through square pockets

It is a bit modification in metal sheets. But the same
previous concept. Instead issues of cleaning will be
of cylindrical pockets, present in this concept also.

in this, the pocket cross
section is square. It can
be made from corrugated

Two sheets

‘/ joined

Steam
Flow

Design Project Il 25



Indirect Heat Transfer

7. Separate food container and steam jacket

In this, the cooking vessel the food container and

is separate from the condenses to form water.
steam jacket and it can

be removed for cleaning

purpose. The steam is

retained in the jacket as

it transfers the heat to

Steam _ R e
Inlet = —

|
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Indirect Heat Transfer

8. Collapsible jacket using flexible bellow

It is a bit modification its sides to attach it on the
in previous concept. In upper lip of food container.
this, the outer jacket is a The bellow can expand to

collapsible bellow. The user  an extent when subjected to
will keep food container on pressure due to steam.
the base of bellow and pull

~ A e

Design Project Il
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Based on parameters like effective utilization of steam, ease of
cleaning and ease in manufacturing, following three ideas were
chosen for further refinement.

— =]

—

Design Project Il
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In this, the rice is heated
with direct heating method.
In direct heating, the steam
is inside the food container.
As steam cools down, it
gets converted into water.
This water will mix with rice
and the water content of
rice will become very high.

In this, the steam initially
flows through copper tube.
Scale formation may
result in blockage of tube.
Cleaning of tube is difficult.

Design Project Il

This ideas was taken for

further development con-
sidering factors like ease in
cleaning, simple and easy in
manufacturing and number
of components required.

29



The selected idea is further refined to details and various
ways in which it can be used is also explored.

—»:j The food container is easily fall down and gets
closed in a rectangular collected in the bottom of
jacket which has opening the jacket.

G at the top with a lid. The

cylindrical container is kept
on a wire mesh so that the
steam condensate can

Lid

Locking

Food
Container

Jacket

Steam
Inlet

Wire Mesh

Nozzle
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The opening of jacket is
from side. It resembles with
the microwave oven. The
condensate gets collected
in hot water tub at the
bottom.

Wire Mesh

Hot Water
Tub

Design Project Il
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Two cylindrical vessels of
different sizes are attached
concentric to each other.
Steam is introduced in the

_ gap between two cylinders.

Lid
Food
Container
Steam
Inlet Jacket
L]
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L

Wire Mesh

To decrease cooking time
and effectively utilize the
heat, size of food container
is made small. Multiple food
containers are placed inside
the jacket.

Hot Water
Tub

Design Project Il
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Steam
Inlet

Lid

Food
Container

Jacket

Out of the four different
arrangements, the concept
of cylinder inside a cylinder
is taken ahead for further
refinement.

The reason of selecting
this arrangement of com-
ponents is that it is easy to
manufacture and simple to
assemble.

Design Project IlI
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6.3 Concept Validation

Equipment - Cylindrical Jacketed Vessel (2.5 lit) without
insulation and open from top

Experimental Conditions -

Time - 14:00 hr
Month - February
Place - Mumbai

Steam from 4 collector panels
Steam Flow rate = 0.4 Ipm

At atmospheric pressure
Single steam inlet and outlet
Immediate steam exhaust
Rice = 100 gm

Result -
Cooking time = 20 min
Conclusion -
Heat loss from wall of the vessel should be stopped

Separate steam inlet and outlet needed
Steam pipe connector required

Design Project Il 35



During concept valida-

tion, the vessel used is

not designed for higher
pressure. Hence the steam
is immediately released to
the atmosphere without
fully utilizing the heat of the
steam.

Ideally, the steam should
get condensed inside

the jacket for complete
utilization of the heat. For
this to happen, steam must
remain inside the jacket for
a longer duration of time.

If steam is allowed to
remain in the jacket for a
longer duration, it increases
the inside pressure above
atmospheric pressure.
Therefore the cooking
vessel should be designed
to sustain the pressure
above atmospheric
pressure.

Generally, a cylindrical
pressure vessel has
hemispherical ends. Hence
while designing, the bottom
end of the cylindrical
vessel is considered as

Design Project Il

hemispherical and calcula-
tions are done to find out
overall dimensions of food
container, jacket and wall
thickness as well as the
insulation thickness.

36



6.4 Calculation
Calculation for Overall Dimensions

Inside Valume =5L=0.005 m®=5 x10% mm°®

1||"IITw:'I:al =1||"Ildzg.'lin:|=r +V hemisphere

= mrih + gm,a

ari(2r) + §w5 -+ (assuming h _nee.= & = 2r)

3

2mrd + gmﬂ

2mr3(1 + i}

| 1
[
3

w
=

|

3

r3 =5 x 10% X - =596831.03
B
r = 3/596831.03 =84.19

= 85mm & d =170 mm

Jacketgapis assumed 10 mm so that condensate
Easily flows downwards.
~ Jacket diameter=170+ 10+ 10 =190mm

Design Project Il
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Failure of a cylindrical shell
along the longitudinal section
in Hoop stress

Designing for Circumferential Stress / Hoop Stress
Forthickness of cylinder

_ »d

= o

T = Hoop stress

4] = intensity of internal pressure
d = internal diameter of cylinder
t =thickness of shell

0,=0.80,=0.8x215 - (o,o0f55304is 215 MPa)
p=0.7 N/mm?*
d=180mm

0.7 ¥150
t=———=0.38% 0.4
2%0.8 X215

= Thickness of cylinder = 0.4 mm

Forthickness of hemispherical bottom (welded)

pd
gp= —
at
0.7 =150
t= =0.15
2215

= Thickness of hemisphere = 0.15 mm
tcylin:l:r = th:rri.:ph:r:

= Overall Thickness = 0.4 mm

Forpressure vessels Factor of Safety is taken as 3.5
~ Thickness = 0.4 x FOS=0.4x 3.5
=1.4 mm



Calculation Insulation Thickness

(T1-T2
Heat transfer, Q = 2wkL ‘l = )
ﬂ[\:

k = thermal conductivity of insulating material in W/mK
=0.03 W/mk (for PU foam)
L = length of cylinder in meter
fy = inner radius of insulation =95 mm
rs =puter radius of insulation
T, =100°C (temperature of steam)
T; =40°C (assumed)
(100 —40)
100 =2 = 0.03 x —
In T—}
G1
.E r2 2w x0.03 xﬁﬂ_ﬂna
= 100 -
r2
— = %113 = 1119
rl

r=r;®x1.119 =95 x 1.119 = 106.3

Thickness of insulation=r—r; =106.3 —95 =11.3

=11 mm
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In cooking vessel, the steam enters from pipe near the opening
of the vessel. The heat is transferred to rice through the surface
of the inner cylinder. Also, as the steam continuously enters
near the top area, the temperature in this region quickly rises.
Ideally, the container shape should be such that surface area
and volume is maximum at top and it decreases as we go down.

Tapering shapes can be cone, pyramid or hemisphere.
To find out which of the three is best suited for the application, it

is assumed that inside volume is constant and the top opening
area is same in all the three.

""'Il-c,:n= = vV pyramid =V hemisphers
hl 2
Tt = ra X X haf3 =E*rrr33 - (1)

Equating opening area

=
B
1

= A pyramid = A hemisghers
TR = ry* = mwrst - (2)
From equation (1) and (2)
hi=2r;=2h; & hy=h;

e hi = hz:" hg

As height of hemisphere is smallest among the three shapes, it
is the most convenient and appropriate shape for the vessel.

The vessel will be flat at the bottom for better stability when
used for serving food.
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10 =i

270

Calculation for Overall Dimensions

Inside Volume =5L=0.005 m*=5 x10% mm?®

-

_= 3
W hamisphars _Ew

-

5x10° =§m‘3
. 5 % 10% % 3
Tt =
21
r=133.65

d =2r =2x 133.65 = 267.3

d =270 mm

Jacketgapis assumed Smm so that condensate

Easily flows downwards.
~ Jacket diameter =270+ 10 + 10 = 290mm

Design Project Il
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Designing for Circumferential Stress / Hoop Stress

Forthickness of hemisphere

_ zd
o=

Tk = Hoop stress

p = intensity of internal pressure
d =internal diameter of cylinder
t =thickness of shell

g,= o,=215 --(o,0f55304is5 215 MPa)
p=0.7 N/mm?

d=290mm
. 0.7 X290 _ 0.47
2 %215

= Thickness of hemisphere = 0.47x FOS =0.47 x 3.5
=1.65 mm
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Insulation Thickness Calculations

Heat transfer, @ = 4wk rlr2 ':1:::}
k = thermal conductivity of insulating material in W/mK
=0.03 W/mK (for PU foam)
ry = inner radius of insulation =145 mm
[ =puterradius of insulation
T =100°C (temperature of steam)
T; =40°C (assumed)
_ (100 —40)
100 =4 x 003 % 145 x 10 3 w2 X ——
r2 —rl
= 3048
r2—rl
_ 1
3048  ©
rl = 0.96r2
2= 1% ei04
=096 096
r2 =151 mm

Thickness ofinsulation=r; —r; =151 - 145 =6 mm

Aswe have considered formula forsphere, for hemisphere,
the insulation thickness may be doubled

t=12mm

Design Project Il
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Rice Container
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Jacket
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~\
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6.5 Final Concept

The final concept has

a hemispherical rice
container with flat bottom.
The rice container is remov-
able from the jacket and
insulation so that it can be
cleaned time to time. As
the rice container is remov-
able, jacket can also be
accessed for cleaning. The
rice container can also be
used for serving the food.
When steam generation

is not sufficient, the rice
container can be used to
cook food by keeping it on
gas burner. The material
used for rice container is SS
304 because heat transfer
through metal occurs at
faster rate and it is food
grade also.

The jacket is attached

with permanent insulation
from the outer surface.
During design calculations,
the material for jacket is
considered as SS 304. As
the food doesn't come in
contact with the jacket, it
is not necessary to have

Design Project Il

food grade material for the
jacket. Hence the jacket
material considered is
polycarbonate. Polycarbon-
ate retains its mechanical
properties at elevated
temperature up to 140°C.
Itis light in weight, heat
resistant and easy to
manufacture. It is used in
lenses, appliance covers,
safety helmets, gears, hand
tool castings and medical
wares where boiling water
sterilization is done.

Insulation helps to prevent
heat loss. The material
used for insulation is
polyurethane foam. Due

to insulation, the outer
surface temperature of the
cookware remains very low
(close to 40°C).

The outer form of the
cookware can be manipu-
lated according to the
usability, product expres-
sion requirements.
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Kitchen Counter Standard
Dimensions

6.6 Product, User &
Environment

Before venturing into the
form explorations of the
product, a comprehensive
study was made on how
user interacts with the
device, in order to under-
stand as to where and how
the user wants the device to
be kept in the kitchen, how
does he perform different
activities like closing and
opening of steam valve, top
lid etc.

A mock up was made and
tested on different users,
after explaining them about
the product, its features and
usage. Photo documenta-
tion was done along with
the user feedback. These
feedback were later on used
to develop the form and
refinement of the product.

Initial user testing was done
in a kitchen like setup where
counter height and width
are considered according
to standard dimensions.

Design Project Il

The mock up had only four
components outer casing,
food container,lid and
flexible hose pipe for steam.

Feedback was obtained
from users by asking them
questions in general discus-
sion about the product.
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Kitchen Setup

Initial Mock up

Mock up 1

A block model of actual

1:1 scale is made using
thermocol and styrene.
Here importance was given
more to the physical shape
of the product and not the
visual appeal.

Design Project Il
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Below the Counter

6.7 Position of Product
Inside Kitchen

The discussion with the
users took place in the form
of informal questions as
follows

Q- Where would you like
to keep this device in the
kitchen?

A- On the kitchen counter
(100% user's answer)

Q- Where exactly on the
counter?

A_

* Near the other equipments
like mixer, microwave etc.

+ Near the stove

+ Near the window

+ Near the sink

Q- If given other options for
the location of this device in
kitchen

‘Wall Mounted,

‘Below the counter, in a
drawer

Would you change the
preference of you location?

Design Project Il

Most of the users still
preferred the product on the
kitchen counter.

Based on the user feedback
the idea of keeping product
on kitchen counter is taken
forward and interaction

of user with the product

is studied through activity
sequence analysis.
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Activity Sequence 1

User and product interac-
tion is studied through
recording each step of total
activity of cooking rice. The
entire process is repeated
1. Pour raw rice in food container 2. Lift the food container with multiple number of
users so that different
practices of handling of
product by various users
are taken into account with
their feedback on the entire
activity sequence.

With mock up 1, the activi-
ties recorded are

1. Pour raw rice in food
container

2. Lift the food container
3. Place it inside jacket
4. Close the lid

3. Place it inside jacket 4. Close the lid 5. Start the steam valve
6. Take out the food
container after switching
off the valve and opening
the lid

During these steps, most
number of users found
difficulty in step no 3 which
is placing the container in
the jacket. This was due to
the fact that the user had

5. Start the steam valve 6. Take out the food container after

switching off the valve and opening the lid Design Project I

to twist the wrists while
placing the food container
inside the jacket.

Another issue faced

by the users was while
taking out the cooked rice
container from the jacket
when cooking is complete.
There is no provision to
hold the hot vessel while
taking it out. These issues
are taken into consideration
for making mock up 2.
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Lid with Handle

RICE
CONTAINER,

RICE
CONTAINER

Mock up 2

Modifications and refine-
ments of ergonomics of the
product are done in mock
up 2 according to the user
feedback obtained while
testing mock up 1. In this,
the lid is provided with the
handle. The food container
is first closed with the lid
and then lifted with the
handles on the lid.

Itis then put into the jacket
from the top and locked by
twisting as shown in the

sketch alongside. Again
a quick mock up is made
to test with users to find
issues they face while
handling the product.




5. Start the steam valve

2. Close the lid

4. Twist & lock

6. Take out the food container after
switching off the valve and opening the lid

Activity Sequence 2

Problem faced by users
during performing the task
in found in activity no. 6
which is opening the lid
once the food is cooked.
To open the lid user has to
hold the hot container. The
provision is needed to open
the lid without touching the
hot container.

Design Project Il
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Integrated Handle

Mock up 3

In this, the food container
provided the handles and
not the lid. The lid is just
kept on the top of the con-
tainer. The rice container is
lifted by user with the help
of handle grip provided.

It is then put into the jacket
from the top and locked by
twisting as shown in the
sketch alongside.




Activity Sequence 3

Mock up 3 is tested with
actual users to get their
feedback. Various feedback
obtained is as follows

1. The place of every equip-
ment in kitchen is fixed and
they are not moved to other
locations frequently by
most of the users.

This led to the conclusion
that the product should also
have a fixed position and
provision of flexible steam
inlet and water drain is not
necessary.

2. Users were concerned
about the flexible pipe

4. Start the valve connection safety. The
issue raised was, during
vegetable chopping and
other activities, the pipe
may get cut. Also it will get
tangled with other utensils
kept on the counter.

Based on the user feedback,
necessary modifications
are done and different
arrangements are explored.

5. Switch off the valveTake out the 6. Opening the lid

food container Design Project llI
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Steam Pipe as
Wall Support

Steam Pipe
as Wall Support

coNTAINER TO

> couECT 3
DRAINED WATERS

Mock up 4

The selected arrangement
is steam pipe connection
as wall support. Mock up

is made for user testing.
Steam pipe is attached
with the wall at appropriate
height above the kitchen
counter.




3. Close the lid

5. Switch on the valve

2. Pour Rice in Container

4. Put Rice Container inside jacket

Activity Sequence 4

User testing is done for
the final arrangement to
get necessary feedback on
usability issues. Testing is
done with multiple number
of users.

Design Project Il
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s

1. Put Jacket in place 2. Pour Rice in Container

3. Close the lid 4. Put Rice Container inside jacket

Activity Sequence 5. Switch on the valve 6. Align pipe with the wall

Design Project Il



Kitchen Appliances

6.8 Understanding Existing
Kitchen Appliances

A number of kitchen
appliances are studied to
get a fair idea about the
prominent features, shape,
size, height, roundness,
edge radius etc.

Color Pallet

Kitchen Appliance color
pallet mainly consists of
white and shades of grey.
Detailed color pallet is
shown besides each image.
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6.9 Keywords and Mood
Board

Created to get inspiration for
visual appeal in the form and
detailing of the product.
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6.10 Handle on Food
Container

Explorations were done to
achieve desired form of the
handle, used for lifting hot
food container, keeping the
mood board and keyword
for form explorations in
mind.

Aspects focused during
explorations were ensuring
ample space for fingers to
grip the handle firmly and
protection of fingers from
hot container.

The ring serves the
function of sealing the gap
between jacket and the
food container and it acts
as an aesthetic element as
well because of the smooth
transition between ring and
the handle.

The raised dimples on
handle ensures good grip
even when hands are wet.
A small step on the handle
provides a place for thumb
rest. Extended part of the
handle below the thumb

Design Project Il

grip is provided to ensure
that the index finger is also
protected from touching the
hot container.

Appropriate dimensions for
the handle were decided
after making a few mock
ups and testing it with
different hand sizes.

The material used for
handle and the ring is heat
resistant melamine. The
function of handle is simple
and easy to understand.

61



DIMPLING
FoR HAND GRIP SPAALL
STEP PROVIDED

FoOR THUMR QEST

TRAMSITION .

REAT RES\STANMT BELOW PoRTIen
MELAMINE TO PROTECT (RDEX

< FHNGER,

//

-~

PROTRUTED
LlH.qu FoR,
GNPNN‘C‘

WANDLE
\NTEGRATED WITH

INDEA FINGER-
A RING e

DoEs MOT ThucH
WEATED YESSEL

CAD model of handle

Design Project Il

62



CoOVING
VESsE L

INLET

Industrial Steam Valves

MARUAL LEVER VALVE

WMEEL CAP
NAWE

6.11 Steam Inlet Valve

In order to control the
steam flow, the steam inlet
pipe should have a flow
control valve. The valve

has to be either manual

or battery operated. The
manual valves available
have hand operated lever or
wheel to control the steam
flow rate.

These valves are generally
used in industries for flow
control and when used for a
cookware, it gives a feel of
industrial equipment rather
than a kitchen gadget.

Design Project Il
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6.12 Regulator / Control
Knobs of Home Appliances

Study of regulators/control
knobs on kitchen applianc-
es and that on other home
appliances is done to get an
idea about the size, location
and form of the knobs. The
appliances studied have
manual control knobs.

wehun

Jil¥

lautstar

Knobs of Home Appliances a linear
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Finger grip on Knob
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6.13 Finger Grip on the
Knob

The knobs on kitchen
appliances are generally
bigger. Other home appli-
ances have big or small
knobs. Small knobs can
be operated with two
fingers, thumb and index
finger while big knobs are
operated three fingers.

6.14 Position of Control
Knob on Cookware

Explorations are done

for deciding the position

of control knob on the
cookware. As the steam
control will be done by
manual valve, the valve has
to be placed on the steam
pipe and the control knob
has to be on the same pipe
directly regulating valve
opening. Placing knob
elsewhere on the cookware
will require electric circuit to
control valve opening and
closing.
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6.15 Direct Analogy -
Salt Container as Steam Valve

Problem/ Challenge - Coming up with new ideas for steam
control valve

Object inside the problem context : Steam Control Valve
Object outside the problem context : Salt Container

Connection : They both have control over the flow/ quantity
of material

Idea : Control valve with operating mechanism of a salt
container
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Push Button
Quick Release Coupling

PUSH gUTTON

Detailing

The jacket is joined to the
steam pipe with the help of
push button quick release
coupling. While attaching
the jacket to the pipe, the
user just need to place the
jacket at the location and it
gets attached to the pipe.

While removing the jacket
from the pipe, user needs
to hold the jacket as shown
in the adjacent sketch and
push the button with index
fingers so that it is released

Steam Knob Operation

from the pipe. This type of
arrangement helps user to
detach jacket easily and
quickly. Also the position of
hands is such that jacket
does not fall on the kitchen
counter.

Knob can be operated in
ways shown in following
sketches.



6.16 Water Drain Valve

Steam on condensation
forms water inside the
i SR jacket. This water gets
MICROCONTROLLE R collected at the bottom of
VHIIE BEERIN the jacket and needs to be
drained out each time.

MNozZLE YOITH
A pusH BUTIDN

Various ways to drain the
hot water are explored as
shown in the sketches.

1. Manual Valve at the
bottom of the jacket

In this, a similar valve as
that of steam inlet valve is
attached at the bottom of
the jacket which is opened
and closed manually by the
user to draint the water.

2. Push button Nozzle

A nozzle similar to the
nozzle on thermos flask is
provided on the jacket. User
needs to press the button to
drain water through nozzle.

3. Micro-controller operated
A battery operated micro-
controller senses the water

b 27N\
EPL!

vds S |7t

PERFORATION
FOR WATER
BrTe

Water Drain Valve

SEAT fop.
FloatT
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level inside the jacket and
opens the valve to release
accumulated water.

4. Float operated Valve

A small float of heat
resistant plastic is kept

in a small chamber at the
bottom of the jacket. The
chamber has holes to allow
water to get inside. As soon
as the water level goes
above a specific point, the
float is lifted up from the
seat and water is automati-
cally drained out.

The density of float is
maintained in such a way
that it floats on water after
a certain level on water is
attained inside the jacket.

Out of the four options,

the fourth one selected
because user does not need
to monitor the water level
and manually open or close
the valve.

68



Locking Mechanism

6.17 Locking Mechanism

Locking options explored
are as follows

1. Hinge Clip to lock the lid
and rice container

2. Cut-out to lock handles of
rice container

3. Handle of rice container
moving down for locking
with the jacket

4. Hinge lock in jacket

Design Project Il

Option 2 is selected as it
involve a simple change

in form to secure rice
container easily by turning.
The operation of locking is
more intuitive in this type of
arrangement. Polycarbon-
ate is the material used

for jacket. Thickness is
increased at the cut out
portion to protect it from
breakage.




6.18 Form Explorations

Overall outer form of the
product is explored taking
inspiration from mood
board and set of keywords.
A few CAD models are
made for lids as well as for
the overall product to have
better visualization of the
product.
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A few CAD renders
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Overall Dimensional Drawing
of selected form

Exploded View
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Cleaning Zone

Cooking Zone

©® The Connection

8.1 Position and Location of the product inside kitchen

The product will be positioned in the cooking zone of kitchen.

The location of the product in a standard L shaped kitchen
setup is as shown alongside.

Design Project IlI
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8.2 Necessary Changes After Final Stage Presentation

According to the suggestions by jury members during the final
stage presentation, the steam inlet to the cookware needed to
detailed out. A few different variations of the steam inlet and
support structure were explored as shown in the sketches
beside.

A wall mounted metal plate and a bent pipe as shown in

the sketch 1 can be used as a support from the wall for the
cookware. Another concept which was inspired from a wall
hanging mirror uses a pipe ring for structural support as shown
in sketch 2.

A L-shaped steam station with steam inlet pipes can be col-
lapsed when not in use so that the kitchen counter top can be
free for another use. Sketch 4 shows a simple collapsible bar

mechanism used to support the cookware.

Out of the four, concept 3 is selected and detailed out further.

Steam Station Explorations
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L-shaped Steam Stahon

Steam station and cookware
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© Key Find'mg

A few things that were learnt during the project were :

1. The need of the product and where it will be used should be
well defined.

2. User feedback in essential at particular stages of the design
process in order to take design decisions.

3. Usage scenario of the product needs to be as clear as
possible for effective outcome.

4. Understanding the user needs and designing according to
them helped in justifying the product better.
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