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ABSTRACT

This paper has investigated effects of the bottle opening
size on drinking feelings in order to improve the comfort level
of consumers when drinking directly from the opening of
aluminum bottle. A survey over 120 subjects has been
performed based on a drinking test using three kinds of bottles
with opening diameters of 28, 33 and 38 mm, respectively. Two
questionnaires have been conducted. Statistical analysis results
of Questionnaire 1 have shown that 33-mm opening is best for
adult consumers with no matter the type of contents, gender
and the mouth size. The factor analysis results of Questionnaire
2 based on Kansei Engineering have shown that drinking
feeling is affected by two common factors, which considered as
the flow from the bottle to the mouth and the flow adjustability.
Moreover, the fluid-dynamics analysis model has been
developed to simulate the bottled liquid in a drinking action
consisting of survey results and experimental observations of
consumers’ drinking actions. Numerical simulations have been
performed to understand how consumers control the flow
during the drinking actions. It is found that the consumers
usually try to realize the ideal and preferable condition by
adjusting the inclination angle of the bottle.

INTRODUCTION

Structure optimization techniques based on the finite
element analysis (FEA) have been applied in developing 2-
piece aluminum beverage cans and bottles to get better
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performance and formability under various loading conditions,
for example, light-weighting the lid of can subject to the
constrains of the strength and maximizing the strength of the
bottle bottom against the axial load and internal pressure [1-2].
Functions, performance and price of products are not only
factors to affect customers’ decisions on purchasing products,
universal designs based on human factors are also expected in
developing beverage containers for consumers’ convenience [3-
6]. Aluminum beverage bottles with a screw top of 28 mm and
38 mm in diameter have been launched on to the market recent
years to meet new drinking custom trend of the consumers.
However, some customers feel that the 28-mm opening is too
small and feel 38-mm opening is too large. We need to develop
a method to evaluate human feelings when drinking directly
from the bottle opening and then to identify the opening size
that is best for consumers’ ease of drinking.

On the other hand, to get data for determining consumers’
preference, a survey of trained panelists or consumers is
usually carried out using trial products. The semantic
differential (SD) method [7] and the factor analysis (FA) [8, 9]
are typical techniques used in questionnaires. Kansei
Engineering is initially proposed by Japanese researchers and
now used internationally by designers as a design methodology
[10-12]. While in the product designing stage before making
lots kinds of trial products, the numerical simulation is a cost
and time effective tool used to estimate whether a particular
design will be loved by consumers or not.
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Figure 1 Drinking test

This paper studies effects of the bottle opening size on ease
of drinking when consumers drink directly from the bottle
opening. A survey over 120 subjects based on a drinking test is
conducted using three kinds of experimental bottles with
opening diameters of 28 mm, 33 mm and 38 mm. Two
questionnaires based on the drinking test are performed.
Questionnaire 1 is designed to get data for determining the
consumers’ preference of the opening size. Questionnaire 2
based on Kansei engineering is performed to investigate factors
that influence consumers’ drinking feelings and to identify
main factors using the technique of FA. Moreover, a fluid-
dynamics analysis model has been developed to simulate the
flow of bottled liquid in a drinking action. The factors
influencing the drinking feeling are evaluated numerically
consisting of survey results and experimental observations of
consumers’ drinking actions.

SURVEY BASED ON DRINKING TEST
Drinking Test Method

The survey on consumers’ ease of drinking has been
conducted over 120 volunteers, 60 males and 60 females. All of
them are Japanese college or university students, and are
between the ages of 20-26 yr. As shown in Fig. 1(a), all
subjects have sat while drinking and then have filled out
questionnaire on the drinking feeling.

Figure 2 shows three kinds of experimental bottles with
opening diameters of 28 mm, 33 mm and 38 mm. Among them,
the 28-mm and 38-mm openings are familiar to the consumers,
while 33-mm openings are not on the market yet. The bottles of
a capacity of 300ml filled with 200 ml liquid have been tested.
All subjects have been asked to have two mouthfuls of drinks
from each kind of bottles, respectively. Six drinking orders of
three opening sizes, 28-mm, 33-mm and 38-mm, have been set
for each 20 subjects in order to avoid any influence of the
drinking order. Green tea and carbonated beverage have been
selected as test liquid.

Questionnaire 1 and Statistic Results

D38 mm

(b) 33-mm

(a) 28-mm

(c) 38-mm

Figure 2 Experimental bottles

Tablel Ranking results of drinking ease.

The number of subjects
Sample No. Scores
Primary 2nd 3rd
(1) 28-mm 16 36 68 188
(2) 33-mm 71 40 9 302
(3) 38-mm 33 44 43 230

400 - Green tea

—3— All subjects —A— Males —O— Females
3504 Ccarbonated beverage
—&— All subjects —A— Males —@®— Females
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v 2504 \
R 2004 - SR
o1 \
1004 S é
28-mm 33-mm 38-mm
Bottle Opening

Figure 3 Ranking results of drinking ease.

Questionnaire 1 is designed to determine the consumers’
preference of opening size. All subjects have been asked to
rank three kinds of bottles in the order of ease of drinking. As
one example, the ranking result of green tea by all subjects is
shown Table 1. If 3 scores is given to the first rank, 2 scores to
the second rank and 1 score to the third rank, the total ranking
scores of three kinds of bottles are then calculated as shown in
the last column of Table 1. It is clear that the score of 33-mm
opening is the highest followed by the 38-mm opening and then
28-mm opening.
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Figure 4 Dimension distributions of the mouth.
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Figure 5 Influence of the mouth dimensions to drinking ease.

The ranking scores are plotted in Fig.3 to investigate the
influence of the beverage type and gender to the ease of
drinking. It has found that the first rank is kept by the 33-mm
opening in both drinking tests of green tea and carbonated
beverage, no matter gender. Comparing the ranking results of
the 28-mm and 38-mm opening, it is observed that the
consumers prefer to drink green tea from the bottle of a
relatively large opening and to drink carbonated beverage from
the bottle of a relatively small opening, however, differences in
scores are small as compared with those of the 33-mm opening.

To investigate the influence of the subjects’ mouth size to
the ease of drinking, the width w and height 4 of mouth were
measured for all subjects while closing the mouth naturally as
illustrated in Fig. 4(a) [13], and the number of subjects in five
ranges of the mouth width: (1) 35mm - 40mm, (2) 4lmm -
45mm, (3) 46 mm - 50mm, (4) 51 mm — 55 mm, (5) 56 mm —
60 mm, and four ranges of the mouth height: (1) 9 mm — 15
mm, (2) 16 mm — 20 mm, (3) 21 mm — 25 mm, (4) 26 mm — 30
mm, are shown in Fig.4(b), (c). The ease of drinking are rated
as shown in Fig.5(a),(b). It has found that the 33-mm opening

always stayed at the first rank no matter with the mouth size. It
is concluded that the 33-mm opening is best for Japanese adult
consumers’ ease of drinking.

Questionnaire 2 and Statistic Results
Questionnaire 2 based on Kansei engineering is designed
to investigate factors that influence consumers’ drinking
feeling. In general, it is considered that consumers’ drinking
feeling may be related to containers (such as opening size,
shape and material), beverage (such as temperature and taste),
people (such as age, gender and drinking way) and
environment (such as drinking place and time). Under the
engineering consideration, the drinking feeling may be affected
by the volume and rate of flow while drinks flowing into the
mouth, adjustability and stability while drinking. Eleven
evaluation items are selected to study drinking feelings based
on Kansei words. As one example, the questionnaire of the 28-
mm bottle opening for green tea is shown in Fig.6. Evaluation
items are the same for all kinds of drinks and bottle
Figure 7 shows questionnaire results based on the drinking
test using the bottles filled with green tea. The mean values and
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standard deviations are calculated for eleven evaluation items.
It’s found that mean values of the 33-mm opening are high in
general. The 38-mm opening bottle shows the highest mean

values in Item 1 (Liquid can easily flow out of the bottle), Item
3 (The flow volume through the opening is large) and Item 5
(The flow into the mouth is fast), while the 28-mm opening

O 00 N N L b~ W N

(1) Bottle of 28-mm opening
Mark the number with o

Evaluation items:
1.

. The flow volume through the opening is appropriate

Liquid can easily flow out from the bottle

. The flow volume through the opening is large
. Feel comfortable in throat

. The flow into the mouth is fast

. The flow volume can be easily controlled

. Liquid flows into the mouth smoothly

. Liquid hardly spills from corners of the mouth
. The bottle can be easily inclined

10. The bottle opening is fit with the mouth

11. Drinking ease of bottles is better than that of cans

Level:
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Liquid can hardly flow out from the bottle

The flow volume through the opening is inappropriate
The flow volume through the opening is small

Feel uncomfortable in throat

The flow into the mouth is slow

The flow volume can be hardly controlled

Liquid flows into the mouth not smoothly

Liquid easily spills from corners of the mouth

The bottle can be hardly inclined

The bottle opening is unfit with the mouth

Drinking ease of bottles is worse than that of cans

Figure 6. An example of Questionnaire 2 based on the SD method.
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Figure 7 Evaluation results of Questionnaire.
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(b) Factor scores of three kinds of bottles
Figure 8 Factor analysis results.
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shows the highest mean value in Item 8 (Liquid hardly spills
from corners of the mouth). It’s also obvious that the standard
deviations of the 33-mm opening bottle are generally lower
than that of other two kind

opening sizes. The SD method is used, and five levels are set.

Since the 33-mm opening shows high mean values and low
standard deviations in almost all evaluation items, it is
considered that the 33-mm opening is highly evaluated by all
subjects. In contrast, 28-mm and 38-mm opening bottles show
relatively high standard deviations, so it is considered that
subjects have different feelings while drinking from them. The
33-mm opening bottle shows a smaller value in Item 3 (The
flow volume through the opening is large) but a higher value in
Item 2 (The flow volume through the opening is appropriate)
than 38-mm opening bottle does, hence, it’ estimated that there
is an appropriate flow of drinks for subjects feeling
comfortable when drinking from the bottle.

The FA is performed to gain insight of the data obtained in
Questionnaire 2. As one example, FA results of green tea are
shown in Table 2 and Fig.8. Two common factors were
identified. The contribution rate of the 1st factor (58.8%) is
larger than that of the 2nd factor (41.2%), which indicates that
the st factor affects ease of drinking more than the 2nd factor
does. The communality of fluctuation rate of two factors is
99.6%, so the fluctuation in the drinking test results can be
almost explained by these two factors. The transverse axes in
Fig.8 (a), (b) indicate the 1st factor, and vertical axes indicate
the 2nd factor. Item 3 (The flow volume through the opening is
large), Item 5 (The flow into the mouth is fast) and Item 1
(Liquid can easily flow out from the bottle) give large loads
and Item 8 (Liquid hardly spills from corners of the mouth)

Table2 Factor loadings obtained in the factor analysis.

Evaluation Factor loadings Communalit
Item No. Ist 2nd y
factor factor
1 0.97 0.24 1.00
2 -0.13 0.99 0.99
3 1.00 0.01 1.00
4 0.97 0.26 1.00
5 0.98 -0.20 1.00
6 -0.62 0.79 1.00
7 0.78 0.61 0.98
8 -0.98 0.21 1.00
9 -0.69 0.72 1.00
10 0.09 0.99 1.00
11 0.40 0.91 0.99
Contribution 6.4 452 11.0
quantity
Contribution
rate (%) 58.8 41.2 100
Fluctuation
rate (%) 58.6 41.0 99.6

gives a small load to the 1st factor, while Item 2 (The flow
volume through the opening is appropriate) and Item 10 (The
bottle opening is fit with the mouth) give large loads to the 2nd
factor. Therefore, the flow may be considered as the Ist factor,
and flow adjustability may be considered as the 2nd factor. The
good flow adjustability means that the flow from the bottle
opening can be adjusted easily and appropriately as expected
by consumers. In Fig.8(b), the 38-mm opening shows a high
factor score of the Ist factor followed by the 33-mm opening
and then the 28-mm opening, in other word, subjects feel that
the flow volume from the 38-mm opening is large followed by
the 33-mm opening and 28-mm opening. Moreover, the factor
score of the 2nd factor is higher for the 33-mm opening than
other two bottles, which indicates that subjects feel that the
flow adjustability of the 33-mm opening bottle is the best.

NUMERICAL SIMULATIONS
Flow-dynamic Analysis Model

Since the survey results based on the dinking test shows
that the flow influences drinking ease obvious, it is necessary
to develop a three-dimensional flow-dynamics analysis model
to simulate the drinks flowing out of the bottle and to evaluate
the ease of drinking numerically.

The analysis model is developed as shown in Fig.9. To
simulate the drinking action, the bottle model is rotated from its
initial position to the drinking position at a constant velocity
during time 7j and then kept stopping. The inclination angle (4)
of the bottle is defined as the acute angle between the bottle’s
central axis and horizontal line.

The velocity boundary condition is applied to the wall and
bottom of the bottle (I, I';). There is no relative velocity of the
fluid and the bottle. The distributed load boundary condition is
applied to the opening of the bottle defined as the flow outlet
('3). The bottle model is filled with 200ml water, and the water
is assumed to flow out from the bottle without any external
resistance. The water and air in the bottle are assumed as
uncompressible fluid. The density of water and air are given as
998, 1.20 kg/m’, respectively. And the viscosity of water and

'
/.
> Air

~_
a4

(a) Model

Liquid

(b) Inclination angle
Figure 9 Three dimensional fluid-dynamics analysis model.
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air are given as 1.00e-3, 1.82e-5 Pa-s, respectively. The
computational fluid dynamics analysis code, FIDAP [14], is
used to simulate the flow of fluid in the drinking action.

The drinking actions of several subjects have been
recorded using the video recorder in order to measure the final
inclination angle of the bottle while subjects drinking from the
bottle. The average values of the final inclination angles are A
= 0.0° for the 28-mm opening bottle, 4 = 2.0° for the 33-mm
opening bottle and 4 = 4.0° for the 38-mm opening bottle.
Five analysis models are considered as shown in Table 3. The
inclination angles obtained experimentally are sent to Model 1
(28-mm opening), Model 2(33-mm opening), and Model 3 (38-
mm opening), respectively. While, 4 = 2.0°, the same as that of
33-mm opening bottle, is sent to Model 4 (28-mm opening) and
5 (38-mm opening). All models are rotated from 4 = 90°.

Flow-dynamics Analysis Result
Numerical simulation results of the 33-mm opening bottle
(Model 2) when rotation time 7, = 1 second are shown in
Fig.10 as an example. It has been observed that the water flows
out from the bottle smoothly. The similar flow can also be seen
in the simulation for the bottle of the different opening size.
Figure 11 shows the history plots of the flow rate for five

-

-

(@) 4 =90 (b) A =55

(c) 4 =20°

models when 7, = 2 second. It’s observed that two peaks
appeared in the plot for all models, and that the starting time
and the time period of two peaks are almost same in five
models in spite of the difference in opening size, the final
inclination angle as well as the amplitude of the peaks. The
amplitude of the first peak is different in five models, so the
flow rate at the first peak may be used to present ease of
drinking as one of engineering variables. This agrees with the
factor analysis results that the flow has an effect on ease of
drinking.

The average rate of the flow during the first peak is scaled
in Fig. 12 for each model by the flow rate of Model 2 (33-mm
opening). If the final inclination angle is given as 4 = 2.0°, the
numerical analysis results of Model 2, 4, 5 shows that the
average flow rate of the 33-mm opening bottle is smaller than
that of the 38-mm opening but larger than that of the 28-mm
opening. The range of difference is about 87%. While if the
final inclination angles measured experimentally are given to
each bottle respectively, the range of difference in the average
flow rate becomes as narrow as bout 42%. If the flow of liquid
from the 33-mm opening bottle is regarded as the appropriate
flow, it is considered that consumers adjust the inclination
angle of the bottle to achieve the appropriate flow for ease of

(d) 4 =0.0°

Figure 10 Fluid analysis results.
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Figure 11 History plots of the flow rate.
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Figure 12 Average rate of the flow.
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drinking. This agrees with the observation from the results of
the drinking test and questionnaires.

From the numerical simulation results, it has been judged
that the flow-dynamic analysis model can explain the
observations in the drinking test and questionnaires, and may
be utilized in further development of containers to guarantee
consumers’ ease of drinking.

CONCLUSIONS

This paper has investigated effects of the bottle opening
size on drinking feelings in order to improve the comfort level
of consumers, when drinking directly from the bottle opening.
The drinking tests have been performed using three kinds of
bottles with opening diameters of 28, 33 and 38 mm,
respectively. From the statistical analysis of the questionnaires,
it is concluded that 33-mm opening is best for Japanese adult
consumers with no matter the type of drinks, gender and the
mouth size. Results of the factor analysis based on the data
obtained in the questionnaire based on the SD method have
shown that two factors contributing to the drinking feeling, the
first factor corresponds to the flow and the second factor relates
to the flow adjustability.

Moreover, the fluid-dynamics analysis model has been
developed to simulate the bottled liquid in a drinking action
consisting with survey results and experimental observations of
consumers’ drinking actions. Numerical simulations have been
performed to understand how consumers control the flow
during the drinking actions. It is found that the consumers
usually try to realize the ideal condition by adjusting the
inclination angle of the bottle.

In order to increase the comfort level of consumers when
drinking directly from the bottle opening, the flow-dynamic
analysis model developed in this paper may be used to
investigate effects of the bottle shape, opening shape, material
and so on. And the analysis model may be further developed,
for example, including human mouth and hand into the analysis
model, to investigate the influence of consumers’ drinking
actions.
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