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Aim of the study:
1) compute emission losses due to T stratification (vertical 

gradient)

2) determine the difference (operative T - air T)

Measurements at the TTÜ nZEB technological test facility
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Aim of the study:
1) compute emission losses due to T stratification (vertical 

gradient)

2) determine the difference (operative T - air T)

Method:

1) measure the vertical T gradient induced by:

i) radiator, ii) underfloor iii) air heating

2) calculate numerically the annual emission losses

Measurements at the TTÜ nZEB technological test facility
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TTÜ technological test facility

Å Supply water T compensated by the outdoor air T

Å Radiator: low -T heating curve 45/35C

Å UFH: 34/27C

Å Air heating: 40/30C
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Energy simulation model of the

TTÜtechnological test facility
Å IDA-ICE finite difference method software

Å Indoor T setpoint: Ὕ 21C

Å Annual simulation using Estonian climate data

Å Simulation of space heating and supply air 

heating needs with measured T gradients
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Energy simulation model of the

TTÜtechnological test facility
Å IDA-ICE finite difference method software

Å Indoor T setpoint: Ὕ 21C

Å Annual simulation using Estonian climate data

Å Simulation of space heating and supply air 

heating needs with measured T gradients

Å Operative Temperature Ὕ : perceived 

temperature determining general thermal 
comfort of an occupant.

Å The higher Ὕ (or smaller ЎὝ Ὕ Ὕ ), the 

more efficient the heater
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Energy simulation model of the

TTÜtechnological test facility
Å IDA-ICE finite difference method software

Å Indoor T setpoint: Ὕ 21C

Å Annual simulation using Estonian climate data

Å Simulation of space heating and supply air 

heating needs with measured T gradients

Å Operative Temperature Ὕ : perceived 

temperature determining general thermal 
comfort of an occupant.

Å The higher Ὕ (or smaller ЎὝ Ὕ Ὕ ), the 

more efficient the heater

Å Ὕ computed according to the standard ISO 7726:1998, average of mean rad. T and Ὕ
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Air temperature gradient (0.6m)

Ὕ ςυ ςψὅ Ὕ ςς ςφὅ Ὕ ςρ ςσὅ
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Air temperature gradient (2m)

Average T grad: +0.07 K/mAverage T grad: -0.06 K/m

Average T grad: +1.01 K/m


