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Abstract 

These days a lot of projects related to the universe are in progress, such as voyages to space using various space 

crafts or building the lunar city [1,2,3]. In the future, the demand for food which is easy to eat in space or on the moon, 

like street food, will increase as our living area spreads beyond of the earth. “Takoyaki” is one of the famous street 

foods in Osaka, Japan. It is a flour-based snack in the shape of little round ball containing a piece of octopus. “Takoyaki” 

is even becoming popular around the world. In this paper, a concept for making “Takoyaki” under zero gravity will be 

introduced. To confirm the concept, an experiment to determine whether the vibration caused the convection of 

“Takoyaki” dough was performed. The result of it will be reported. Furthermore, assuming for sales in the lunar city, 

some experiments were carried out in order to make lunar surface patterns on “Takoyaki.” The results of those 

experiments also will be reported. 
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1. Introduction of Takoyaki and the significance of 

making Takoyaki outside the Earth. 

Takoyaki is a type of street food that originated in Osaka, 

Japan. A small piece of octopus is put into the flour batter 

and grilled into a ball about 4 cm in diameter. In recent 

years, Takoyaki has gained popularity not only in Japan, 

but also in other countries, especially in Asia, as it is so 

easy to eat. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Pictures of Takoyaki taken in Japan (a), Hong 

Kong (b) and Guangzhou (c). 

 

As more and more civilians travel into space as a leisure 

activity, the demand for foods, like street food, that are 

readily available should increase. 

Ideally, we should be able to take Takoyaki to space, but 

it is not easy due to the limited amount of cargo that can 

be loaded into the spacecraft. If we can transport the 

ingredients and make Takoyaki in space, the leftover 

ingredients can be used for other dishes, which would be 

more efficient. 
Takoyaki is relatively easy to make on Earth, but under 

zero gravity, it is unlikely to be able to be made as well 

as on the Earth, so a new method will be needed. 

In the first half of this paper, I will explain how to cook 

Takoyaki thoroughly, and in the second half, I will 

explain how to make Takoyaki with a Moon pattern on 

its surface. 
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2. An idea of how to make Takoyaki under zero 

gravity. 

First, prepare a spherical mold. This mold is hollow and 

can be divided into two parts. While the mold is split in 

two, the dry ingredients should be added to the lower 

mold. After fitting the uppermold, pour Takoyaki batter 

through the hole in the top. Cover the hole to prevent the 

batter from spilling out and throw the mold into the oven. 

The idea is that Takoyaki will be grilled while the mold 

is bouncing around in the oven.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 Idea of the way to make Takoyaki under 

zero gravity 

 

2.1. Is heat convection needed to make Takoyaki. 

There are three types of heat transfer: heat conduction, 

convection and radiation [4]. Among these, convection is 

considered to be an important factor in grilling Takoyaki 

batter uniformly. 

On the Earth, the following Rayleigh number (Ra) is 

used to determine whether or not convection occurs. 

𝑅𝑎 = 𝐺𝑟･𝑃𝑟 =
𝑔𝛽𝛥𝑇𝐿3

𝜈𝛼
 

Convection occurs when the Rayleigh number exceeds a 

certain threshold, critical Rayleigh number  [5]. 

Here, g represents the gravitational acceleration, and 

under zero gravity, g=0. Therefore, it is said that no 

convection occurs under zero gravity, and Takoyaki may 

not be cooked uniformly. 

 

2.1.1. An example of baking chocolate chip cookies on 

the ISS 

An experiment to bake chocolate chip cookies on the 

ISS was conducted in December 2019. The results 

showed that the cookies, which took 25 minutes to bake 

on the Earth, took more than two hours to bake on the ISS 

[6,7]. This may be due in part to the lack of convection 

(mainly due to water and oil) inside the cookie dough. 

After all, convection is likely to be an important factor in 

the uniform heating of cookie dough or Takoyaki batter. 

 

2.1.2. How to generate convection under zero gravity 

Even under zero gravity, it is not that convection doesn't 

occur at all. For example, it has been reported that 

Marangoni convection occurs due to the difference in 

surface tension even under zero gravity [8]. 

Furthermore, there are possibilities to generate 

convection by applying an external force.  Several 

examples of simulations of convection under zero gravity 

have been reported using the Navier-Stokes equation, 

which is shown below. 
𝜕𝑣

𝜕𝑡
+ (𝑣･𝛻)𝑣 = −

1

𝜌
𝛻𝑃 + 𝜈𝛻2𝑣 + 𝑔 

According to the simulation results, convection can be 

generated by vibrations, even under zero gravity [9,10]. 
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2.2. Outline of the vibration experiments. 

In order to investigate whether convection is generated 

in Takoyaki batter by vibration, we heated water and two 

different types of batter (with and without ingredients) 

and tested whether vibration makes a difference in the 

amount of temperature increase. If convection is 

generated by vibration, the presence of vibration should 

make a difference in the amount of temperature increase. 
 

2.2.1. Methods and Results 
The ingredients for each batter are as follows. 

 

Batter without ingredients･･･(A) 

 water 

 Takoyaki-powder or flour 

 egg 

 tofu 

 dashi (Japanese soup stock) 

 dried bonito powder 

 green seaweed powder 

 

Batter with ingredients･･･(B) 

 (A) 

 tempura flakes 

 picked red ginger 

 chopped green onion 

 small pieces of octopus 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.3 Ingredients of Takoyaki 

(a) dried bonito powder, (b) green sea weed 

powder, (c) tempura flakes, (d) picked red ginger, 

(e) chopped green onion and (f) octopus 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 Takoyaki batter with ingredients 

 

A standard hot plate was used for heating and a 

handheld massage machine was used to provide vibration. 

The heating time was set at 10 minutes and the contents 

were stirred after heating and then the temperature was 

measured. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 Heating zig 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6 The scene of providing vibration 
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The difference between the temperature before and after 

heating obtained from each experiment is shown below. 

 

Table 1  Temperature Change of Water 

 Without 

Vibration / ℃ 

With 

Vibration / ℃ 

First 27.3 20.4 

Second 23.5 20.1 

Third 26.8 26.9 

Fourth 21.7 21.8 

Average 24.8 22.3 

 

Table 2 Temperature Change of Batter without 

Ingredients･･･(A) 

 Without 

Vibration / ℃ 

With 

Vibration / ℃ 

First 26.5 18.2 

Second 19.2 21.4 

Third 21.0 20.7 

Fourth 18.2 21.5 

Average 21.2 20.5 

 

Table 3 Temperature Change of Batter with 

Ingredients･･･(B) 

 Without 

Vibration / ℃ 

With 

Vibration / ℃ 

First 28.2 30.3 

Second 20.4 21.5 

Third 22.6 26.2 

Fourth 18.8 27.9 

Average 22.5 26.5 

 

2.2.2. Consideration of vibration experiments. 

When the water was subjected to vibration, the 

temperature rise was suppressed. One of the possible 

causes of this is that the new convection generated by 

vibration may inhibit the heat transfer. 

In the case of the batter without ingredients, the effect 

of the vibration was hardly noticeable. This may be 

because the batter of Takoyaki is more viscous than the 

water, and therefore no convection occurred when 

vibration was provided. 

In the batter with ingredients, the temperature was 

higher when the batter was subjected to vibration. The 

vibration caused the ingredients to move in the batter and 

stir the batter, which may have resulted to the efficient 

transfer of heat to the whole batter. 

 

3. Plan of the Solar System Planet Takoyaki  

It would not be interesting to make ordinary Takoyaki 

in an extra-terrestrial environment. I would like to make 

Takoyaki that is shaped like the planets and the Moon in 

the solar system. 

 

3.1 Lunar shaped Takoyaki 

First, I looked at the possibility of making lunar shaped 

Takoyaki, assuming that it would be sold on the Moon, 

which is familiar and likely to be the fastest to develop. 

 

3.1.1 Prototyping of molds in various materials 

First of all, a mold is necessary to make lunar shaped 

Takoyaki. Various materials were used to make 

prototype molds. 

I attempted to make ceramic Takoyaki molds using a 

room lamp with an uneven surface of the Moon as a 

mold. The unevenness disappeared due to shrinkage of 

the clay when it was calcined. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7 Scenes of making ceramic Takoyaki molds 

(a) A room lamp with an uneven surface of the 

Moon, (b) Molding with clay and (c) Failed molds 
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By placing a small ball made of aluminum foil on a 

ladle and wrapping the ladle in aluminum foil, a 

prototype Takoyaki mold with spherical projections on 

its surface was made. I tried making Takoyaki with it, 

but the batter stuck to the wrinkles of the aluminum foil 

and I couldn't make Takoyaki properly.  

 

 

 

 

 

 

 

 

 

 

 

Fig.8 Prtotype Takoyaki mold (a) 

and scenes of using it (b), (c). 

 

3.1.2 Use of a mold that will give a fish scaly pattern 

(like a waffle iron) 

In order to see if it was possible to make an arbitrary 

pattern on Takoyaki, I used a ready-made fish 

patterning machine to grill Takoyaki batter. 

 As a result, a faint fish scaly pattern was  able to be 

seen on it. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.9 Takoyaki with fish scaly pattern 

 

4. Summary and Future Plans 

 The first experiment, shown in section 2, suggested 

that vibrations may be more advantageous for making 

Takoyaki in space. We would like to examine the 

conditions for more efficient Takoyaki making in the 

future. There have been cases reported in which the 

sand draws complex shapes, and in which objects float 

and rotate due to sound waves [11,12]. By alternating 

sound waves of a specific frequency to Takoyaki as 

well, the inside and outside of the batter could be 

swapped, allowing it to grill evenly. If the technology 

for making Takoyaki in space can be established, the 

technology could be used to make cookies, breads, 

cakes and so on which would enrich the food supply in 

space. 

 In the second experiment shown in section 3, it was 

suggested that the surface of Takoyaki can be decorated 

with a lunar pattern if there is an appropriate mold. 

From now on, I will continue to make the molds and as 

soon as they are completed, I will actually make 

Takoyaki with a lunar pattern. The technology for 

making arbitrary patterns to Takoyaki, as well as to 

other foods, can be used to enhance the dining 

experience in space. 
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